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Wings of Khichan: Unraveling the Ecology, Migration, and Conservation
Challenges of Demoiselle Cranes in the Thar Region
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Abstract - The Thar region in Rajasthan provides a
habitat for a diverse range of migratory avian species, with
the Demoiselle Crane (Anthropoides virgo) being prominent
among them. These cranes gather in Khichan village, in
search of favorable ecological conditions to sustain, lodge,
and nurture their young ones. Anthropoides virgo, the
smallest crane, boasts an average adult length of 90cm,
featuring streamlined bodies, long rounded grey wings, and
short toes and bills. Engaging in a cyclic migration pattern,
Demoiselle cranes undertake a demanding journey, covering
5000 kilometers in around two weeks. Originating from
Siberia, China, Mongolia, Russia, the Tibetan plateau, they
navigate through the Dead Sea, Afghanistan, and Central
Asia before settling in their winter habitat in India. Arrival
in Khichan typically occurs in late September, and the
cranes stay until early March before migrating back to the
northern region during spring via the Central Asian Flyway
(CAF). The conservation status of Demoiselle cranes,
according to the IUCN Red List, is categorized as 'Least
Concern.' Research data from 2022-23 indicates a peak
winter population of up to 40,000, with estimates in early
October ranging between 5000-7000 in Khichan Bird
Sanctuary. Key roosting sites include waterbodies such as
Vijaysagar Talab, Ratri Nadi, Nibli Nadi, and Teejaniyo Ki
Nadi, while the 'Chugga Ghar' serves as a vital feeding
ground.

Despite their resilience, these cranes face threats such as
food poisoning, predation by dogs, temperature fluctuations,
and electric shocks from power lines. The primary cause of
increased mortality is linked to power lines and excessive
insecticide use in agricultural areas where the birds roost at
night. This study closely examines the Demoiselle crane

population, emphasizing habitat utilization, ecological
behavior, d hallenges encountered during their
t
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1.INTRODUCTION

The Central Asia Flyway (CAF), a migratory route guiding
Demoiselle cranes to Gujarat and Rajasthan in India,
underscores the significance of protected sites such as
Important Bird Areas (IBAs), bird sanctuaries, wildlife
refuges, and national parks in wetlands. These areas serve
as crucial stopovers and wintering grounds for
approximately half of India's 243 water bird species and
67 wetland-dependent birds [1] [12].

There are a total of fifteen crane species distributed

globally [5]. Among them five crane species found in India,
the Demoiselle Crane stands out, embarking on a majestic
winter migration journey. Recognized locally as the Kurjan
bird, the Demoiselle Crane's distinctive features include
long legs, neck, and a compressed bill, with a bluish-grey
body adorned by dark and light grey markings. Notably,
the Demoiselle Crane holds a conservation status of "Least
Concern" according to the IUCN Red List and is listed in
Appendix Il of CITES (2012). Winter sees thousands of
Demoiselle Cranes descending upon Rajasthan's Thar
Desert, with Khichan village in Phalodi district standing
out as a world-renowned wintering ground, hosting the
second-largest population globally (Gehlot et al., 2021).
The region's Flyways, often considered as 'routes' for bird
migration, play a pivotal role, with India positioned in
three key flyway zones: Central Asian Flyway (CAF), East-
Asian Australasian Flyway (EAAF), and Asian East African
Flyway (AEF). Birds migrating across the Himalayan
region confront significant physiological and climatic
challenges as they traverse the highest peaks in the world.
Ringing programs have contributed valuable data
regarding the origins and destinations of these birds [6].

Approximately 370 migratory bird species utilize these
flyways, with the Central Asian Flyway alone supporting at
least 274 waterbird populations. Demoiselle Cranes,
Siberian Cranes, and Hooded Cranes are among the

species relying on the Central Asian Fl [10].
~~__ Digitglly sngne by Saty%jra Slngh

Migratory birds are BN: C=IN, Offbrsqa@IH@usSoithseats

f3dfb50e4an4ﬁ c5420a 4b171c, Phonez

res Ia 7e39667dffec2tb@13YE3isEIbR5a kLS Qa0

3b7569f1b97b000a4684d3f, PostalCode=
474020, S=Madhya Pradesh

SERIALNUMB

9b20c3a910498633f|.c964: 0c08
227f1611809857950! dfgbfﬁés%?gf
Singh

Reason: | am the author of this document
Location:

Date: 2024.12.30 15:24:46+05'30'

Foxit PDF Reader Version: 2024.4.0

IS0 9001,

ra

(8 Ce

mgh



‘!/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 10 Issue: 03 | Mar 2023

www.irjet.net

p-ISSN: 2395-0072

pesticides, deforestation, and industrialization [9].
Conservation hurdles in the area stem from inadequate
management practices driven by a lack of understanding
of Demoiselle Crane ecology, a shortage of scientific
research, unchecked tourism, periodic pond desiccation,
the hazard of electric cables leading to crane fatalities, and
insufficient medical care for sick or injured birdS [8].
However, this study sets out to uncover the secrets of the
Demoiselle Crane: understanding its population dynamics,
unraveling migratory mysteries, and confronting the
major threats it faces in the enchanting Khichan village in
Thar Desert of Rajasthan, India.

1.1 Avian Migration and Its Importance

The ecological significance of migration, as evident in its
impact on food production, climate, and conservation,
underscores the importance of studying this phenomenon
[10]. The Demoiselle Crane's migratory journey, spanning
thousands of kilometers, highlights the need for
conservation efforts to counter increased anthropogenic
threats, habitat destruction, and alteration of resting
grounds in their wintering sites [2] [3]. The migratory
birds exhibit their highest winter population levels in
December, January, and February.

The migration routes spanned between 2170 to 5600 km,
while the transit migration covered distances from 1900
to 4600 km, lasting between seven to 13 days. Clearly, the
Demoiselle Crane manages this period without the need
for immediate energy replenishment, relying on resources
accumulated before initiating the transit migration [7].

Every winter, numerous flocks of Demoiselle Cranes make
their way to the Thar Desert in Rajasthan. Originating
from Siberia, China, Mongolia, Ladakh, and the Tibetan
Plateau, their migratory journey extends through
Afghanistan and Central Asia before concluding in the
north-western part of India, specifically at the Thar Desert.
The purpose of this migration is to escape the harsh cold
of the Arctic region by seeking warmer climates.

2. Historical perspective; Khichan as Wintering
Ground

Khichan, recognized as a crucial wintering site,
experiences an annual increase in the Demoiselle Crane
population due to distinctive community initiatives [4].
Situated on the outskirts of the Thar Desert, Khichan lies
along the mi Ea{orgg route of Demoiselle Cranes as they
travel frgmT ing grounds in Eurasia to bask in
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initial= o%\ks embarlg, o y from the
plateg S; S £ s of Mongolia and the

Wo vg(eeks % traverse numerous international
,1ng e Himalayas. By November, a
Lag an?

AC
Cau ‘{?ug region. Cz;z\gvapp oximately 5,000 kilometers
QY

© 2023, IRJET |

Impact Factor value: 8.226

multitude of birds descends, and for a duration of five
months, Khichan transforms into a 'crane village.'

3. Study Site

The latitude of Khichan village is 27.142930, and the
longitude is 72.420227. The population density of this
village is 7,025, as per the records collected in 2011.
Khichan has been recognized by the Rajasthan Tourism
Development Corporation (RTDC) as a tourist hotspot.
Thousands of cranes spend the winter in Khichan, and
they can be seen right in the middle of the village. Various
sites were studied during the survey for data collection,
such as agricultural fields, feeding grounds, wetlands,
lakes, ponds, etc.

3.1 Feeding Ground (Chugga ghar)

The feeding ground of these cranes is the “chugga ghar,”
which is located on the entry pathway of the village and
covers an area of 6416 square meters where they feed
upon grains. On a daily basis, a total of 2500 kilograms of
grains are provided to the birds during the peak winter
season. They come to the feeding ground in the early
morning, forming a 'V'-flight pattern in the sky.

SRR : ® > 22 - F SRV

Fig -1: feeding ground in Khichan
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3.2 Rivers (nadi) and Ponds (talab)

In the northern side of the village, there are two water
bodies, “Vijaysagar Talab” (Pond) and “Ratri Nadi” (River).
Another water body is situated in the southern region of
the feeding ground, and that's “Teerjaniyo ki Nadi” (River).
These rivers and ponds are used by the cranes as resting
sites in the evening and a source of drinking water.

Fig -3: Roosting site (Vijaysagar talab)

4. Materials and Methods

Selected locations within Khichan's wintering grounds
were surveyed for Demoiselle cranes from early
September 2022 to late March 2023. Additional
information was gathered from secondary sources,
including newspapers, magazines, literature, and Mr. Seva
Ram Mali, a local shop owner in Khichan. Mr. Mali has
been maintaining records of the daily visits to the feeding
ground, as well as details about injured, deceased, and
rescued birds since October 2010. Surveys encompassed
various areas in Khichan village, chosen based on previous
data and local knowledge.

4.1 Data Collection

An initial reconnaissance survey was executed in the study
area, specifically Khichan village, with the aim of
identifying potential habitat locations for Demoiselle
cranes. After identifying these sites, additional data
collection activities were initiated. Surveys were

conducted on foot within the study area, allowing for
direct observations during both early morning and
daytime hours. Binoculars (8 x 40), iPhone13 and a Canon
PowerShot SX40 HS camera, equipped with a 12MP CMOS-

& [~ 7. \
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whether in flight or on the ground and with the aid of
binoculars, tagged birds were also sought to determine
their migratory patterns and origin. Comprehensive
information regarding the birds' activities and daily
routines was gathered through a questionnaire survey
conducted among the locals of the village.

5. Findings and Interpretations

The migratory avian species, Demoiselle cranes, are
observed in early September during the survey for the
research. Our findings indicate that only a few of them
migrate towards the Thar region of Rajasthan in the early
winter. Their numbers range between 100-200 in the
initial winter period, but by late September, it increases
significantly to 3000-5000. These cranes cover vast
distances, flying thousands of kilometers in search of
optimal ecological conditions and habitats for feeding,
roosting, breeding, and raising their young.

The Demoiselle cranes are observed in various regions of
the Thar Desert, possibly due to the availability of suitable
habitats and protection from the local community in
Rajasthan. The ponds situated in Satlana village, Jodhpur
district, serve as a secondary habitat for Demoiselle cranes
in the Thar Desert. This village, located in Jodhpur district,
provides a picturesque setting where Demoiselle cranes
coexist with local bird species [11]

Survey Data was recorded from September 2022 to March
2023, representing the annual period of their migration.
According to the data, the peak population is observed in
January and February, coinciding with the peak of the
winter season. During these months, the population status
ranged from 35,000 to 40,000, marking the highest count
to date. The entire Khichan village was surveyed and
recorded an average species count of 35,000-40,000
during the peak winter season.

Table -1: Population status recorded in each month along
with time from October 2022 to March 2023

TIME TO TIME TO POPULATION
DATE | REACHTHE | LEAVE THE
FEEDING GROUND
GROUND
06/10/22 | 07:03 am. 10:13 a.m. 5000
06/11/22 | 07:45am. | 09:46am. 9000
06/12/22 | 07:28am. | 09:27 am. 18000
06/01/23 07:08 a.m. 09:56 a.m. 32000
06/02/23 07:51 a.m. 11:12 am. 40,000
06/03/23 07:54 a.m. 10:43 a.m. 12000
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we can conclude that during the early months of winters
only few individuals are seen in the khichan village, and
the population size increases as the winter increases in the
central Asian parts and birds migrate towards the marshy
areas of khichan.

POPULATION STATUS

50,000
40,000
30,000
20,000
10,000

Fig -4: Population status of annual migration.
Mortality Of Demoiselle cranes

A total of 234 deceased individuals were documented
between 2010 and 2021 in Khichan and its surrounding
areas. The majority of these mortalities were discovered at
Vijaysagar Talab and Ratri Nadi, identified as the two
primary roosting areas for Demoiselle cranes. Chugga ghar
served as their main foraging site. The causes of these
mortalities were varied and included food poisoning,
collisions with power lines, attacks by feral dogs,
temperature increases, and injuries from Chinese manja.
In some instances, natural factors were identified as the
cause of mortality. They confront numerous other threats,
including illegal trades, habitat loss, and hunting or
capturing. Given these challenges, the conservation and
management of Demoiselle cranes are imperative for the
survival of this beautiful species [13]

Vijaysagar, a significant water source for birds to quench
their  thirst, attracts substantial  congregations,
consequently drawing predators like stray dogs. The
power lines traversing the pond region, a major roosting
site, have been accountable for obstructing the flight of
birds and contributing to mortality. Figure 5 illustrates
recorded reasons such as collisions with power lines,
predation by stray dogs, and food poisoning caused by
insecticides™ UsBd7 4in.  grain agriculture with high

T

© 2023, IRJET |

Impact Factor value: 8.226

O Dogs attack

B Chinese Manjha
O Electric wire

O Food poisoning

B Natural cause

Fig -5: Major threats causing harm to Cranes.

The primary threat to the cranes in Khichan village arises
from the presence of electric powerlines within the
roosting and feeding grounds of the cranes. Another
significant threat contributing to a high mortality rate is
food poisoning. This is attributed to the ingestion of
fertilizers and insecticides used in agricultural practices,
which contain elevated concentrations of phosphorus. The
cranes consume these substances through food grains or
water in the ponds, which serve as their roosting sites and
are contaminated by fertilizers and insecticides.

Fig -6: Demoiselle crane injured by feral dog attack.
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Abstract: The Red-necked Phalarope (Phalaropus lobatus) is a vagrant to the Indian Subcontinent with only a little
observation. 18 April no any breeding features was show in group, but it’s was observed on date 16th May 2020 all
10 pairs have breeding characters show in male and female birds. Sambhar Salt Lake (Ramsar site) where it can be
considered a recurring record due to repeated sightings, but the continuation of birds in Sambhar which used to
come here during winter is difficult to explain due to climate change.
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Introduction

Red-necked Phalarope (Phalaropus lobatus) breed
mainly in Arctic regions of North America and
Eurasia. It is migratory and unusually winters
wader at sea on tropical oceans. The red-necked

pya@iel i@ﬁﬁ)ﬁ headed, outsized bodied wading
b'r_.d‘z"itfﬁ@?n/%idle—like bill and lobed toes. In
| é,ygfgng time \O hite_throat
p:afe;heJQnﬂ@ pIEQdéﬁnir antly dark grey head and
. éﬁ';'The male’ 12 /a paler underside than the
feﬁﬁ /,\gff‘l ‘\(\ irely white, whereas females
hav?éﬁﬁr%y?%st. Breeding females have a more

brightly colored chestnut red neck than the male.
Non-breeding adult birds have pale silvery-grey
upperparts, white face and under parts, and a
small black patch behind the eye. Juveniles look
like non-breeding adults but also have a grey-
brown wash on the nape, shoulders and upper
wings, and a darker coronet. In the Indian
Subcontinent Red-necked Phalarope and Red
Phalarope are reported bfiesraiereyalks si2000;
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does not meet size limitation criteria (common
occurrence < 20,000 km?, plus reduction or change
in size) although population decline is likely,
based on population trends (>30% decline in ten
years or three generations) the decline is enough
to reach the vulnerability point It is not expected
to be fast. The population is very large and
therefore does not meet the requirements of the
large-scale population (adults < 10,000, estimated
decline > 10% ten or three generations, or certain
population models). These species are rated as
Least Concern as per data bases of Birds Life
International (2023). Both species winter in the
South Pacific, with the Red-necked Phalarope also
breeding in the Arabian Sea, and the Red
Phalarope in the Atlantic off Africa. Red-necked
Phalaropes in Europe and Asia migrate overland,
and are sometimes encountered in some numbers
on inland wetlands, but Red Phalaropes occur only
inland when storm driven (Chandler, 2009).

The Red-necked Phalarope is the smallest of
the three Phalarope species, and has the most
widespread circum-polar breeding range. A
wading bird of the open ocean, it lives virtually as
a seabird most of the year, coming on shore to
breed. Red-necked Phalarope is not an uncommon
wader, during the autumn passage, at suitable
locations in Rajasthan. It is regular during autumn
passage at Sambhar Lake (Kochiya Ki Dhani and
Near Shambhar Railway station), where they were
seen during August almost every year since 1990.
In disparity, very little is known about the
migration of species at sea; the most detailed
information about migration comes from a single
saline lake in California (Rubega and Inouye,
1994) and the Bay of Fundy (Mercier, 1985;
Mercier and Gaskin, 1985; Brown and Gaskin,
1988). Few studies of tracking of birds from
breed/g lrJfatlons in Greenland, Iceland and the
S}}e’@a«n\dﬁ Scotland has found that the
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(Garibbean” and ¢en®ral |America to winter in the

@

\ A~ /

Ra@fi\ rf;%rni/h;é &y the similar routes (Smith et
\ N

al, ZO,I82~I§)/ 4$\ rarely recorded inland, but on

passage -

Tecorded practically throughout

Afghanistan, Pakistan, and north-western India; a
few records are from west Nepal, Bihar, and inland
southern India (Rasmussen and Anderton, 2012).
According to Ali and Ripley (1980) it is recorded
from a few inland localities on spring and/or
autumn passage. On breeding ground and on fresh
waters in migration they eat generally insects,
including adults and larvae of flies, beetles,
caddisflies. During stopovers on alkaline lakes,
may eat many brine shrimp. Winter diet on ocean
probably includes small crustaceans and mollusks.
An predictable 42,000 consideration to breed in
Arctic National Wildlife Refuge, Alaska (Brown et
al, 2007), although at least local declines have
been reported in some areas in recent decades
(Bart et al, 2007;bSammler et al, 2008). More
than 1,000,000 birds winter in Arabian Sea, with
large numbers of these moving through Central
Asia, e.g. Kazakhstan, where between c. 590,000
and 650,000 individuals have been estimated to
pass through the Tengiz-Korgalzhyn region in
spring (< 200,000 in autumn; Schielzeth et al,
2010).

The Red-necked cormorant is a small
shorebird that spends most of its time in the open
ocean. It has a length of 6-8 inches and a wingspan
of 14-15 inches. It has a long, pointed black beak
and long black legs with lobed fingers. During the
breeding season, the female's breast is gray. The
back is dark gray with brown stripes. Its head is
dark gray, with a white spot over its eyes, its neck
is red, and its chin is white. The color of the males
is similar, but slightly darker, with a white line
above the eye. During the breeding season, it has a
red-necked gray back and a white belly. It has a
white head with black patches on his face. More
than a few authors identified Red-necked
Phalarope (Phalaropus lobatus) calls from a flock
as well as single one (Andrew Spencer, 2014;
Michel Robert, 2022).

Materials and Methods

The red neck phalarope in Sambhar was first seen
in summer on 18t AnrfeeyaTe FHENAR Ham e
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1)

(2) (3)

Fig. 1: Adult female Red-necked Phalarope, breeding plumage during male approaching.
Fig. 2: Adult female Red-necked Phalarope, breeding plumage during grooming.
Fig. 3: Adult female Red-necked Phalarope, breeding plumage.

with Canon 700d with Tamron 150-600 mm G2
lens and recorded. It was the first time that this
bird was seen after the end of winter, it was seen
in the Sambhar Lake (26.9043°N, 75.12279E) on
16t May 2020. On date 18 April no any breeding
features was show in group, but it was observed
on date 16th May 2020 that all 10 pairs have
breeding characters shown in male and female
birds. The temperature was recorded at a
minimum of 29°C and a maximum of 33°C.
Sambhar Lake has got 2-3 feet of water after the
last 35 years or else the water of Sambhar Lake
evaporates in summer. Earlier from here no
record of breeding pair with characters of red
neck phalarope in spring or summer passage
records from Rajasthan. During the breeding
season, red-necked woodcocks feed on insects,
crustaceans and mollusks. Sand red-necked is not
designed for diving, so in the ocean it scrapes
zooplankton, small crustaceans and mollusks from
the surface. It usually occurs in areas where ocean
currents meet and form and rising water levels
' surface.

ad, crown, hindneck, and sides
-below |eye, mahogany red bands

ernd from beHifdd ear coverts down sides of
f 020 e

iant white

on central fore-neck. Upper back and scapulars
blackish neutral gray; cinnamon double streak on
upperparts formed by edging on outer back- and
scapular-feathers. Upper tail-coverts black, fringed
cinnamon and tipped white; feathers of sides of
rump and upper tail-coverts mostly white. All
wing feathers retained from basic plumage (Figs.
1, 2, 3). In males forehead, crown, lores, and
cheeks sepia, washed raw umber on cheeks.
Blurry mixed white and raw umber super cilium,
falls short of bill. White spots above and below eye
less bright and less distinct than in female. Lower
back, rump, upper tail-coverts, tail, all wing
feathers same as in female. Fore neck, chest, sides
of breast, and flanks dark neutral gray, broadly
fringed white and all other under parts white
(Figs. 4 to 9).
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Fig. 5: First arrival of Red-necked Phalarope Phalaropus lobatus (18t April 2020, Jhapok dam, Sambhar Salt
Lake, Jaipur).
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Fig. 6: Females of Red-necked Phalarope Phalaropus lobatus.

(A)
Fig. 7 (A, B): Adult female Red-neck

Satyend
ra Singh

Digitally signed by Satyendra Singh

DN: C=IN, O=Personal, T=9133, OID.2.5.4.65=
f3dfb50e40ae441a9¢c5420ae944b171c, Phone=
7e39667dffee2dd7e737b8f8442f65aae3cda8el2
3b7569f1b97b000a4684d3f, PostalCode=
474020, S=Madhya Pradesh,
SERIALNUMBER=
9b20c3a910498633f1c9644ca027403 0c08
227f16118098579503df9be4, CN=Sat

Singh

Reason: | am the author of this document
Location:

Date: 2024.12.30 15:24:46+05'30'

Foxit PDF Reader Version: 2024.4.0



(a)

(B)

Fig. 8 (A, B): Adult female Red-necked Phalarope, breeding plumage.

Fig. 9: Breeding pair of Red-necked Phalarope Phalaropus lobatus.

Results and Discussion

The red neck phalarope is a vagrant to the Indian
Subcontinent with only a little observation (Table

and especially to
aground winds (Ash and
7). Sambhar Salt Lake (Ramsar site)

where it can be considered a recurring record due
to repeated sightings, but the continuation of birds
in Sambhar which used to come here during
winter is difficult to explain due to climate change.
[t is first time recorded breeding pairs in India due
to climate change.
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Table 1: Records of Red-necked Phalarope from the Indian Subcontinent (2002-2020)

Numb f
S. No. Location Authors um. ers o
Birds
5th February 1999, at Kochia ki Dhani, freshwater
1 Sangha (2002 17
pond, Sambhar Lake (26.582N, 75.052E) angha ( )
2nd November 2001, at Kochia ki Dhani, freshwater
2 ’ ' Sangha (2009 5
pond, Sambhar Lake (26.582N, 75.052E) angha ( )
3 18th December 2007, at Vakeria dhand (23.43°N, Jugal Tiwari (2007); Cited 1
23.60°E), Banni, Great Rann of Kachchh in (Sangha, 2017)
Divyabhanusinh Chavda &
late Shantanu Kumar
4 1stD ber 2009, Sambhar Lak NP 13
ecember ambhar Lake (2009) Lit.Cited in
(Sangha, H. S., 2017)
R A
5 West Nepal, Bihar, and inland southern India asmussen & Anderton -
(2012)
6 1st December 2013, at Kochia ki Dhani, freshwater Abhinav C (2013); Cited in 14
pond, Sambhar Lake (26.582N, 75.052E) (Sangha, 2017)
7 9th September 2013 at Jaisalmer (Rajasthan) Mishra (2013) 2
8 6t February 2015 at the Najafgarh wetlands Sanjay Sharma (2015) 1
(28.60°N, 76.99°E), southwestern Delhi District Cited in (Sangha, 2017)
8th February 2015Soor Sarovar, (27.23°N, 77.85°E), )
9 2015 1
Agra District (Uttar Pradesh) Jannes ( )
16t D ber 2015, at Badopal (25.15°N, 60.04°E), .
] ecember ) at Badopal ( . ) Sangha (2015) Cited in
10 a saline wetland, in Hanumangarh District, 3
. (Sangha, 2017)
Rajasthan,
11 6 th May 2018, Malkhed Spillway and Reservoir, Praveen Joshi (2021) 1
Yavatmal District, Maharashtra, India
Viral Patel and Pankaj
12 20t September 2018, Nal Sarovar Bird Sanctuary, lr;[a;e;aazlz 0 1:31 4 1
near Ahmedabad, Gujarat, India
Pranjal ] Saikia (201
29t September 2018 Tal Chappar Wildlife ranjal ] Saikia (2018)
13 . ) . Cited in (Sangha, 1
Sanctuary, Churu District, Rajasthan, India
2017)
14 12th October 2018 Dhigal, Haryana, India Nikhil Devasar (2018) 1
15 31stJanuary 2019, Valsura Salt Pans, Jamnagar, Patel (2019) 1
Gujarat, India Cited in (Sangha, 2017)
16 18t April 2020, Jhapok dam, Sambhar salt Lake, Gorav Sharma and Bohra 20
Jaipur (2020)
17 16th May 2020, Dadu Dayal ji ki chatri, Sambhar salt Gorav Sharma (2020); 16
~ Lake, Jaipur Bohra (2020)
T \
e\l\lces‘ - l\ Andrew Spencer (2014) Red-necked Phalarope
~ 61 (Phalaropus lobatus) calls from a flock of 150 or so
[;1[5 an]iQ%p@y ;198 ) Handbook of the birds of birds foraging. https://ebird.org/species/renpha.
\ 4 ndla and tan ' together with those of  Ash ]S and Ashford OM. (197 R Saneat-Blaskheaded Gull
fvglagi@ﬁh za:l hutan and Sri Lanka. Megapodes rus lchthyaetu A e o e BB 2g o213 a1 sl
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Bart ], Brown S, Harrington B and Morrison RIG. (2007)
Survey trends of North American shorebirds:
population declines or shifting distributions? | Avian
Biol 38(1): 73-82.

Birds life International (2023) http://datazone.birdlife.
org/species/factsheet/22693490.

Brown RGB and Gaskin DE. (1988) The pelagic ecology
of the Grey and Red-necked Phalaropes Phalaropus
fulicarius and P. lobatus in the Bay of Fundy, eastern
Canada. Ibis. 130(2): 234-250.

Chandler R. (2009) Shorebirds of the northern
hemisphere. Christopher Helm, London.

Dhadwal DS and Kanwar B. (2018) Birds of Himachal
Pradesh. Non-Passerine. Vol 1, pp. 1-301.

Grimmett R, Inskipp C and Inskipp T. (2011) Birds of
the Indian Subcontinent. Helm Field Guides, ISBN
9781472972507.

Jannes H. (2015) Tigers and birds of Bandhavgarh.
http://www.birdquest-tours.com/pdfs/report/
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ebook.pdf.

Joshi Praveen (2021) Records of migratory water birds
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40928.
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ABSTRACT

\Phytoremediation, an environmental technology that is a new discipline which integrates living materials, mainly
|\plants, and very small micro-organisms like algae to address the problems of environmental management anjl
sustainable development. Phytoremediation is a word formed from the Greek prefix “Phyto” means plant an
suffix “remedium” meaning to clean (or) restore (Cunningham et.al.,1996) The term actually refers to advise
collection of plant based technologies that use either naturally occurring (or) genetically engineered plants for
cleaning contaminated environments (Flathman and lanza, 1998), Phytoremediation consists of four different|
|plant based technologies, each having a different mechanism of action for the remediation of metal polluted soil,
sediment or water. This review article provides a critical review of the recent progress towards the development of|
transgenic plants with improved phytoremediation capabilities and their potential use in environmental clean-up.

Keywords: Phytoremediation, Environment, Micro-organism.

mechanism of action for the remediation of metal
polluted soil, sediment or water. These include
phytoextraction,n where plants absorb metals from
soil and ranslocate them to harvestable shoots
where they accumulate. Rhizofiltration involves the
use of plant to clean various aquatic environments.
hytostabilization, where plants are used to stabilize
rather than clean contaminated soil. Some plants
tolerate and accumulate high concentrations of
metal in their tissues but not at the level required to
be called as hyper accumulators. Researches in
environmental biotechnology promise to enhance
the phytoremediation efficiency by a known
phytoremediator plant.

INTRODUCTION

Environmental bio-technology is a new discipline
which integrates living materials, mainly plants,
and very small animals like earth worms, micro-
organisms to address the problems of
nvironmental management and sustainable
development Phytoremediation is a word formed
from the Greek prefix “Phyto” means plant and
suffix “remedium” meaning to clean (or) restore
(Cunningham et.al.,1996) The term actually refers
to advise collection of plant based technologies
tha/use Axth\r naturally occurring (or) genetically

cleaning contaminated

s
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MATERIAL AND METHODS

Phytoremediation is a method which green
plants use for cleaning up contaminated
hazardous wastes sites. Phytoremediation has
applied Ex-situ and In-Situ, continually and
induces to clean up contaminated terrain of
toxic metals. The following are the steps
involved in the hytoremediation process

1. Identification of area.

2. Chemical analysis of the soil before
application of the phytoremediation.

3. Sowing the plant phytoaccumulators.

4. Usage of agricultural and technical
measures and Inspection of vegetative
development.

5. Picking and drying the plants.

6. Chemical analysis of the soil near the root
after finished phytoremediation.

7. Chemical analysis of green leaves of
plants.

8. Determination of
(Concentration factors) of plants.

co-efficient

The material is dried in shadow and draft
without genus including 7 pollution
indicators genus. After sample preparation
content mof heavy metal is determined by
Atomic  Absorption  Spectroscopy. For
enhancing the phytoremediation process the
following steps are considered.

- To enhance the speed and quantity of metal
uptakes by plants, some researchers are
advocating the use of various chemicals like
acidifying agents (Blaylocke and Huang,
2000), fertilizer salts (Lasat et al. 1997,
1998) and chelating materials (Blay lock et
al. 1997).

- Soil pH is a major factor influencing the
vailability of elements in the soil for plant
uptake

(Marschenev, 1995).

- Acidifying agents are also used to increase
the/a\\ga,i};lbili\ty of radio active elements in

Int. J. Pure App. Biosci. T (4): 157-161 (2023)

ISSN: 2320 — 7051
by plants roots which provide carbon and
energy for microbial growth. This
combination of plants and micro organisms
used to increase the biodegradation by
compounds.

Plants have the ability to absorb heavy
metals and some other minerals which are
essential for their growth and development
however they accumulate some heavy metals
which are not involved in the biological
functions such as lead cadmium Cobalt
chromium Mercury nickel silver zinc etc.

Plants take heavy metals and degrade them
from toxic to non toxic or useful form and
can directly accumulate toxic heavy metals in
plant part like vacuel and tonoplast.

Proper plant selection

As a plant based technology, the success of
phytoextraction is inherently dependent upon
proper

plant selection. Plants used for the
phytoextraction must be fast growing and
have the ability to accumulate large
quantities of environmentally important
metal contaminants in their shoot tissue
(Blay lock et al. 1994) Researches initially
envisioned using hyper accumulators (Salt
and Kramer, 2000) to clean metal polluted
sites. At present, there are nearly 400
knownm hyper accumulators but majority are
not appropriate for phytoextraction, because
of their slow growth and small size. Several
researches are screened fast-growing, high-
biomass-accumulating  plants, including
agronomic crops, for their ability to tolerate
and accumulate metals in their shoots
(Banuelus et al. 1997).

Types of Vegetation Used
Some of the plants used in phytoremediation

M 4 .

é&\m( \};t\uptake. are:
(< Ay -
(=W om@ 78 of bhytor i - Hybrid Trees
| - Z =, | .
\ % Plant “roots [take contaminants from the - Blue-green Algae
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Phytofitation
Rhizofitration
Blastofiltration
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Phytoimmobilization
Humification
Lignification

Phytocontainment
Phytohydraulics

Phytoaccumulation
Phytaextraction
Phytoconcentration
Phytotransfer
Phytomining

FPhytostimulation
Rhizodegradation
Rhizotra nsformation
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Phytostabikzation
Biominerakzation

Phytosequestration |

Phytovolatilization |
Phytoevaporation '

Phytode gradation
Phytoassimilation
Phytotransformation
Phytoreduction
Phytooxidatian

Rajasthan is the largest state in India
located in the North Western region of
country. it has large variation in climatic
conditions soil and vegetation. The most
geological feature is present so Aravali
range which is one of the most oldest
mountain range in the world.

The Western edit and semi arid zone of
Rajasthan  represents  the  Savanna
vegetation mixer of four distinct phyto
geographical elements is represented in the
vegitation of Rajasthan it total of about
12.48% angiospermic plants of entire
country are found in Rajasthan among them
one percent are ending to state it gives the
figure of 234 in just for mix species among
which one one four are while species and
agro horticulture species.

Contamination of Pb, Zn, Cd, cu, Zn, could
be removed by plant plants such as
acalyphs indica, Cicer

Lantana camara,

th‘@‘”ﬁlla 1 cra sipes,
%QIIS Aty i%‘a zea maize etc.
‘Z' oS .

/

arientinum

ccording to EEA (European

Environment Agency) estimation 1.4 million

areas are contaminated (Puschenreither and
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Wenzel, 2003). Environmental biotechnology
has given rise to an allied discipline called
“bio-engineering”. It is a ‘Green’ (or) ‘Soft”
and alternative to the “hard” and costly Civil
Engineering works for the environmental
restoration and reconstruction. In modern times,
not only the biological organisms are used but
their genetic materials (DNA) too. Modern
biotechnology has made wonders and has
revolutionized and heralded a new era in the
field of environmental management. With the
new biotechnological tools (recombinant DNA
technology, genetic engineering) working at
genetic or molecular level scientists can change
the genetic make up of organisms in which
characteristics are not found naturally. Plant
Enzymes implicated in Phytodegradation and
phytotransformation of organic compounds

In the last few years, several commercial
companies practicing phytoremediation for
environmental clean up in USA and Europe.
Important among them are phytotech (USA),
phyto works (USA), earth care (USA),
bioplanta (Germany), picco plant (Germany),
plant techno (Italy,), Slater (UK), aquaphyte
remediation (Canada).

Role of Environmental biotechnology and

genetic-
Engineering in  improving sceffreseneynon of
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“Transgenic plants™ with enhanced ability for
metal uptake and accumulation for the
removal from environment.

carslﬁcl{iljga%e& g

Environmental biotechnology is a tool to
accumulate the phytoremediation process
through over expression of those genes
responsible for the sequestration of heavy
metals and radio nuclide in plants or through
“genetransfer”. Any appropriate genes of
foreign origin been transferred in plants like
Arabidopsis thaliana, Nicotiana tobaccum,
Brassica  junceae, Brassica olevaceae,
Varbotrytis, Lycopersicon Esculentum etc., to
enhance the phytoremediation efficiency of
these plants.

Many hyper accumulator plants are rare, with
small population occurring in remote places
(or) have restricted distribution. They often
have slow growth rate and produce small
biomass. Such hyper accumulator species
may provide suitable genes involved in metal
uptake, translocation, and sequestration for
enhancing the phytoremediation. If genes
from highly metal tolerant and hyper
accumulator plants are transferred to high
biomass yielding and growing cultivars, this
can do miracle.

Important Achievements

- Transfer of human MT-2 gene to tobacco
(Nicotiana tobaccum) resulted in transgenic
plant with enhanced cadmium (cd) tolerance
and accumulation.

- Transfer of Pea MT gene in Arabidopsis
thaliana resulted in enhanced copper (Cu)
accumulation in the transgenic Arabidopsis
Thaliana.

p. Biosci. T (4

157-161 (%023) ISSN: 2320 — 7051
ransfer of Yeast CUP 1 gene in Cauliflower

(Brassica capitata) resulted in 16-fold higher
accumulation of cd in transgenic Cauliflower (
Eaper et al. 20006).

- Transfer MT gene in Nicotiana spp., Brassica
Spp., Arabidopsis thaliana resulted in highly
tolerant to Cd and other metals.

- Somatic cell hybrid produced between
Brassica junceae (a high biomass yielding
plant) and Thalaspi caeruiescens (a known Zn
and Ni hyper accumulator) showed increased
tolerance to Pb and Ni, Zn and the total amount
of lead phytoextracted was much greater
because of high biomass produced (Dushenkov
et al. 200).

Advantages
1) The cost of the phytoremediation is lower

than that of traditional process both in-situ and
ex-situ

i1) The plants can be easily monitored.

1i1) The possibility of the recovery and re-use of
valuable metals.

iv) It is the least harmful method because it
uses naturally occurring organisms and
preserves the natural state of the environment.

Limitations

1) With plant based systems of remediation, it is
not possible to completely prevent the leaching
of contaminants into the ground water.

i1) The survival of the plant is affected by the
toxicity of the contaminated land and general
conditions of the soil.

1i1) Possible bio accumulations of contaminants
which then passed into the food-chain from
primary level consumers up wards.

S. Plant Name Family References
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Future research direction

Further use of molecular biology expertise to
greater understanding of phytoremediation at
the genetic and molecular level research
objectives in these areas.

1) Probing of the Bio-path ways involved in
contaminant degradation and sequestration.

i1) Identifying the specific genes involved in
phytoremediation process.

ii1) Investigating cell signaling path ways that
affect the genetic expression plant and
microbial enzymes.

1v) Studying the molecular ecology of root-
microbial interactions.

v) Analyzing and identifying root exudates.

Now it has become possible to:

- Create economically valuable and
ecologically adapted crops called transgenic
crops with desired characters.

- Create hyper-accumulator plants which can
tolerate and bio accumulate high levels of
toxic metals.

- Grow thousands of replicas of economically
important plants in shorter time by tissue
culture.

CONCLUSION

A phytoremediation is amenable to a variety of
organic and in organic compounds may be
applied either in-situ or ex-situ.
Phytoremediation is considered to be an
innovative technology and hope fully by
increasing our knowledge and understanding
of this intricate clean up method, it will
provide a cost effective, environment friendly
alternative to conventional cleanup methods.

, t10n Plant physzology

‘ @ - 719.

iKov, S. Skarzhmskayam
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electronic properties of semi conducting nanowires of different
materials. These nanowires have critical role in photovoltaic and
it shapes the future of new and renewable energy. The study has
been performed for different shapes of nanowires. The various
ISSN : 2382-5359(Online), shapes under consideration are 2-atom Linear Nanowire, 2-atom

1994-1412(Print) Zigzag Nanowire, 4-atom Square Nanowire and 6-atom Hexagonal
Nanowire. The findings for electronic properties reveal that 2-atom
linear wire can be conducting as well semi conducting, 2-atom
zigzag wire is conducting for almost all materials, 4-atom square
wire is insulating for most of the materials while 6-atom hexagonal
wire has come out to be insulating for all materials. Hence a
semiconducting material shows conducting, semiconducting and
insulating behavior depending on the proposed shape for various
materials.
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1. Introduction

The present era is era of Science and Technology. In this technological
era the behavior of electronic devices matters a lot. The photovoltaic
has played its critical role in the present industrialization by bridging
the gap between the demand and supply of ever-increasing demand
of electricity. The efficiency of the photovoltaic cell is dependent on
Date of Submission: Mar 10,2023  the semiconducting wire used for its manufacturing. The presented
work revolves around this central idea of efficacy of photovoltaic

Date %emzﬁce Mar 19,2024  cell and has explored the electrical behavior of semiconducting

nanowire which are used in solar cells and has also explored other
CALAE N potential material for the same purpose. The electrical behavior of
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onducting nanowires plays a very critical role for the desired
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output efficiency of such electronic devices. The material like
cadmium sulphide, zinc selenide and cadmium telluride in particular
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nano dimension of these materials then a variation in
electrical as well as other properties is noticed. Exotic
properties were reflected by these miniature structures
at nano-scale and because of this there has been an
urgent need for exploration and investigation of such
structures. The devices made on this technique are
seen to have technical advantages over other devices
based on photolithography. The Review on structural
dependence of electronic behavior of various nanowires
as reported by the researchers in past around thirty
years is the outcome of this proposed work.

From the early eighties of 20" Century, the germanium
and silicon nanowires have been the central spot for
the researchers and thus sufficient experimental work
on these nanowires have already been performed by
various researchers (Li et al. 2003; Tian 2007; Greytak
2004). The work has explored review of electronic
properties of various semiconducting materials as
proposed by many researchers and it also includes
our work in which we have performed the study for

cadmium sulphide, zinc selenide and cadmium telluride.
Cadmium Sulphide is used as buffer layer in the cell
(Kapadnis et al. 2020) and is also used in designing the
photovoltaic cell, Zinc Selenide, which may be used to
improve the absorption coefficient which affects solar
cell (Nisreen et al. 2020) and Cadmium Telluride which
can be used for increasing the efficiency of Solar Cell
(Fardi et al. 2013). The semiconducting nanowires play
a significant role in efficiency of present-day devices
and hence are the material under much explored study.
This has attracted us to explore these materials in terms
of electronic properties and hence we have performed
the review which shall be very critical for future
researchers.

The different atomic arrangements are discussed in the
performed study. The various shapes explored by the
different researchers in this review are: 2-atom linear,
2-atom zigzag, 4-atom square and 6-atom hexagonal
shapes as shown below in Fig. 1.

» I 28

a a b
(a) 2-atom Linear Nanowire

Z-axis
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(d) 6-atom Hexagonal Nanowire

Fig.1. Structures of Nanowires (a) 2-atom Linear
Nanowire (b) 2-atom Zigzag Nanowire (c) 4-atom
Square Nanowire (d) 6-atom Hexagonal Nanowire.

Srivastava (Srivastava et al. 2008) studied Gallium
Nitride by pseudopotential density functional by
using generalized gradient approximation (Perdew
et al. 1996) and proposed that the 2-atom linear wire
reflected semi conducting nature, 2-atom zigzag &
4-atom square wires reflected metallic nature and
6-atom hexagonal wire showed insulating nature.
Materials at lower dimension show different behavior
for Gallium Arsenide was established by a group of
researchers and it was also proposed in their findings
that for 2-atom linear and 2-atom zigzag shapes are
conducting for GaAs whereas 4-atom square and
6-atom hexagonal shapes are insulating (Singh et al.
2009). The same group of researchers employed ab-
initio DFT calculations (Hohonberg ef al. 1964; Kohn
et al. 1965) on Gallium Antimonide and proposed
that the 2-atom linear and 2-atom zigzag shapes are
conducting here also whereas 4-atom square and 6-atom
hexagonal shapes are insulating in nature for GaSb. In
2011, Srivastva (Srivastva et al. 2011) used exchange
correlation potential of Trouiller— Martin (Troullier et
al. 1991) and performed the study on Gallium Phosphide
and proposed that the 2-atom linear & 2-atom zigzag
wires are re ing metallic nature whereas 4-atom

irehave Show
Yu U5 @32»“ ploying 15-k point sampling
for integration—of Brillouin Zone by Monkhorst-pack
method (Monkhorst ez al. 1976) on Zinc Oxide (ZnO)

performed the ab-initio study for electronic behavior,
his study for band structure indicated that 2-atom
linear shape is semiconducting, 2-atom zigzag shape
is semiconducting while 4-atom square and 6-atom
hexagonal shapes are insulating in nature.

We have also performed the ab-initio DFT calculations
and decided to extend the work for II-VI semiconducting
nanowires and choose Cadmium Sulphide (CdS), Zinc
Selenide (ZnSe) and Cadmium Telluride (CdTe). The
selected wires have their unique applications like
ZnSe semiconductor has its unique application as light
emitting diodes (Chen et al. 2005), photo detector
(Vigue et al. 200) & scintillator (Nasieka et al. 2014)
while CdS semiconductor has its unique application as
field emitter (Yi et al. 2007), logic gate (Ma et al. 2007)
and CdTe has its application of being used in solar cells
(Amin et al. 2007).

Our findings for cadmium telluride (CdTe) revealed
that for various shapes the electronic behavior is also
different. The electronic behavior reflected that for
cadmium telluride the 2-atom linear and 2-atom zigzag
wires are semi-conducting in nature while 4-atom
square & 6-atom hexagonal shapes are insulating in
nature (Kaushik et al. 2020). The study for cadmium
Sulphide (CdS) nanowires by us established that
2-atom linear shape is conducting, 2-atom zigzag shape
is semiconducting and 4-atom square shape & 6-atom
hexagonal shapes are reflecting insulating characters
(Singh et al. 2020). The ab-initio study for Zinc Selenide
by us (Kaushik et al. 2020) for electronic properties
reflected that the 2-atom zigzag wire is conducting,
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varying atomic arrangement. The electronic properties
of Organic-Inorganic mixed halides-based perovskites
have been analyzed by density functional theory is also
being performed by us (Sharma et al. 2023) and found
that addition of halogen shifts the energy bands in
band structure which results in change of bandgap for
of Solar Energy Material CH,NH,PbX, (X= I, Br and
CI) Perovskites. A model developed to study the effect
of size and shape on the bandgap of semiconductor
nanomaterials has found that bandgap increases
by decreasing the size and depends on the shape
considered (Paneru et al. 2023). The bandgap variation
are reported (Singh ef al. 2023) for spherical, thin film,
nanowire, regular tetrahedral and regular octahedral
shapes of semiconductor nanosolids. According to
the study shape effect becomes prominent as the form
changes from spherical to regular tetrahedral shape
up to the size limit of 20 nm and concluded that the
bandgap increases on decreasing size to the nanoscale.

2. Computational Details

The structures of the mentioned nanowires have
been explored through Density Functional Theory
calculations (Hohonberg et al. 1964; Kohn et al.1965).
The pseudopotential technique has proven to be a very
dynamic tool for studying electronic properties for

Table 1: Electronic Behavior Table for various Materials.

Material

2-atom linear

different materials (Martin et al. 2009). Most of the
above studies are performed by using ABINIT Code
(Gonze et al. 2002).

3. Results

We have performed the extensive review with the
available existing studies for electronic behavior for
various semiconducting materials. The electronic
properties show a drastic variation when the atomic
arrangement is varied. The behavior of the semi
conducting material under observation has shown all
possible behavior. The detailed findings of the reviewed
literature for electronic behavior are of critical
importance.

The findings for electronic behavior for various
materials as shown below in Table I reflect that 2-atom
linear wire has come out to be conducting as well
semiconducting for various materials depending on
the nature of material, 2 atom zigzag wire has come
out to be conducting for almost all materials other than
cadmium sulphide and cadmium sulphide where it has
shown semiconducting nature, 4-atom square shape
has come out to be insulating for all materials other
than gallium nitride and aluminum nitride where it has
shown conducting nature but 6-atom hexagonal wire
has come out to be insulating in all cases.

Electronic Behavior of Material for Different Shapes

Gallium Nitride (GaN) Semi-conducting Conducting Conducting Insulating
Gallium Arsenide (GaAs) Conducting Conducting Insulating Insulating
Gallium Antimonide (GaSb)  Conducting Conducting Insulating Insulating
Gallium Phosphide (GaP) Conducting Conducting Insulating Insulating
Aluminum Nitride (AIN) Conducting Conducting Conducting Insulating
Zinc Oxide (ZnO) Semi-conducting Conducting Insulating Insulating
Cadmium Sulphide (CdS) Conducting Semi-conducting Insulating Insulating
Zinc Selem)ZnSe) Semi-conducting Conducting Insulating Insulating

Semi-conducting Insulating Insulating
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WY dg N
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analyzed. It 15 conclu ded that the electrical behavior
of the nanowire is critically dependent on shape. A

semiconducting nanowire may possess the conducting,
semi conducting and insulating nature by varying the
atomic arrangement i.c., the electronic behavior can
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	Fig. 1: Adult female Red-necked Phalarope, breeding plumage during male approaching.
	Fig. 2: Adult female Red-necked Phalarope, breeding plumage during grooming.
	Fig. 3: Adult female Red-necked Phalarope, breeding plumage.
	Fig. 5: First arrival of Red-necked Phalarope Phalaropus lobatus (18th  April 2020, Jhapok dam, Sambhar Salt Lake, Jaipur).
	Fig. 6: Females of Red-necked Phalarope Phalaropus lobatus.
	Fig. 8 (A, B): Adult female Red-necked Phalarope, breeding plumage.
	Fig. 9: Breeding pair of Red-necked Phalarope Phalaropus lobatus.
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