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INTRODUCTION

ABSTRACT
Poa leptoclada Hochst. ex A. Rich., collected from Kodaikanal Wildlife Sanctuary, Palni Hills, Tamil Nadu is reported here 
as addition to South Asia. Detailed exo-morphology, distribution and plate are provided.
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The new name Bor (Poaceae) was proposed for a later homonym P. tremula 
Stapf, non Lam. Bor also proposed a new combination of the variety var.  
(Stapf) Bor based on P. tremula var.  Stapf. The names of Bor and 

var. 
their precise application. 

:  India, lectotype, , var. .

 Bor (1949: 239) is widely 
distributed from Iran and Pakistan to the 
Eastern Himalayas, including Nepal and Tibet 
(Clayton et al. 2021) though Zhu et al. (2006) 

be in the absence of any recent collections. 
Zhu et al. (2006) placed this species under 
Poa L. sect. Homalopoa Dumort., which was 
later shifted to Poa subgen. Poa supersect. 
Homalopoa (Dumort.) Soreng & L.J. Gillespie 
(Gillapsie et al. 2007: 432). Zhu et al. (2006) 
stated that  has a close affinity 
with  Steudel (1854: 256) 
and Hook.f. (1896: 343). The 
main difference between  and 

 is that the former one has a 
longer ligule whereas the latter one has a very 
short ligule. In addition,  mainly 

differs from by having lower 
glume shorter than the lowest lemma and leaf 
sheath shorter than leaf blade, whereas, in 

, the lower glume and leaf sheath 
is longer than the lowest lemma and leaf blade, 
respectively.

Stapf (1896) described P. tremula Stapf 
and its variety P. tremula var. 
S tapf .  The species was based on the 
collections mentioned in the protologue as 
“TEMPERATE & ALPINE HIMALAYA; 
from Kashmir, alt. 8–15000 ft., , 
&c., to Garwhal, . WESTERN TIBET; 
Ladak, ”. Stapf also 
indicated the specimens as “P. altaica, 

 (n. 277). P. nepalensis, 
& nemoralis, . 
P. trivialis (1868) 75; 
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Abstract

Poa aitchisonii, P. falconeri and P. wardiana are lectotypified with nomenclatural notes. In absence of proper icons with 
analysis, worked out plant parts of two species from voucher specimens are provided as photoplates. Due to high degree of 
variability and in absence of concrete morphological features to distinguish species, morphological affinities of the three 
species with that of other close species are provided. 

Keywords: India, lectotypification, Poa aitchisonii, P.  falconeri, P. wardiana 

Introduction:

With over 500 species, the Poa Linnaeus (1753: 67) is one of the largest genus within Poaceae. Gillespie & Soreng 
(2005) indicated 575 species of Poa which are distributed worldwide in temperate, boreal, and arctic habitats and in 
many regions a high degree of its endemism is evident. According to Clayton et al. (2020+), 63 species of Poa occur 
in Indian subcontinent of which 13 species are endemic to this region. Bor (1952a, 1952b) reported 49 species of Poa 
in his revisionary work on the genus in India where he included some species which occur nearing the border areas of 
India in other countries (Afghanistan, Bhutan, China, Nepal and Pakistan) to assume that sooner or later these species 
will be recorded from Indian territory as there has no physical barrier to prevent their dispersal. In India, the species of 
Poa, mainly occur in high altitudes of Himalaya, Khashi hills and Western Ghats.
 After a gap of almost 70 years, we have initiated revisionary work on Poa in India under the Flora India Project. 
In the meantime some works (Chowdhery & Wadhwa 1984, Karthikeyan et al. 1989, Gaur & Nautiyal 1995, Gaur & 
Nautiyal 1996, Hajra & Verma 1996, Gaur & Nautiyal 1997, Kandwal et al. 2003, Kandwal & Gupta 2009, Nautiyal 
& Gaur 2017) also focused on the species of Poa in India without sufficient detailing especially for nomenclatural 
issues and typification. Besides, Rajbhandari (1991) also dealt with Himalayan Poa and provided a descriptive and 
illustrative account of the species but did not explicitly cite the type specimens of the names except for few without 
proper justifications. Recently, Kellogg et al. (2020) have prepared a ‘Checklist of the grasses of India’ but it lacks any 
new lectotype designation of the species of Poa.
 The widespread occurrences of apomixis and introgression in Poa make it a taxonomic difficult genus (Bor 
1952a). Soreng (1990) assumed that many species are possibly of hybrid origin. Extensive polyploidy and hybridization 
added to a few useful morphological characters making Poa taxonomically very complicated (Gillespie & Soreng 
2005). Gillespie & Boles (2001) also found significant infraspecific cpDNA variation in some species. Hitherto, no 
morphological basis of classification of Poa of the world is available since no one person involved in the revision 
of the Poa from the world (Gillespie & Soreng 2005). Bor (1952a) proposed 14 sections of Indian Poa based on 
morphological parameters. Gillespie & Soreng (2005) recognized three subgenera within Poa to make the genus 
monophyletic based on a molecular phylogenetic study. They take into consideration only 98 species and significant 
omission of Indian taxa. Consequently, the species of Poa in India are principally unplaced in phylogenies.

sl. no. 03



50

ВОДНЫЕ БИОРЕСУРСЫ И СРЕДА ОБИТАНИЯ ТОМ 3, НОМЕР 4, 2020

Биология и экология гидробионтов

УДК 504.064.36:574

PHYTOPLANKTON-BASED BIOMONITORING IN ASSESSING
THE POLLUTION LEVEL OF A LENTIC FRESHWATER BODY

IN HOOGHLY DISTRICT, WEST BENGAL, INDIA
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Abstract. Phytoplankton is the base of every aquatic food web. During the assessment of the trophic status of the
investigated lentic water body (within Lake City Housing Complex, Mankundu, Hooghly, West Bengal, India),
phytoplankton composition and its temporal variation are proved to be the most important. In this study, 30
phytoplankton taxa have been recorded in various arrangements throughout the season. The maximum number of
phytoplankton species with the highest Shannon–Weaver diversity index value represented the pre-monsoon
season, whereas the least number of phytoplankton taxa and the lowest diversity indicators character ized the
post-monsoon season. The development of algal bloom by one specific taxon, Botryococcus braunii, in the post-
monsoon season indicates the change in the trophic status of this particular water body. As a criter ion for the
beginning of the algal bloom, an exceedance of 1 mg/L in nitrate concentration can be considered. The
phytoplankton composition, values of various diversity indices, its density and species distribution pattern, and
selected environmental parameters have been investigated, as well as the results of the analysis of rank abundance
curves, which allowed for evaluation of the ecological status of this lentic water body. This study describes the
change or shift in the ecosystem of the investigated water body towards eutrophication and establishes its pollution
level as moderate to light.

Keywords: phytoplankton, diversity, biomonitoring, climatic seasons, West Bengal, India
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Improved thermoelectric performance of nanostructured Bi2Te3 fabricated 
by solvent-free mechanical alloying 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Nanostructured Bi2Te3 has been syn
thesized by facile mechanical alloying 
method. 

• Microstructures of the samples are 
characterized by XRD and FESEM. 

• The semiconducting nature of the sam
ple changes to metallic after annealing. 

• Grain growth and associated band gap 
reduction is noticed after annealing at 
573K. 

• About three times increase in thermo
electric figure of merit owing to 
annealing.  

A R T I C L E  I N F O   

Keywords: 
Nanostructures 
Microstructure 
X-ray diffraction 
Thermoelectrics 

A B S T R A C T   

Thermoelectric materials convert waste heat energy efficiently to electricity in an eco-friendly manner. Bi2Te3 is 
a known thermoelectric material, which can convert waste heat and solar energy into electricity in the 200–400 
K temperature range. Bi2Te3 nanocrystals are prepared in powder form by solvent-free mechanical alloying of 
elemental Bi and Te powder mixtures under an inert Ar atmosphere. The crystallite size and composition of the 
Bi2Te3 nanocrystals are analyzed using X-ray diffraction, field-emission scanning electron microscope and 
energy-dispersive X-ray spectroscopy. Thermal and electrical behaviours and the effect of thermal annealing are 
studied on the 10 h ball-milled sample in a physical properties measurement system in the 30–375 K temperature 
range. It is observed that the high-temperature thermal annealing induces significant grain growth, reduces 
lattice strain, along with a reduction of bandgap energy of the mechanically alloyed Bi2Te3 nanostructures. 
Thermoelectric properties and the figure of merit of the nanostructures have improved significantly upon 
thermal annealing. Enhanced thermoelectric performance of the annealed nanostructures has been explained 
considering the change in their thermal conductivity, electrical resistivity, and crystallite size induced by thermal 
treatment.   
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a b s t r a c t

Antimony telluride (Sb2Te3) nanoparticles of different sizes were fabricated by mechanical alloying (MA)
of elemental Sb and Te powers for different durations. The powder nanostructures were pelletized,
annealed in Ar ambient, and characterized by XRD, FESEM, TEM to study the effect of milling time and
thermal treatment on particle size, grain growth, and crystallinity. The annealed and unannealed
pelletized nanostructures were analyzed in a PPMS to study the effect of grain growth on their electrical
and thermoelectric properties. Room temperature electrical conductivity of the p-type semiconductor
nanostructures improved significantly (from ~103 to ~ 105 mho/m) due to thermal annealing and results
in the considerable improvement in thermoelectric figure of merit (ZT). Thermal annealing-induced
grain growth also transforms the semiconducting nature of the sample to metallic. The reduced ther-
mal conductivity of the nanostructures with reduced grain size improves the ZT. The temperature-
dependent Lorenz number (Leffective) is used to find the electronic contribution of total thermal con-
ductivity, and it is explained by the non-parabolic Kane model.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Thermoelectric materials are efficient converters of waste heat
into useable electrical energy due to their high Seebeck coefficients
[1,2]. Thermoelectric figure of merit ZT defines the performance of a
thermoelectric material in converting thermal energy to electricity.
The ZT is defined as, ZT ¼ S2sT/K, where S,s, and K represent the
Seebeck coefficient, electrical conductivity, the thermal conductivity
of thematerial, respectively, and T is the temperature inK [3]. The S2s
term is defined as the power factor. Owing to the demand for alter-
native energy sources, the quest for newmaterials with an improved
figure of merit (ZT) has increased globally at a rapid rate [4,5].

In general, semiconductors are better thermoelectric materials
compared to metals [6]. According to Wiedemann-Franz law [7],
most metals have a nearly constant electrical to thermal conduc-
tivity ratio, and increasing electrical conductivity is difficult
without increasing their thermal conductivity. However, a good ZT
value requires a high electrical conductivity and simultaneously a
lower thermal conductivity. Hence, for metals or metallic alloys, the

only possible way to obtain a significant figure of merit is to have a
high value of the Seebeck coefficient. Unfortunately, most metals
show very small Seebeck coefficients (~10 mV/K), and their ther-
moelectric efficiencies are only fractions of a percent. On the other
hand, semiconductors with comparatively higher Seebeck coeffi-
cient values (~100 mV/K) had drawn strong attention as thermo-
electric materials since 1920 [8]. Low bandgap semiconductors
possess high electrical conductivity, comparable to metals.
Compared to bulk materials, nanomaterials have low thermal
conductivity because of lower lattice thermal conductivity result-
ing from the increased phonon scattering due to smaller grain size
[9e12]. Thus, nanostructured semiconductors of smaller bandgaps
are considered the most favorable thermoelectric materials as they
produce a reasonably higher figure of merit values.

Antimony telluride (Sb2Te3), a low bandgap semiconductor, has
been considered as one of the promising thermoelectricmaterials for
low-temperature applications [13e15]. Nano-structured Sb2Te3 thin
films fabricated by physical vapor deposition [16], metal-organic
chemical vapor deposition [17,18], thermal co-evaporation [19],
flash evaporation [20], electrochemical method [21], ion beam sput-
tering [22], molecular beam epitaxy [23] etc. have shown good ther-
moelectric conversion efficiency. On the other hand, single-phase
Sb2Te3 nanoparticles synthesized by microwave-assisted

* Corresponding author.
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Microstructural, electrical and mechanical characterizations of 
green-synthesized biocompatible calcium phosphate nanocomposites with 
morphological hierarchy 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Ag–Ag3PO4-BCP nanocomposites hy
drothermally synthesized in neem and 
aloe vera media. 

• Epitaxial attachments of metallic phases 
to mesoporous uniaxial BCP nanorods. 

• Biocompatibility and stability up to high 
dosage for 72 h studied on healthy cells. 

• High interfacial polarization and surface 
charge retention ability for 
osteoconduction. 

• Bulk porosity and unique structure- 
dependent dielectric and mechanical 
properties.  

A R T I C L E  I N F O   

Keywords: 
Nanocomposites 
Electron microscopy 
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Dielectric properties 
Impedance 
Mechanical properties 

A B S T R A C T   

The present work reports the development of novel ternary silver-silver phosphate-biphasic calcium phosphate 
nanocomposites by plant-extract mediated hydrothermal route. Unique epitaxial morphological growth of the 
Ag–Ag3PO4 core-shell structure influences the internal grain-grain boundary arrangement. The green-assisted 
development of the constituent phases helps significant biocompatibility enhancement (~89–93% for 50 μg/ 
mL; 72 h). Hence long-term bone-replacement purposes and polar fluid osmosis are favorable due to higher cell 
attachment on the rough surface of the mesoporous nanocomposites. The heterogeneous attachment between the 
three phases creates defect states indicating intense interfacial polarization, as elucidated by the dielectric 
spectroscopic studies. The surface charge essential for bone regeneration is likely to be developed. Besides, the 
porous nanocomposite compacts exhibit superior phase-composition-dependent mechanical (Hardness ~1.3 
GPa; load 4.9 N) and dielectric properties (permittivity ~1.2 × 103; 200 Hz, 613 K) helping in conduction 
through bones. Thus the green-synthesized ternary nanocomposites exhibit the essential aspects of a promising 
bone-implant material.  
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