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Editorial

| am happy to lead a team that brought to fruttion the thied issue of
Spectrum: daence and Technology, The current issue has articles from
information technology, geology and the biological seiences,

Radical changes in cellular connectivity is the felt need across India. One of
the articles dwells on that theme, The other article on information technology
explains the concepl of maching translation. Application of the concept in
India will greatly benefit communication between citizens belonging to

different linguistic groups.

Water 15 an important clement of life on carth. An article deals with the
water resources of Shillong, eitv from the geologist’s point of view. In
another article the authors present their findings on the potability of water of
four major rivers of East Khasi Hills district of Meghalaya. Herbicides,
although important mputs in agnculture, can inhibit growth of beneficial
microarganisms residing in the soil when used indiscriminately. Authors of
one article present their findings on the effect of one such herbicide on soil

bacteria.

Diabetes is a major disease in the country. An article explains the innovative
concept of artificial pancreas, which, I successfully implemented will bring
succour 1o thousands of patients. Our immune system provides natural
defence against infectious agents: the article on regulation of immune system
throws light on a less known regulaiory mechanism. The authors also present
their own perspective on the topic. The pathogenicity of human viruses is a
subject of great interest. The present issue has an original research article on

this subject.




Plant-microbe interactions and microorganisms of potential applications n
biotechnology industry are thrust areas of many research groups around the
world. Three articles focus on those aspects, The biotechnology industry 15
also interested in the discovery of food species that can serve as both
sources of nutrition and of income generation. An article on minor frwits of
Meghalaya and another on eel are relevant 1o those areas,

This science and technology joumnal of St. Anthony's College, Shillong has
been providing authors a platform {o express opinion in their respective
domain arcas and the present issuc has followed that wend. 1 thank the
reviewers for their contribution in improving the quality of manuseripts. [ am
also grateful to members of the editorial board for their valuable inputs, A
special thanks 10 Prof. Thy Answer Challam, Prof. Jeremy N, Syiem. and
Prof, Stevenson Thabah for devoting their valuable time and labour in the
publication stage of this third issue of Spectrum: Science and Technology.

I, on behalf of the editorial board of Spectrum: Science and Technology and
on my behalf thank Rev. Br. Albert L. Dkhar, Principal; Rev, Fr. Joby
Joseph, Vice-Pnncipal and Rev. Fr. Sap Swephen, Vice-Principal for their
support and encouragement at all stages of the publication of the current

issue of the journal.

Dr. M.A, Laskar
Chief-Editor
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1. Notch signal and its emerging role in T cell
biology

Dimpu Gegel'-?, Dipanker Biswas!, Bswajyeti Borkakety’ and logadish
Mahanta'

Abstract

MNotch signaling pathway facilitates short range communication between |
cells. The initiation of Notch signal requires a cell o cell conaet wherein the
ligand binds to the Notch receptor. The MNotch acts both as a receptor and a
transcription factor. The role of Notch signal has been implicated in aff versus
v T cell lineage commitment, and is essentially dissimilar in mice and human.
Notch signal is also necessary for regulation of T cell response and influences T
cell function, In this review, we explain Notch signaling pathway, and
underscore the function of Notch signal in the development and activation of T
cells.

Keywords: Natch signal, @B T cells, ¥8 T cells and effector funchion

Introduction

Several signaling pathways contribute to cellular diversification and guide
them 1o execute its function. The Notch signaling pathway is one among the
meany signals that facilitate short range communication between cells. Notch
gene was discovered by John 5, Dexter in 1914, who observed a mutant in
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Drosophila, which generated sermrations on the wing margin that lends the

name MNotch to the gene. Over the past 35 vears, Notch field has grown
exponentially and 1t 15 now clear that Notch plays an essential role in both
embryonic and adult development. Its function can be found in neuronal
development, stem cell biology, wound healing, angiogenesis, immune
system, etc. Notch signaling activity is necessary for the T cell maturation in
the thymus as well as in regulating effector functions of the matured T cells.
Here, we review our current undersianding of Notch signal and its role in the

development and effector functions of T cell.
The structure of Notch receptor and its ligands

The Noich is ~300 kilodalion transmembrane recepior, which requires ligand
to trigger the signaling event in the cell. The ligand for Notch is alzo
transmembrane protein that binds to the receplor (Lissemore and Stanmer,
1999), There are four isoforms of Notch receptor (Motch 1-4) and five Notch
ligands, three Delta-like (DI, 3 and 4) and two Jagged (Jagl and 2) (Fiuza
and Arias, 2007). Inittally, the Notch receptor is formed as a single big
protein in the cndoplasmic reticulum. Then, m golg, the Nolch receptor
undergoes first cleavage by furin like proease © generate non-covalent
linked heterodimenc MNotch that then migrates 1o the cell membrane {Logeat
et al., 1998), The Notch receptor spans the cell membrane with part of i
mside and part outside (Figure 1) The heterodimeric Notch extracellular
domain (NECD) is composed of arrays of up to 36 epidermal growth factor
{EGF) repeats, involved in ligand interaction. The membrane-tethered Notch
intracellular domain (NICD) includes sets of ankyrin repeats (ANK) flankad
by nuclcar localizing  signals (NLS), RBP-jk associated module (RAM), a

Spectrum: 5cience and Technology. Vol. 3, 2016
55N 2349 7337
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proline, glutamine, serine, threonine-rich (PEST) domain and a

transactivation domain (TAD) (Fleming, 1998; Lubman e/ al, 2004),

Notch receptor 1soforms differ from each other in their extracellular and
intracellular regions. Notch! & 2 have 36 exiraccllular epidermal growth
factor repeats, whereas, Notch3 has 34 and Notchd has 29 repeats. Notchl
and Notch2 are differentiated by the fact that Notchl has a strong TAD
region, while, Notch2 has a weak TAD region, and Notch3 as well as Noichd
lack TAD region (Chillakuri er al., 2012; Thurston er al., 2007). The Notch
ligands are also transmembrane proteins with an extracellular region, a
transmembrane region and an intracellular region (Figure 1). The main
structural difference between the DI and Jag ligands is that the Jag contain a
larger number of EGF repeats in the extracellular region and also insertions
within the EGF repeats (Fiuza and Arias, 2007). In addition, the Jag contain
a cysteine-rich region that is entirely absent from the DIl (Leimeister ef al.,
20040,

The Notch signaling pathway

The initiation of Notch signal requires binding of a ligand to the 29-36
tandem EGF repeats of NECD (Figure 2), The repeats 11-12 of NECD are
required for productive interaction with the ligand presented by neighboring
cells (trans-interactions ). While, the repeats 24-29 of NECD are involved in
cis-interaction with the ligand expressed in the same cell (Kopan and lagan,
2009). Many EGF repeats bind to calcium ions, which play a vital task in
determining the structure and affinity of Notch in ligand binding (Cordle &
al., 2008). These EGF-like repeats can be modified by O-linked glycans at
specific sites. GDP-fucose protein, O-fucosyltransferase]l (POFUTI) adds O-
Spectrum: Science and Technology. Vol. 3, 2016

155N 2349 2937
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fucose which is abgolutely reguired for Motch function (Shao e af,, 2002),

The other part of the Notch, i.e.. NICD is essentially a membrane-tethered

ranscription factor whose release 1s regulated by the ligand binding
(Greenwald and Kovall, 2001 3).

LUE PR SRR ETE I AL

Figure 1: Structure of Moich receptor isoforms and its ligands. The four
MNotch receptors-Motch], Mofch2, Notchd ond MNotchd, share homology with a
difference in epidermal growth factor (EGF)-like repeats (29-38) present in
the Motch extracellvlar domain (MECD). Motch intracellular domain (MICD)
includes sets of ankyrin repears (ANK), nucdear localizing signals [MLS), RBP-jK
ossociated module (RAM), o proline, glutamine, serine, threonine-rich [PEST)
domain and a tronsoctivation demain (TAD). The five membrane ligonds,
Delta like ligand (DII)-1, 3, 4, Jagged (lag)-1 and 2, olse share structurcl
homology, including Delta Serrate and Log2 (D5L domain, followed by o
number of EGF-like repeats [4-18), o cysteine rich region in lag] and Jag?2
and then o membrone-tetherad domain.

The interaction between NECD and any of its ligands result in the shedding
of the ectodemain and exposure of an extracellular metalloprotease site. The
exposed site, thus, becomes susceptible to cleavage by transmembrane
proteases of the ADAM/TACE (a disintegrin and metallopeptidase/tumeor
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necrosis factor-o converting enzyme) family., This cleavage generates a
membrane-tethered intermediate  called Notch extracellular  truncation
(NEXT) that 15 a substrate for y-secretase, a multicomponent member of a
growing family of intramembranc cleaving proteases (1-CLiPs) (Kopan er
al, 1996: Struhl and Adachi, 1998: Wolfe, 2006), Consequently, y-secretase
mediates an additional cleavage at the transmembrane position to release
NICD. The NICD of Notch is released and translocates into the nucleus
where it forms a complex with CSL (CBF |, Suppressor of Hairless, Lag-1)
that activates the transenption of arget genes (Pursglove and Mackay, 2005;
Strubl and Adachi, 1998). To date, many Notch target genes have been
identified and one of the best characierized is the Aairy enhancer of split
(HES) family of transeription factors (Davis and Turner, 2001 ). Other genes
include Hes-relaied repressor protein (Hevp) transeription factor family (1so
et al., 2003), the cell cycle regulator Caimla (Rangarajan et al.. 2001), the
gene for Neich-regulated ankyrin repeai protein (NRARP) (Krebs e al,
2000}y, Deltex (DTX) (Deftos of al., 2000).

This well-documented Notch signaling pathway 15 evolutionary conserved
across species, Recently, non-canonical Notch signaling has also been
demonstrated that oceur independent of CSL (Minter and Osbome, 2012),
The evidence lor non-canonical Notch signaling was also first observed in
Drosophila where it was shown 1o be required for axon guidance (Giniger,
1998}, Subsequently, non-canonical Notch activity was implicated in dorsal
closure during embryonic development which occurs independent of Su(H)
{ Drosophila CSL) (Zecchini er al, 1999). Similary, it was found that that
Motch signal in epithelial transformation does not reguire CSL and therefore
occurs through non-canonical Notch signaling (Lin e af, 2009). In human

peripheral T cells, 1 was observed that Noteh regulates transcription
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independent of CSL by associating with NF-xB proteins, p50, or ¢-Rel (Cho
el al., 2009; Shin er al, 2006). The non-canonical non-nuclear Notch
sigmaling pathway has also been reported that supports survival of the
peripheral T cells and oceurs in the cytosol (Perumalsamy er al., 2009;
Perumalsamy ef al, 2010).

Motch signaling in T cell development and functions

MNotch signaling is required for the commitment of T cell lineage from the
hematopoietic progenitor cells. The Notch has been implicated in the
differentiation of T versus B lymphocytes from a common lymphocyte
precursor and favors differentiation of T cell lineage (Pui &7 af., 1999). Noich
signaling 15 also intimately involved in y8 versus afi lineage decision
{Tanigaki er af.. 2004). It is interesiing to point out that the molecular event
triggering T cell development are essentially different in mice and human
{Figure 1). Several reports in mice suggest that Noteh favors aff T cell
lineage over ¥8 T cell (Nelson er al.. 2011; Pui et al., 1999; Tanigaki er af,
2004; Washbum ef al., 1997). The development of v& T cell from T cell
progenitor cell requires the absence of Notch ligand interaction (Ciofani et
al., 2006). In contrast, there is an opposing functions of Motch signal in aff
versus y6 lineage decision of human. The induction of y-lineage precursor
cell to split off from the progenitor cell requires the presence of Notch signal
in human (Garcia-Peydro er al.. 2003). The high level of Notch activation
generates y5 T cell and to inhibit differentiation towards af} lineage (Van de
Walle er ai., 2009), Hence, these differences in thymic T cell development
between mice and human must be considered when using mouse models as a
basis for understanding aberrations associated with human T cell
development,
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Figure 1: Canonical Notch signaling Pathway. Ligand binding to the Match
extraceliular domain [MECD) brings conformational dhanges in the bound
Motch receptor. This conformationol chonge exposes aomstolloprotease site.
The exposed site is then cleaved by disintegrin and metollopeptidase /fumar
necrosis foctor-O converting enzyme (ADAM/TACE) family. Noich cleovoge
by ADAM generctes the membrane-onchored Motch extracelular truncation
[HEXT) frogment, o substrate for Y-secretase. Thus, Y-secretase cleaves the
Motch trorsmembrane domain to release Motch Intracelivior domain (MICD).
HICD then migrates inte the nucleus where it associates with the DMNA-binding
protenCBF1, Suppressar of Hairless, Loeg-1 [C5L) and act os a transcription
factor after recruiting other co-octivators. In the aobsence of MICD, C5L
associate with ubiquitows co-repressor (Co-R) proteins to repress franscription
of target genes.

The T cells, thus generated in the thymus, then join the pool of matured T
cells wherein their functions are regulated by Notch signal, The aff T cells
consisting of CD4™ and CDE™ T cells are activated by recognizing antigen
preésented to them by antipen presenting cells (APCs) through major
histocompatibility complex-(MHC) class-11 and MHC class-1 respectively in
the presence of co-stimulation. Naive CD4" and CD8™ T cells are known 1o
express Notchl and Notch? receptors on their surface (Amsen ef al, 2004,
Hovne ef al., 2000). The detection of NICD and its Notch target gene-HES)
in stimulated T cells indicate the participation of Notch signaling pathway
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durmg sctivation of T cells {Adler ef al, 2003; Paloga ef af., 2003), It was
also observed that TCR-mediated signaling in both CD4” and CRE™ T cells
induces the activation of Notch signal (Cho er al, 2000: Palaga o af . 2003 ).
The activation of Notch signaling pathway has been shown to be imporiant
for proliferation and IFN-y secretion by aff T cells {(Adler er al, 203).
Recent data showed that Motch signaling potentiates downstream PIIK-
dependent signaling

event that allows CD4" T eell to respond to the antigen (Laky er af, 2005).

-"Hlni

v Mice
H H.rn-'l
u 'I'l'_."'l'-'!‘

. . *ﬂm:‘
. Ilﬁ .
* Husrman

= Mice

Figure 3: Notch signaling in human T cell development differs than that in
mice. Motch signaling ploy o role in T cell fineoge decision ot double
negotive T cell stoge, which is negative for CD4 and CDB co-receptors. |n
human, increased Moich signal results in increased yO T cell development
besides o decreased in Maorch activation makes Gff T cells, However, in mice,
ap T eell Ineage commitmant ints CD4CDE'T cell and then subsequently into
gither CD4*T call or COE'T cell requires o higher level of Norch signol ond
reducing or absence of MNatch signal flavored y0 T cell development

Besides, Notch signaling 15 involved in the expression of effector molecules-
perforin and granzyme B 1o mediate eviolvtic effector function of CDR' T

cells (Cho er af, 2009). It was also shown that Notch2 15 required for
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mediating potent anti-tumor immunity by CDE® T cells (Sugimoto e af,
2010). Furthermore, the formation of shon-lived effector memory CD8™ T
cells is dependent upon the Notch signaling pathway as demonstrated in
Listeria infection and DC vaccination (Mathieu ef al., 2015). Notch signaling
is also essential for Th17 cells that are known to play a role in host defense
against extracellular pathogens and are involved in mediating inflammation.
Notchl was shown 10 be involved in the regulation of IL-17 as well as
RORyt promoters of Thi7 cell (Keerthivasan ef al, 2011). It was shown that
DLL4 enhances differentiation of Th17 cells in a STAT3 dependent manner,
whereas, Jagl inhibits Thi7 differentiation from CD4™ T cells by attenuating
RORyt (Meng er al, 20015, Wang er al. 2015). The Nowch signaling pathway
15 also required for the antigen-specific proliferation of ¥6 T cells and their
ability to kill twmor cells (Gogoi e of, 20014). Thus, Noich plays an
important role in the regulation of different subsets of peripheral T cell
cffector functions. In a recent report, T cell was engineered with the
synthetic Noich receptor and chimeric antigen receptor (CAR) that can
efhiciently kill target cancer cells, without destroyving bystander normal cells
{Rovbal er al, 2016). In effect, synthetic Motch receptor can direct the
engincered T cells to perform duty such as sense cells with one twumor
antigen, but activate the killing program of T cells only when the second
antigen is also present. I

Conclusion

In this review, we have described our current understanding of Notch signal
and its role in regulating T cell fate. Notch signaling is involved in the
regulation of T cell development in the thymus as well as in the activation of
peripheral T cells. The aff versus v lincage commitment is controfled by
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Notch signal and is essentially dissimilar in human and mice. In mice, Notch
signal is necessary for af T cell hneage commitment and inhibits
development towards y8 T cell lincage, whereas, the opposite is true for
human. The Notch signaling pathway is also important in regulating the
effector functions of different subsets of peripheral T cells, Motch signal is
essential in the activation of T cell response to act against the invading
pathegens and cancer. Thus, Notch is playing a vital role in supporting both
the thymic and peripheral life of T cells. The significance of Notch in T cell
functions could have an important implications in clinical situstions where
new strategies for the manipulation of T cells for cancer immunotherapy are
being investigated.
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1. Plant/Microbial Association - Reviewing the beneficial

aspects of interaction
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Abstract

Plants in the environment do not exist in an isolated standalone system.
Microorganisms and plants share evolutionary coexistence that shaped
complex interaction systems. These microorganisms can be classified on the
basis of their historical succession in endosphere and ectosphere regions in
plants which forms different communitics. This association of plant and
microorganisms is influenced by many biotic and abiotic factors which exen
significant effect on the physiclogy and functioning of physiclogical
processes 0f the host, The physiological effects on host are a result of
metabolic regulation induced by its interacting parmer. It has been reponed
that these microbial communities have a role to play in controlling disease,
regulating nutnient acquisition, and also inducing stress tolerance by the
plants. This review highlights some of the factors that are essential for
microbial communities to form plant-microbial associations at different
levels. The impact of microbes in plant development and performance has
i dlso been reviewed which offers significant scopes for sustainable

development in agniculture.

Keywords: rhizosphere, microbiome, endophytes,  symbigsis,
mycorchizel, host
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Introduction

The growth and development of plants is dependent on the supply of
nutrients and water present in seil Vascular plants previously considerad of
independent existence have now widely accepled and evidently reporied to
associate with several microorganisms which greatly influenced their
metabalic growth and development. Many rescarch groups have revealed
important roles performwed by associated microorganisms in the formation or
maodification of soil {Pate er al. 2001; Pate and Verboom, 2009; Tavlor ef al.
2009). de Bary (1887} introduced the term “symbiosis’ to define interaction
between plant and microbe which includes both bemeficial and non-
beneficial interactions. Although the presence of microbes in plants was
initially related to the occurrence of diseases, it is now recognized that the
vast majority of microbial organisms are not cavsal agents of damage in
plants (Mendes er al. 2013). Most microbes inhabiting plant-related niches
have neutral or beneficial roles in plant health and development (Beattic and
Lindow, 1995; Hallmann er af. 1997, Mendes er af. 2013; Philippot er al.
2013}

Boon ei al, (2014) proposed that the best definition of ‘microbiome” would
relate to the set of microorganisms along with their genomes encountered in
association with the host or a defined environment, thus diminishing the
importance of the link between taxonomy and functionality of the microbial
community members. Although the discovery and identification of the
fixation of mirogen during rhizobia-legume interaction was observed in the
19" century (Hellricgel and Wilfarth, 1888) but the majority of the plant
microbiome, and its contribution o the extended phenotype of the host, is
nol yel well defined. Analysis of the plant microbiome involves linking
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microbial ecolegy and the plant host's biology and functioning, and viewing
rmcroorganisms as a reservoir of additional genes and functions for their host
(Vindenkoomhbuyse ef al. 2015), Most of the research on this topic has
focused on the functional roles of single microbial groups {e.g., specific
species or organisms from the same genéra) associated with plants, mostly
because of methodological limitations to assess non-culturable microbial
groups (Amann ef @/, 1995; Andreote er al. 2009).

Microorganisms can affect agricultural productivity by regulating nutrient
availability/uptake and promoting stress tolerance (Doornbos er al. 2011;
Ferrara ef @l 2012; Kavamura et af. 2013). Undertaking to manipulate plant
microbiome for reducing incidence of plant diseases, increasing agricultural
production, reducmg chemical inputs and reducing emissions of greenhouse

gases is vital for sustaining the world’s growing population,
Types of plant-microbial interactions

The spectrum of plent-microbe interactions is highly complex which
comprises of diverse microbial species with potential for forming consortia
(Hirsch, 2004). In this review, emphasis has been given to discuss
rhizosphere (plani rooi-soil interface), phyllosphere (plant serial surfaces)
and endosphere (internal tissues). Microbes in these niches can establish
symbiotic, neutral or pathogenic associations of varving intimacy with their

host plants.

Rhizosphere
Rhizosphere is a region of rich, largely soil-derived, microbial diversity,
influenced by deposition of plant mucilage and root exudates. Root exudates
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contain a variety of compounds, predominately organic acids and sugars, hut
also amino acids, fatty acids, vitamins, growth factors, hormones and
antimicrobial compounds (Bertin e af. 2003). Root exudates arc key
determinants of thizosphere microbiome structure (Shi of af. 2011). Walker
(2003) demonstrated that root tip produces antimicrobial products which
provide a defensive zone around the meristematic and elongating root cells.
Abundance and composition of microbes in rhizosphere therefore influence
oxygen availability (Philippot er al. 2013), organic content, pH and activity
of microbial enzymes (Shi er al, 2011). Rhizosphere-colonizing microbes are
plant-growth-promoting rhizobacteria (PGPR), which act through a variety
of mechanisms { Bloemberg er af. 2001). Free-living nitrogen-fixing bacteria
iAzofmbacter spp.) as well as symbiotic (Rizobivm spp.) fix atmospheric
aitrogen for plant, and many bacteria can solubilize phosphorous-containing
minerals, increasing its binavailability (Tumer ef al. 2013). Many PGPR act
antagonistically towards plant pathogens by producing antimicrobials or by
mterfering with virulence factors vie effectors delivered by type 3 secretion
systems (T358s) (Rewzonico er of 2005), Tumer ef afl. (2013) reported that
fungal antagonist. Prendomonas fuorescens produced entifungal compound
diacetylphloroglucimol (DAPG) which modulates transcription in another
plant-growth-promoting  rhizobacterium,  Azospirillum  brasifense  and
increasing expression of genes involved in wheat root colonization and plant-

growth promation (Combes-Meynet er af. 201 1).

Phyllosphere
By contrast, the phyllosphere is relatively nutrient poor and subject to

extremes [emperature, radiation and moisture, Organisms colonizing the
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external area of the aerial plant tissuee make up the phyllosphere. Although
this term can be used lor any extemal surface of plants, it s commonly
referred to the leaf surtace (Vorholt, 2012). The phyllosphere community 15
composed of fungi (filamentous and yeasts), bacteria, algae, and. at lower
frequencies, protozoa and nematodes (Lindow and Brandl, 2003). Bacterial
communities are the most abundant group in the phyllosphere whose
numbers ranging between 105 and 107 cells per ¢em” (Beattie ¢ al, 1995;
Andrews and Harrs, 2000). Phyllosphere-living organisms are the most
tolerant as they can thrive harsh environmental conditions with limited
nutrients and variable conditions of wind, humidity, UV radiation. pH and
temperature {Andrews and Harris, 2000; Lindow and Brandl, 2003), The
microbial communitics found in the phyllosphere have essential roles in
processes related to plant develapment, for mstance, nitogen fixation,
protecting plants  apainst  invading pathogens and osynthesizing
phytohormones (Jones, 1970; Freiberg, 1998; Brandl er of, 2001; Kishore ef
al, 2005), They can be utthzed m global carbon sequestration processes
(Bulgarelh ef al. 2013). and they can be used as potential sources for the

development of sustainable agricultural practices.

Endosphere

Large and diverse populations of microbes colonize plant tissues without
causing signs of disease and are broadly termed endophyies. Bacterial
endophytes reside either inside the host cells or in the intracellular fluids, and
have been isolated from all plant tissues (Rosenblueth and Martinez-Romero,
2006), They can be considered to sit at the benign end of the spectrum
between mutualists and pathogens (Hirsch, 2004), The presence of non-
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pathogenic organisms inside plants was first described by de Bary (1866) in
microscopically analyzed plant tissucs. This  observation  remained
unexplored uniil the definition of endophytes which was provided by Petrini
{1991} as “organisms that at some part of their life cycle colonize internal
plant tissues without causing apparent harm to the host™. Endophytes are
distinct from rhizospheric bacteria in that they change their metabolism and
become adapted 1o their internal environment {Monteiro ef af. 20012). Tt has
been suggested that microorganisms enter host plants at lateral root
junctions, most likely ot naturally occurring cracks (Figure 1A, B) (Monteiro
et al. 2012), or more passively through natural breaks in roots or root tips
and/or by vegetative propagation {James ef al. 1998).

The presence of endophyvtes has also been described in planis maintained in
vitro, where they seem to be intimately associated with plants rather than

with the culture medium { Almeida er af. 2009; Abreu-Tarazzi er af, 2010).

e : :

Figure 1. Routes of Herbospirilum seropedicoe invasion and
colonization in rice. A, penetrotion point through the lateral root
junction (longitedinal section). B, colonization and establishment in the
intercellulor spaces surrounding the emerging region of lateral root
(tfronsverse section).

Most of the knowledge about endophytic bacteria interactions has come from
well-studied  ‘'model'  organisms, such  as  Adzoarcws,  Burkholdervia,
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Gluconacerobacrer, Herbospiviflim and Klebsieflo spp. which were all
isolated from non-legumes, particalarly grasses (Suarez or ol 2012), High-
throughput sequencing of 165 rBNA has recently been wsed 1o define the

core endophytic bacterial microbiome of 4. thaflana ( Lundberg er of. 2012).

Factors affecting microbial diversity

The factors that influence the microbial compesition include bistic and
abiotic factors, specially the genotype, the phenological stage of the plant,
and some  agnculural  practices  that  influence the physicochemical
charactenstios of the sml. Soil factors such as soil type. nutment availability
and pH can affect indirecily by affecting the nutrient and root exudate

composition.
- Plant genotype

The plant penotype influences the composition of microbial communities

associated with plants through specific metabolic processes (Garbeva er al,
2008; Philippot ef af. 2013). The two halophilic plants used as forage in r
North America, Afviplex canescens and A, torrevd, showed diversity in the "
prevalence of diazotrophic bacteria (Lucero er of, 20011). This is due 1w |

metabolic ditferences observed berween the two plant genotypes.

- Soil

In model plant Arabidopsis tudiang, the diversity in the rhizospheric
macrobaal community 15 mostly determined by the soil composition rather
than the plant genotvpe |Lundberg ef af. 2012) whereas in the phyllosphere
which is less subjected to the high density of microbial inoculum from the
sail, the plant genotvpe seems to have a stronger influence (Dias of of, 2012:
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Rigonato ef al, 2012). Some hypotheses also suggest that clay soil have
stronger influence on thizosphere community (Buyer ef al. 1999), However
the effect of soil may be indirect through plant growth and nutrients.

= Developmental stage

It has been observed that developmental stages of the host plants mfluence
the microtial commaunitics which was caused by plant metabolism during the
life cyele (van Overbeek and Elsas 2008; Chaparra er of. 2014). For instance,
the rhizosphere in maize plants 15 mostly determuined by the developmental
stage of the maize plant rather than its soil type or the genotype. Andreote e
al. (2010) reported that the composition of bacterial communities (bath
rhizosphere and endosphere) in potato was driven by the plant genotype and
the plant developmental stage.

- Physical and chemical changes in matrix

Agricultural practices have a direct impact on the structure of microbial
communities associated with plants, This is due to the change in the physical
and chemical propertiesin the soil matrix, ultimately influencing the way
plants exert selection eriteria for microbiome. In sugarcane {Saccharm
afficinarum), soil chemical fertilization alters the composition of bacterial
communities in cultivated fields (Wallis er af. 2010).

= Microbial interactions

Pathogenic microorganisms  can  alter the composition of microbial
communities in the rhizosphere (Mendes er af. 2011) and in the endosphere
{Aradjo er af. 2002} On the other hand there are reports demonsirating the

ability of beneficial microorganisms to confer resistance of A thaliana to
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pathogenic microorganisms (Mongbn, 20012; van der Ent e ol 2008).
Comprehensive studies on these topics can uncover essenlial components of
plant microblomes or specific stimuli for beneficial groups that are able o

suppress the development of pathogens in plants.

- Hoot secretions

Plant roots release photosynthetic products in soluble form known as root
exudates which consists of free oxygen, ons, enzymes, mucilage, secondary
metabolites ( Uren, 2000), The composition of root exudate varies from plant
to plant (Somers ef af, 2004). Microorganisms capable of metabolizing these
compounds for use as carbon source establish themselves around the roots or
in the rhizosphere. The symbiotically associated bacteria confer many
benetits to host plants and these bacteria are called plant growth promoting
bacteria (PGPBs). Azospirillum, m particular, has been studied extensively
both as a PGPR and as an endophyte and 15 used as a commercial inoculant
to improve yields andior reduce expensive fertilizer use (Bashan 1998;

Hungria f af. 2010; Okon and lesgsohn, 1995),

Effects on host metabolism and physiology

Phytohormone signaling

PGPRs inoculation leads w alterstion in host architecture such as increased
rool har and reduced root length. This is due to phytohormone action which
acts as an interface between plants and microorganism signaling (Spaepen

ef af, 2007; Yuan ef al. 2008).
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Khan and Doty (2009) had shown the rapid generation of roots in sweel
potato inoculated with indole acetic acid (1AA) producing strains. [AA can
be generated in bacteria through different biosynthetic pathways. It was
shown that there was a direct positive effect of [AA produced by
Pseudomonas putida on the root development ( Patten and Glick, 2002).

- Cytokinin

Arkhipova and colleagues (2005) studied the production of different
evtokinins by Bacilfuy subtilis and showed improved growth for letuce
plants (lactnca sativa L.) after inoculation with cytokinin-producing
bacteria,

- Ethylene

Bacteria such as  Psendomonas  spp.,  Burklolderia  carvepliylli,
Achromobacter piechaudii were shown to lower the endogenous ethylene
level in planta by producing a degradative engyme I-aminocyclopropane-| -
carboxylic acid (ACC) deaminase {Mayak ef @/, 20042, b; Shaharoona ef al.
2007).

Mutrient acguisition

Many studies on 'endophytic diazotrophs” (nitrogen-fixing bactena that live
in plants, particularly in grasses) have provided evidences that they express
nif genes and proteins which fix significant amounts of nitrogen (Reinhold e
al. 2011). It has been shown that Brazilian sugarcane plants harbounng N-
fixing endophytes grow well in conditions with low fertilizer inputs showing
no symptoms of N deficiencies (Boddey er al. 2003). Other non-leguminous
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plant species were also shown to benefit from association with diazotrophic
endophyics, such as wheat (Triticeem aestivenm; lmiguez ¢ of. 2004) and rice

((hryza sativa;, James et af. 2002).

It was hypothesized that nutrient uptake by plants increases with increased
root surface area triggered by PGPRs. PGPRs such as Pseudomonas,
Bacillus, and Rhizobinm have been demonstrated to stimulate ion transport
and disselution of insoluble forms of phosphate (Richardson et ol 2009:
Saleh ef al. 2004). Solubilization processes occur through: acidification of
the external medium through the refease of low molecular weight organic
acids {such as gluconic acid) that chelate the cations bound to phosphate, and
production of phosphatases/phytases that hydrolyse organie forms of
phosphate compounds (Miller er af. 2009), Phosphate acquisition from soils
with low concentration of phosphorus can also be enhanced by mycorrhizal
symbioses (Bolan, 1991; Richardson er ol 2009). Nitrogen acquisition can
be upregulated greatly by symbiotic nitrogen fixation which is common in
legumes forming root nodules with rhizobia (Franche ef al. 2009).
Actinorhizal species (e.g., Afmus, Caswaring, Myvrica) form symbiotic Ws-
fixmg nodules (rhizothamnia) with Actinobacteria, and cveads (eg.
Ceratozamia, Macrozamia) form Nz-fixing structures (coralloid roots) with

eyanobactena (Vessey er of. 2005; Franche er al. 2009},

Abiotic stress olerance

The association of plants with microbes has shown to increase plants
resistance to abiotic stresses. Rhizospheric microorganisms affect plant cells
by induction of osmoprotectors and heat shock proteins. Yang er ol (2008)

itroduced the term ‘induced systemic tolerance’ (IST) that is caused by
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PGPRs. According 1o this concept, IST causes physical and chemical
changes in plants, which result in plant tolerance to abiotic stresses.

- ﬂg-m;ght
Girover et al. (2010) proposed that certain microbes may lessen the impact of
soil drought through formation of exopolysaccharides, induction of resistant
genes, increased circulation of water in the plams, synthesis of ACC-
deaminase, indole-acetic acid and proline. PGPRs reduce soil drought
through the following processes:

e Cytokinin production induces abscisic acid accumulation in leaves
which in tum causes closing of stomata (Figeeiredo er al. 2008; it
Yang ef al. 2008)

e Production ol antioxidants 1o degrade active form of oxygen (Yang er
al. 2008)

o Bacteria expresses ACC deaminase enzyme which degrades the
ethylene precursor  l-amino-  cyclopropane- I-carboxylate (ACC)
(Yang ef al. 2008).

- Temperature

The bacterium Burkholderia  phytofirmans PSIN  colonizes  grapevine
residues and cunf'm.tempemturc tolerance against heat and frost through
increases in the levels of starch, proline and phenols (Milosevil, Z008).

- Salinity

Differemt strategies have been used by microorganisms to confer host
tolerance against salinity (Grover er al. 2010), Wheat seedlings inoculated
with bactena produce exopolysaccharides (EPS) which restrict sodium
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uptake and stimulate plant growth under high salimity (cit. Grover et al.
2010). AM fungi play essential role in osmoregulation and proline
production which enhance salinity tolerance in Com, beans and clover (Feng
et al. 2002, cit. Grover er af. 2010).

Phytoremediation

Prytoremediation is the reclamation of pu‘i‘lutn;d land by plants through a

series of processes. Plani-microbe interaction processes can increase
phytoremediation efficiency, reclaiming organic and inorganic metals,
triggering the physiology of the plant and influencing water and metal uptake
1 (Farrar er al. 2014), Burtholderia cepacia has been shown 1o increase the

efficiency of remediarion (Weyens eral, 2009). Plant growth promoting

bacteria (PGPRB) synthesize siderophores which can sequestrate iron from the

! soil to the plant cells. They also solubilize minerals such as phosphorus
making it more accessible w plants for their uptake (Amora-Larkano er af.

2014). The genes involving in polychlorinated biphenyls-degradation have

been isolated in bacteria (Brazil er al. 1995). Idris er al. (2004) investigated

the involvement of endophytes and rhizobacteriain metal uptake by Thlaspi

- goesimgense, a hyper sccumulator of Nickel. Fungi have shown to have
symbiotic relationship with the plants which can be used in the

phytoremediation technology (Khan, 2006). Arbuscular mycorthizal fungi

have been shown to increase uptake of metals (Lizo er al. 2003) and arsenic

(Liu et al. 2005) in plants. Fungi influence the pollutant bicavailability in

three ways:

* Competing with roots and microorganism for metal uptake
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» Protecting roots from direct exposure to pellutant by forming
ectomycorrhizal sheath

o Pollutant transport through increased soil hydrophobieity

Modulation of host resistance and disease protection

Interactions with bacteria can induce two types of plant defense responses:
systemic acquired resistance (SAR) and induced systemic resistance (ISR)
(Wu et af 2009). A major distinction between the two is the involvement of
salicylic acid pathway in SAR and salicylic acid-independent pathway n
ISR, Mendes ef al. (2007) have shown the ability of cndophytic
Burkhalderia spp. to control the growth of the pathogen Fusarim
moniliforme. Other example of plant disease contrel 18 the use of
FPreridomonay strains to induce resistance in apple ( Mulis domestica) against
the pathogenic fungus Ferturia inaequalis, which causes apple scab (Gau er
al 2002). Some pathogenic bacteria rely on signalling molecules for the
development of infection. However, other microbes may degrade these
signalling molecules. Pretreatment  of potato  slices  with  Bacillus
thuringiensic resulted in reduced maceration from Erwinia carofovora
virulence {Dong ef al. 2004) Interestingly, the inoculation of sugarcane and
rice with defined strains of endophytic and/or rhizospheric bacleria,
particularly  Azespirittum,  Bukholderia,  Gluconacetobacter  and
Herhaspirifiums pp. showed induction of plant defense-related genes, such
as resistance (R) genes and leucine-rich repeat (LRR Jcomtaining-receplor-
like kinases { Brusamarello-Santos of al. 2012). Apart from hactena there are
some fungi that contribute to disease protection in plants. Waller et al.
(12005) reported the protective role of Piriformospora indica on barley plants,
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When infected by P indica these plants become resistant to root infection
cavsed by Fusarinm culmorum. Also they induce a systemic resistance in
leaves agamst hiotrophic fungus Blemeria gramanis which causes powdery

mildew in barley.

Future perspectives

The important scope to study plant=-microbial imteraction is © uncover
promising altermative lor the improvement 0 agnicullural sectors, Beter
understanding of the processes and mechanisms of interaction with
microorzanisms will immensely contribute 1o the stability and sustainability
of the ecolepical environment and landscape. Selecting specific tvpe of
plant-microbe interaction svslem 0 suil a particular  agricultural  or
phytoremediation application 15 difficult but would help to explain the
sometimes confounding results from field applications that may result from
varying environment condibons or species specificity. Some microbizl
species and strains could be wsed as model systems for understanding the
molecular mechamisms of plant tolerance and adaptability to stressful
conditions. Scientific endeavors on available technigues and continual
improvisation should be taken in order to address the complexity of this

netacork,

Spectrum: Scence and Technology, Vol 3, 2016
[55N 2349 2937




References

Abreu-Tarazi, M.F., Navarrete, A A, Andreote, F.D., Almeida, C.V., Tsai,
S.M. and Almeida, M. (2010) Endophytic bactenia in long-term in
vitro cultivated axenic pineapple microplants revealed by PCR
DGGE. World J Microbiol and Biotechnol, 26: 555-560.

Almeida, C.V., Andreote, F.D., Yara, R., Ossamu, F.A., Azevedo, J.L. and
Almeida. M. (2009) Bacteriosomes in axenic plants: endophyies as
stable symbionts. World J Microbiol and Biotechnol, 25: 1737-1764.

Amann, R, Ludwing. W. and Schieifer, K.H. (1995) Phylogenetic
identification and n situ detection of individual microbial cells
without cultivation. Microbiol Rev, 59: 143-169.

Amora-Lazkano, E., Goerrero-Zifiiga, LA, Rodnguez-Tovar, A. and
Vasquez-Murrieta, M.S. (2014} Rhizospheric  plant-microbe
interactions that enhance the remediation of contaminated soils,
URL: http://www. formatex.info/microbiology2/251-256. pdf.

Andreote, F.ID, Azevedo, JL. and Aradjo, W.L. (2009) Assessing the
diversity of bacterial communities associated with plants. Brazilian J
Microbiol, 40: 417431,

Andreote, F.D., Rocha, UN, Aradjo, W.L., Azevedo, J.L. and van
Overbeck, LS. (2010) Effect of bacterial inoculation, plam genotype
and developmental stage on root-associated and endophytic bacterial
communities in potate (Solanum tuberosum). Antonmie Van
Leeuwenhoek, 97: 389-199,

Spectrum: Science and Technology. Vol. 3, 2016
(AN 2349 2037




A0y

Andrews, JH. and Harris, RLUF. (2000) The ecology and biogeography of
microorganisms on plant surfaces, Annu Rev Phytopathol, 38: 145-

| 5i)

Arago, W.L.. Marcoen, 1., Maccheroni Jr, W., van Elsas, J.I)., van Vuurde,
IWL. and Arevedo, LL. (2002) Diversity of endophytc bactenal
popalations and their interaction with Xulella fastidiosa in citrus

plants. Appl and Emviran Microfiod, 68: 4906-4914.

Arkhipova, T.N., Veselov, SU., Melentiev, A.l, Marynenko, E.V. and
Kudoyarova, G.R. (2005) Ability of bacterium Bacilfuy subiilis 1o
produce cytokinins and to control of plant diseases: the history and

evolution of current concepts. Plant Dis, 87: 4-10.

Bashan, Y. {1998) Inoculants of plant growth-promoting bacteria for use in

agriculture. Biotechino! Adv, 16:729-770

Beattie, (.A. and Lindow, SE. (1995} The secret life of fohar bacterial

pathogens on leaves. Annu Rev Phytopathol, 33: 145-172,

Bertin. C., Yang, X.H. and Weston, LA, {2003) The role of root exudates

and allelochemicals in the rhizosphere. Plant Soil, 256: 67-83.

Bloemberg, G.Y. and Lugtenbere, B.1J. (2001) Molecular basis of plant
growth promotion and biocontrol by rhizobacteria. Curr Opin Plant

Biol, 4: 343-350.

Boddey, R. M., Urguiaga, 5., Alves, B. 1. R. and Reis. V., (2003). Endophytic
nitrogen  fixation in sugarcane: present knowledge and  future

applications. Plant Soil, 252 130-149.

Spectrum: Science and Technology. Vol. 3, 2016
LE5N 2342 2837




a1

Bolan, N.5. (19911 A cntical review on the role of mycorrhizal fungi in the
uptake of phosphorus hy plants, Plant Soil, 134: 188207

Boon, E.. Mechan, CJ., Whidden, C.. Wong, D.H.J, Langille, M.G.1. and
Beiko, B.G. (2014} Imteractions in the microbiome: communities of
organisms and communities of genes. FEMS Microbiol Rev, 38: 90-
118.

Brandl, M.T.. Quinones. B, and Lindow, S5.E (2001} Heterogeneous
transeription of an indole acetic acid biosynthetic gene in Erwinia
herbicola on plant surfaces, PNAS USA, 98; 3454-1450.

Brazil, G.M., Kenefick, L., Callanan, M., Haro, A, de Lorenzo. V. and
Dowling M. {1995) Construction of & rhizospbere pseudomonad
with potential to degrade polychlorinated biphenvls and detection of
bpf gene expression in the rhizosphere. Appl Environ Microbiod, 61:
1946- 1952,

Brusamarelio-Santos, L.C.C.. Pacheco, F., Aljanabi, S.M.M., Monteiro,
R.A. Cruz, LM.. Baura, V.A., Pedrosa, F.O., Souza, E.M. and
Wassem, R. (2012) Differentinl gene expression of rice roots
inpculated with the diazotroph Herbaspirilium seropedicae. Plant
Soil, 356: 113-125,

Bulgarelli, I, Spaepen, 5.5.. Themaat, EV.L. and Shulze-Lefen, P. (2013)
Structure and function of the bactenal microbiota of plants. Annu
Rev Plant Biol, 64: B07-838.

Spectrum: Science and Technology. Vol. 3, 2016
155N 2349 2937




 —————————

A2

Buyer, J5., Roberts, D.P. and Russek-Cohen, E. (1999) Microbial
community structure and function in the spermosphere as affected by

soil and seed type. Can J Microbiol, 45: 138-144.

Chaparro, J.M., Badri, D.V. and Vivanco, JM. (2014) Rhizosphere
microbiome assemblage is affected by plant development. ISME J, §:
TO0-803.

Combes-Meynet, E.. Pothier, LF.. Moenne-Loccoz, Y. and Prigent-
Combaret, C. (2011) The Fseumdomonas secondary metabolite 2, 4-
diacetylphloroglucingl is a signal inducing rhizoplane expression of
Azaspirillum genes involved in plant-growth promotion. Mol Flant
Microbe Interact, 24:271-284,

de Bary, A. (1887) Comparative Morphology and Biology of the Fungi,
Mycetozoa and Bactena, English Translation. Oxford: Clarendon
Press, London & New York.

de Bary, A. (1866) Morphologie und Physiologic Pilze, Flechten, und
Myxomyeeien, Hofmeister's Handbook of Physiological Botany.

Engelmann, Leipzig, Germany,

Dias, A.C.F., Taketani, R.G.. Andreote, F.D., Luvizono, D.M., Silva, LL.,
MNascimento, R.S. and Melo, LS. (2012) Interspecific variation of the
bacterial community structure in the phyllosphere of the three major
plant components of mangrove forests. Brazilian J Microbiol, 43:
5 3-660.

Dong, ¥.H., Zhang, X.F., Xu, JL., and Zhang, L.H. (2004) Insecticidal

Bacillus thuringiensis silences Erwinia carotovora virulence by a new

Spectrum: Science and Technology. Vol. 3, 2016
(55N 2349 2937



43

form of microbial amtagomism, signal interference. Appl Environ
Microbiol, 70; 954960,

Doombos, R.F,, van Loon, L.C. and Bakker. PH.M. (2011} Impact of root

exudates and plant defense signaling on bacterial communities in the

rhizosphere: a review. Agron Sustain Dev, 32: 227-243.

Farrar, K., Bryan, I, and Selby, N.C. (2014) Understanding and engineering
beneficial plant-microbe interactions: plant growth promotion in

energy crops. Plant Biotechnol, 12: 1193-1206.

Feng. G., Zhang, F.S., Li. XL, Tian, C.Y., Tang, C. and Rengel, Z. (2002)
Improved tolerance of maize plants to salt siress by arbuscular
myveorrhiza is related to higher accumulation of soluble sugars in

roots. Mycorrhiza, 12:185-190.

Ferrara, F.[.D., Oliveira, Z.M., Gonzales, H.ILS., Floh, E.LS. and Barbosa
HR. {2012) Endophytic and rhizospheric enterobacteria isolated

from sugar cane have different potentials for producing plant growth-
promaoting substances. Plant Soil, 353: 409-417,

Figuciredo, M.V B.. Burity. H.A.. Martincz, C.R. and Chanway, C.P. (2008)
Allevation of water stress effects in common bean (Phaseolus
vulgaris L.} by co-moculation Paenibacillus polymyxa and
Rhizobinom tropici. Applied Soil Ecol, 40: 1§2- 188,

Franche, C., Lindstrim, K. and Elmerich, C. (2009) Nitrogen-fixing bacteria
agsociated with leguminous and non-leguminous planis. Plamt Soil,
321:35-39,

Spectrum; Science and Technology, Yol, 3, 2016
155N 2349 2537




44

Carbeva, P., van Elsas, JD. and van Veen, JA. (2008) Rhizosphere
microbial community and its response 1o plant species and soil

history, Planr Soif, 302-313.

Grover, M., Ali, 5.Z.. Sandhva, V.. Rasul, A. and Venkateswarlu, B. (2010}
Role of microorganisms in adaptation of agriculture crops (o abiotic

siress, World J Microbiol Brofechnol, 345-352,

Gaun, AE. Dietrich, C. and Kloppstech, K. {(2002) MNon-invasive
determination of plant-associated baciena in the phyllosphere of
plants. Emviron Microbiol, 4: T44-752.

Hallmann, J., Quadi-Halimann, A., Mahaffee, W.F, and Kloepper, LW,
( 1997) Bactertal endophytes in agricultural crops. Can J Microbiol,
43: BO5-014.

Hellrieger, H. and Wilfrath, H. (18EB) Untersuchungenuber die
Sticksioffnahrung  der Gramineen und Leguminosen.

Buchdruckereider der Post Kavssler & Co, 1-262.

Hirsch, AM. (2004) Plant-microbe symbioses: a continuum  from

commensalism o parasitism. Symbiosis, 37 345-363,

Hungria, M., Campo, R.L., Souza, EM. and Pedrosa, F.0. (2010) Inoculation
with selected strains of Azospiriflum brasifense and A. lipoferum
improves yields of maize and wheat in Brazil. Plawy Soil, 331 413-
425,

Idris, R.. Trifonova, R., Puschenreiter, M., Wenzel, W. W, and Sessitsch, A.

{2004} Bacterial communitics associated with flowening plants of the

Spectrum: Science and Technology. Vol. 3, 2016
IS5N 2349 2337



a5

Ni hyperaccumulator Fhlaipi goecingense. Appl Envivon Microhinl,
70 2667-77,

Imiguez, AL, Dong, Y M. and Triplett, EW. (2004) Nitrogen fixation in
wheat provided by Klehsiella prewmoniae 342, Mol Plant-Microbe
Imreract, 17 10OTE=-1085,

James., E.K. and Olivares. F.L. (1998).Infection and colonization of sugar
cane and other graminaceous plants by endophyvtic diazotrophs. Critl

Rev Plant Sci, 17 77-119.

James, E.K., Gyaneshwar, P, Mathan, N., Barraguio, Q).L., Reddy, P.M. and
lannctta, P.P.M, (2002) Infection and colonization of noe seedlings
by the plant growth-promaoting bacterium Herbaspinllum seropedicas

Z67. Mol Plant-Microbe [nteract, 15: 894-806.

Jomes, K. {1970) Nitrogen fixation in phyllosphere of Douglas Fir
Pseudosuga douglasi. Annals of Botany, 34: 239-244

Kavamura, V.M., Santcs, SM., Silva, J.L., Parma, MM., Avila, LA,
Visconti, A.. Zucchi. T.D., Taketani. R.G.. Andreote. F.DD. and Melo.
L.5. {201 3) Screening of Brazilian cacti thizobacteria for plant growth

promation under drought. Microbiol Res, 168: [83-191,

Khan, AG. (2006) Mycorrhizoremediation - an enhanced form of
phyioremediation. 1 Zhejiang Univ 5c1 B, 7: 303-14,

Khan, Z. and Doy, S.L. (2000} Characterization of bacterial endophytes of

sweel potato plants. Planr Soil, 322 197-207.

Spectrum: Science and Technology. Vol. 3, 2016
158 2349 2937




———————————————————

1]

Kishore, G K., Pande, 5. and Podile, A.R. (2005) Biological control of late
leal” spot of peanut (Arachis hypogaea) with chitinolytic baciena.

Phytopathol, 95 1157-1165,

Liao, J.P., Lin, X.G., Cao, ZH., Shi, Y.Q. and Wong, M.H. (2003)
Interactions between arbuscular mycorrhizae and heavy metals under

sand culwre experiment. Chemospiiere, 300 B4T-853,

Lindow, S.E. and Brandl. M.T. (2003) Microbiology of the phyllophere.
Appl Environ Microbiol, 69: 1875- 1883,

Liv, ¥., Zhu, ¥ (i, Chen, B.D,, Christie, P. and Li, X. L. (2003) Influence of
the arbuscular mycorrhizal fungus Glomus mosseae on uptake of
arsenate by the As hvpersccumulator fem  Preris  wittara L.

Myveorrhiza, 15: 187-192.

Lucero, M.E., Une, A., Cooke, P.. Dowd, 5. and Sun, 5. (2011} Endophyte
microbiome diversity in micropropagated Arriplex canescens and

Arreipfex torreyi var griffitheli. PLoX One, 6: 76-93,

Lundberg, D.5.. Lebeis, S.L.. Parcdes, S.H., Yourstone, 5. Gehring, 1.,
Malfatti, 5., Tremblay, J., Engelbrektson, A, Kunm, V., Rie, T.G.,
Edgar, R.(C_, Ewckhorst. T.. Ley, RE. Hugenholtz, P, Tringe, 5.0
and Dangl, J.L. (2012) Defining the core Arabidopsis thaliana root

microbiomee, Nat, $H5; Bi-ti,

Mayak, 5., Twosh, T. and Ghek, B.R. (2004a) Plant growth-promoting
bacteria that confer resistance 0 water siress in tomatoes and

peppers, Planr Sci, 166: 525-530,

Spectrum; Science and Technaology, Yal. 3, 2016

PR D OAG RSP



47

Mayak, S.. Tirosh, T. and Glick, B.R. (2004b) Plant growth-promoting
hacteria confer resistance in tomato plants 1o salt stress. Plant Plysiol

Biochemn:, 42; 565-572,

Mendes, R., Garbeva, P. and Raaijmakers, JM. (2013) The rhizosphere
microbiome: significance of plant beneficial, plant pathogenic, and
human pathogenic microorganisms. FEMS Microbiol Rev, 37: 634-
Hind.

Mendes., R., Pizzirani-Klciner, A.A., Araijo, WL, and Raaijmakers, J.M
(2007) Diversity of cultivated endophytic bacteria from sugarcane.
genetic and biochemical characterization of Burkholderia cepacia

complex isolates. App! Environ Microbinl, 73: 7259-7267.

Mendes, R., Kruijt, M., Bruijn, I, Dekkers, E., van der Voort, M., Schneider,
IHM.. Piceno, Y.M., Santis, T.Z. Andersen, G.L. Bakker,
P.A.H.M. and Raaijmakers, J.M. (2011) Deciphering the rhizosphere

microbiome for disease-suppressive bacteria. Sei, 332: 1097-1100.

Miller, 5. H., Browne, P., Prigent-Combaret, C., Combes-Meynet, E.,
Morrissey, J. P. and O'Gara, F. (200%), Biochemical and genomic
comparison of inorganic phosphate solubilisation in Pseudomonas

species. Environ Microbiol Rep, 2: 403-411.

Milogevic, N, (2008) Mikroorganizmi - bioindikatorizdravlja f
kvalitetazemljista, Zbhornikeadova Institur za ratarsive | paveiarsive,

45: 505-515

sMoniciro. F.A.. Balsanelli, E., Wassem, R., Marin, A.M., Brusamarello-

Santos, L.C.C., Schmidt, M.A. Tadra-Sfeir, M.Z., Pankievicz,

Spectrum: Science and Technology. Wol. 3, 2016
(554 2349 7937




48

V.CS., Cruz, LM, Chubatsu, LS., Pedrosa, F.O, and Souza, EM.
{2012y Herbaspirillum-plant interactions: microscopical, histological

and molecular aspects, Plant Soil, 356: 175-196,

Mongbn, P.L. (2012) Plant defence response in beneficial plant/microbe

interactions. J Endocyt Cell Res, 70-K1

Okon, Y. and ltzigsohn, R. (199%) The development of Azospinllum as a
commercial inoculant for improving crop yields. Biotechnol Adv, 13:
415-24.

van Overbeek, L. and van Elsas, 1.D. (2008) Effects of plant genotype and
growth stage on the structure of bacterial communities associated
with potato {Solanum tuberosum L. ). FEMS Microbiol Ecol, 64: 283-
205,

Pate, 1.5, and Verboom, W.H. {2000} Contemporary biogenic formation of
clay pavements by eucalypis: further support for the phytotarium

concept. Annals of Botany, 103: 673-633

Pate. 15., Verboom, W.H. and Galloway, P.D. (2001) Co-occurrence of
Proteaceae, laterite and related ohgotrophic  soils:  coincidental

associations or causative inter-relationships? Aust J Bot, 49: 529-560,

Patten, C.L. and Glick, BR. (2002) Regulation of indole-acetic acid
production in Pseundomonas putida GR12-2 by tryptophan and the

sighonary-phase sigma factor RpoS, Can J Microbiol, 48; 635-642,
Petrimi, ©O. (1991} Fungal endophytes of wee leaves. Microbiol Ecof, 179-

197,

Spectrum; Science and Technology. Val. 3, 2016
550 F349 2937




a9

Philippet, L., Raaijmakers. J.M.. Lemancean, P and van der Punten, W_H.
{2013) Gong back to the roots: the microbial ecology of the
thizosphere. Nat Rev Microbiol, 11: 789-799,

Rerronico, F., Binder, C., Delago, (. and Moenne-Loccoz, Y. (2003) The
type 111 secretion system of biocontrol Psendomonas fluorescens KD
targeis the phytopathogenic chromista  Pythive  wltimum and
promates cacumber protection. Mol Plant-Microbe Interact. 18: 991-
[ (],

Reinhold-Hurek, B. and Hurek. T. (2011) Living inside plants: bacterial
endophytes. Curr Opin Plant Biol, 14: 435-443.

Richardson, A. E., Barea, I. M., McNeill, A. M. and Prigent-Combaret, C.
(2009} Acquisition of phosphorus and nitrogen in the rhizosphere and

plant growth promotion by microorganisms. Plant Soil, 321: 3035-339.

Rigonato, J.. Alvarenga, D.O., Andreote, F.D.. Dhas, A.CF. Melo, LS.
kent, A, and Fiore, M.F. (2012) Cyanobacterial diversity in the
phyllosphere of a mangrove forest. FEMS Microbiol Ecal, R0: 312-

322,

Rosenblueth, M. and Martinez-Romero, E. (2006) Bacterial endophyies and
their interaciions with hosts, Mol Plant-3icrobe Infcract, 19 227
KT,

Saleh, 5., Huang, X.D., Greenberz, B.M. and Glick. B.R. (2004)
Phytoremediation of persistent organic contaminants in  the

enviromment, Soil Biol, 1: 115-34,

Spectrum: 5cience and Technelogy. Val. 3, 2016

55N 23485 2937
AR




50

Shabarocna, B., Jamwo, G.M., Zahir, ZA., Arshad, M. and Memon, K.5.
(2007 Effectiveness of varous Psedomonas spp,. and Burkholderia
carvopiyili comaming ACC-deaminase for improving growth and
yield of wheat (Triticum agestivam L.y J Microbiol Biotechnal, 17:
1 300-1307.

Shi, 8.1, Richardson, A.E., O'Callaghan, M., De Angelis, K.M., Jones, E.E.,
Stewart, A, Firestone, MLK. and Condron, LM, (2011 Effects of

selected root exudate components on soil bacterial communities.
FEMS Microbiol Ecol, 77: 600-610,

Somers, E., Vanderleyden, ). and Snonivisam, M. (2004) Rhizosphere
bacterial signaling: a love parade beneath our feet. Crit Rev
Microbiol, 30: 205-240.

Spaepen, 5., Vanderleyden, J. and Remans, R. (2007). Indole-3-acetic acid in

microbal and microorganism-plant signaling. FEMS Microbiol Rev,
30 425-443,

Suarez-Moreno, ZR., Caballero-Mellado, )., Coutinho, B.G., Mendonca-
Previato, L., James, E.K. and Venturd, ¥, (2012} Common features of
environmental  and  potentially  beneficial  plant-associated

Burkholderia. Microb Ecol, §3: 249-266,

Taylor, L.L., Leake, J.R., Quirk, J., Hardy, K., Banwarts, 5.A. and Becrling,
D). (2009} Biological weathering and the long-term carbon cyele:
I integrating mycorrhizal evolution and function into the current

paradigm. Geobiol, 7: 171-191.

Spectrum: Science and Technology. Val. 3, 2016
155N 2349 7937




51

Turner, E.R., James, E.K. and Poole, P.5. {2013} The plant microbiome,
Crenome Baol, 14; 209,

Uren, N.C. (2000) Types, amounts and possible functions of compounds
released into the rhizosphere by soil grown plants. The Rhizozsphere:
Biochemistry, and Organic Substances at the Soil Interface (Pinton R,
Varani £ &Nanniperi P, eds), pp. 19-40. Marcel Dekker Inc., New
York.

Vandenkoornhuyse, F., Quasir. A., Duhamel, M. and Van, A.L. (2015)
Importance of microbiome of the plant holobiont. New Phytol, 206;
| 196-1206.

van der Ent, 5., Verhagen, B.W., van Doorn, F., Bakker, D., Verlaan, M.G.,
Pel, ML, Joosten, R.G., Provenicrs, M.C., Van Loon, L.C., Ton, .
and Pieterse, C.M.1. (2008) MYBT2 15 required in early signaling
steps of rhizobactenia-induced syvstem resistance in Aratndopsis. Plant

Physiol, 146: 1293-1304,

Vessey, LK., Pawlowski, K. and Bergman, B. (2005) N2-fixing svmbiosis:

legumes, actinorhizal plants, and cycads. Plant Soil, 274; 51-78.

Viorholt, J.A. (2012) Microbial life in the phyllosphere. Mat Rev, 10: 82%.
Edil,

Waller, F., Achatz, B., Baltruschat, H., Fodor, )., Becker, K., Fischer, M.,
Hewer, T., Hickelhoven, R., Neomann, C., von Wetstein, D,
Franken, P. and Kogel K.H. (2005) The eandophytic fungus
Piriformospora indica reprograms barley to salt-stress tolerance,

disease resistance, and higher yvield. PNAS USA, 102: 13386-13391.

Spectrum: Science and Technology. viol. 3, 2016
LIN 1349 7337



=

Wallis, P.D).. Haynes, R.J.. Hunter, C.H. and Mormns, C.0. (2010) Effect of
land use and management on soil hacterial biodiversity az measured
by PCR-DGGE. Appd Soil Eeol, 46; [47-1510,

Walker, T.8. (2003) Root exudation and rhizosphere biology, Plamr Physiol,
132: 44-51.

Weyens, M., van der,Lelie, D, Taghavi, 5. and Vangronsveld, J. (2009}
Phvtoremediation: plant-endophyle partnerships take the challenge.

Curr Opin Biotechnol, 200 1-7,

Wu, L, Ma, K. and Lu, Y. (2009) Prevalence of beta protechacterial
sequences m mifH gene pools associated with roots of modern rice

cultivars. Microb Ecol, 37: 35-68.

Yang, J.. Kloepper. J. and Ryu. C. M. (2008) Rhizosphere bacteria help

plants tolerate abiotic stress, Trends Plan Sci, 14: 1-4

Yuan, £, Liw, P, Saenkham, P., Kerr, K. and Nester, EW. (2008)
Transcriptome profiling and functional analysis of Agrobactenum
tumefaciens reveals 4 general conserved response to acidic conditions
ipH 5.5) and a complex acid-mediated signaling involved in

Agrobactenum-plant interactions. J Bacteriol, 190; 494-507.

Lpectrum; Science and Technology. Viel. 3, 2015
JSEN 2340 2937




e ——

53

4, High prevalence of Torque Teno Virus in Arunachal

Pradesh of Morth-Eastern India

Kaushal Yadavd , Biswa|yoti Borkaketyd, Dipankar Biswas?, Chandre Kanta
Bhattacharyed, Arup Kumar Das” and Jogadish Maohantal

Abstract |

Torque teno virus (TTY), a circular DNA virus is found in the plasma of |
over 80% of people worldwide, however its prevalence varies from place to
place. At present, the epidemiology of TTV in India is preliminary, with no

documented  studies  from  northeastern  region.  Undersianding the .
epideminlogy of TTV 15 important for clanifving the endemicity and
pathogenic potential of the virus which is mostly neglected. The present

study was aimed 1o get baseline information on the prevalence of TTV in the

general community as well as in patients with hepatitis B virus (HBY). The
stly  group comprised of pabents infected wih HBY and healthy |
ndividuals without any underlying disease. All the subjects belonged to
\runachal Pradesh, a state of northeast India. dominated by indigenous tribal
population, TTV DNA was detected in sera of collected specimens by semi-
nested PCR utilizing primers targeting 5 untranslated region of TTV, TTV
was detected in §E.6% (93/105) of HBV infected individuals and ®3.5%
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(106/127) in healthy individuals, TTV prevalence mn pediairic age group
(<15 years) was found to be 80% in healthy subjects. The study for the first
time documents the high prevalence of TTV in a tribal community of India
which seems to he acquired early in childhood. Although, the study detected
very high endemicity of TTV in Arinachal Pradesh, it appears to be a silent

bystander than a potential pathogen.

Keywords: TTV, Torgue feno virus, HBY, Neorfheast India

Introduction

Torque teno virus (TTV), earlier known as transfusion transmitied virus, 15 a
non- anwveloaped and clreuloe TRLA wiros (3 6-3 Okky of neqative polanty
(Mushahwar et. al., 1999}, The genome is divided into coding region (2.8kb)
and an uniranstranslated region of approximately 1.2kb. It was first isolated
from a Japanese patient with post transfusion hepatitis of unknown etiology
(Mishizawa et al., 1997).

Worldwide, information regarding epidemiology. endemicity and pathogenic
potential of TTV is limiting including the Indian sub- continent. Arunachal
Pradesh, onc of the seven northeastern states of India, 1s mostly inhibited by
iribal populations of diverse ethnic origins. Earlier studies have reported that
hepatitiz B s endemic to Arunachal Pradesh with prevalence ranging from
R.6% to 21% (Prasad, 1983: Biswas, 2007). Since TTV also shares common
maode of transmission with HBY, it is hyvpothesized that the former may also
be present in the community of Arunachal Pradesh along with HBV;
however, there is no documented study to clarify the same. In absence of

adequate information on the epidemiology and the pathogenic potential of
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TTV, the prime objective of the present study was to get baseline data
regarding the prevalence of TTV in the general community as well as in high

nsk population such as patients with HB'V in the present setting.

Materials and methods

Patients and samples: Patients with hepatitis B virus infection were
recruited by conducting hepatitis B mass screening at selected places in
Arunachal Pradesh dunmng 2012-2014. Patients hailing from Arunachal
Pradesh, visiting or admitted 0 major hospital in Dhbrugarh district of Assam
were also enrolled. Confirmation of HBY infection was based on the sero-
positivity of hepatitis B surface antigen (HBsAg) and antibodies to hepatitis
B core antigen {anti-HBc).The subjects (from Amnachal Pradesh) found
negative for HBV and other hepatotropic viruses such as Hepatitis C (HCV)
and without clinical history of any chronic diseases served as apparently
healthy control, About 5 ml of venous blood samples were collected in
sterile KaEDTA wials (BD, Sparks. USA) by trained phlebotomist from
enrolled subjects with prior informed consent.

Laboratory assays: The plasma specimens were processed for serological
investigations such as markers of HBYV, HCV, HIV using enzyme immune
assay following kits and methods from DRG international USA. Hepatitis B
DNA viral load was estimated from 500l of collected plasma specimens in
Cobas TagMan 48 analyzer (Roche, Pleasanton, CA, USA) using viral
nucleic acid extraction kit {Roche). Viral DNA was extracted from 100-200
ul of plasma samples using magnetic bead method in an automated nucleic
acid extraction system (Magnapure LC 2.0. Roche:Rotkreuz, Switzerdand).
I'TV DNA was detected by semi-nested PCR. targeting 5"untranslated region
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as described by Kenar et al {Kenar Kookla, 20023, For further confirmation,
few TTV isolates were subjected to dideoxy sequencing using inner nested
primers for 3° UTR region used in PCR, Nucleotide sequences were edited
manually in  BioEdit softtware V7.0 (Hall, 1999} and Molecular
phylogenctic analysis conducted in MEGA software v 6.0 (Tamura, 2013)
using Neighbor joining method (Saiton & Nei. [957) and employing Kimura

2- parameter (Kimura. 1980,

Results and Discussion

The study group consisted of 105 HBV patients and 127 healthy individuals.
The distinguish features of such study subjecis arc given in Tablel . TTV was
detected by nested PCR (Figure 1) i BE.5% (93/105) and B3 5% {98/119)
among patients with HBY and healthy control respectively. The detection
was also supporied by the sequence analysis (GenBank Accession No,
KM596844-48). Among the HBV cases, co- infected with TTV, about
2.15% (2/93) had acute HBY marked by anti-HBclgM positivity, Thus
majority of cases wene suspected to have chronic heparitis B infection. TTV
DMNA was detected in patients with HBY irrespective of viral load, Alanine
amimotransferase (ALT) level, and HBeAg and HBeAb status as shown in
Table 2, No statistical difference with regard 1o age and sex were observed in
ooth the groups of subjects processed for TTV (Tablel). Among healthy
ndividuals tested for TTV, the overall anti HBc prevalence was 48.8%
(62127 where TTV was detected in 90.0% (56/62) of individuals with anti-
HB¢ Positivity. TTY was also found in about 76,9% [50065) subjects without

any prior exposure to HBY (P value=0.31). The phylogenctic analysis
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revealed that the 4 of 5 TTV isolates belonged to TTV genomic group 3

= hile one belonged to genomic group 2 (Figure 2).

= 15 believed that TTV is present in the plasma of over 80% of world’s
sopulation; however its prevalence varies in the Indian subcontinent. In
sorth India, Irshad et al (Irshad. 2008) have reported a prevalence of TTV
—mging from 22%-33% in patients with various liver discases and 27% n
sealthy control. In yet another study from north India, Chattopadhya et al
Chantopadhyay, 2003) have found TTV prevalence to as 26% (6/23) n
ceronic Hepatitis B and 12% (12/100) in healthy control. In western India, a
ww prevalence of TTV has been reported in patients with chronic hepatitis
& T8, 5/75) and among blood donors (7.4%, 4/54) (Arankalle, 2000). In the
~resenl study, high prevalence of TTV has been found in both healthy
adividuals (81.5%) and in patients with Hepatitis B (88.5%), which is higher
than studies reported so far in other parts of India. The reported prevalence,
25 done wsing UTR primers, is analogous to studies from Egypt (85%). Japan
| T-93%), Nepal (82%) and Bolivia (82%) (Bendinelh et al., 2001) TTV
srevalence in pediatric age group (<13 years) was found to be 80F% mn
healthy contral which may possibly explain that TTY 15 acquired carly n
childhood and persist throughout life

1 the target population. However, further studies are required to firmly
confirm the same.

in India, the epidemiology of TTV is mostly known from limited studies
conducted in northern and western part with no documented studies from
castern and northeastern region. The study for the first time provides
evidence for the existence of TTV in greater proportion among the

inhabitants of Arunachal Pradesh. The high rate of positivity among healthy
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individuals suggests that TTV is widely prevalent in the general population

of Arunachal Pradesh, causing no significant disease manifestation. The
precise cause of such high prevalence of TTV in the study population is not

known although ethnic differences may partly sccount for the same.

| Table 1: Demographic diffsrentiation of hepatitis B patients and healthy individwals

recruthed in the aludy
— . P HBV
HBsAg Anti HBaAg ALT il
Posifive | Megotive | Positive | Megalive =40 L il Flogd | <logd
{05 1 D) § %a) (%) (%) 9%} | %) {%a)

™ J8743 | 5862 | 47/52 | 44751 | 14715 | 27,29 | 61766 | 32/30 |

Positivity = [B5.7) (90.3) {70.4) (86.3) | (93.3) | (93.1) | (92.4) | (B27)

Odds :

: 0.64 1.5 1.03 2.2 .
ratio |
F valuee
{based
an chi 0.7& 076 0.99 045
squars
test) !

1: Hepafitis B ¢ antigen; 2: Antibady to hepafitis B & onfigen;
ALT) Alenine smmes frantferass; HEY: Hepahitis B viru
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Figure 2: Dendrodrogram showing clustering of five TTV isolates from
ssunachal Pradesh te TTV genomic group 2 end 3. TTV reference
seauences belonging to all the five major genomic groups were downloaded
&om NCBl-GenBank and aligned by multiple alignments using CLUSTAL W In
WEGA software v 6.0, The individual Isclates are shown with their name and
SenBank occcession numbers. The northeastern TTV isolotes are shown with
swhid circles. Phylogenetic tree was constructed by MNeighbor-Joining methed
wing the Kimura 2-parameter method. All ambiguous positions were ramoved
%2 moch seguence pair. Robustness of tree was inferred by beotstrap of 500
eplicates. Evalutionary analyses were conducted In MEGAG.

in sbsence of any significant differences (Tablel), the presence of TTV does
st seem to aggravate hepatitis B virus replication or cause profound
sathogeneicity. Thus based on this observation along with high prevalence in
sealthy subjects led us to conclude that TTY appears to be silent bystander
than a potential pathogen in the present setting.
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Aboul past exposure to HBY. TTV was detected in healthy subjects with
high number of anti HBe IgG antibody, although not significant. Thus it may
be possible that TTV was co transmitted  along with HBV in the study
population, however, possibility of other nsk factors cannot be ruled out,

since it was also detected in subjects with no previous contact w HBV,

Although TTV 15 a DNA wvirus, it shows unususl high degree of genetic
varability (Okamoto, 1998; Tanaka ct al, 1998). Worldwide there is a
dominance of geno groups 1. 2 and 3. In Asia there is predominance of
genogroupl (Gallian et al, 2000) while in India. geno group | is mostly
prevalent (Abraham, 2005} besides genogroupd and genogroup 5 { AbuOdeh
et al, 2013) In the present study, majority of the solates belonged o
genogroup 3 while one isolate of genogroup 2 was also detected. This is a
distinctive feature noted in this part of India which demands further studies

o be carried oul in the northeasiern region of India to document genetic

diversity of TTV and its clinical relevance, if any,

1
fLane L: Nagative tamplate contrel, Linn 2: Positeve contrel, Line 3-7: chinical spacimard, Lane B 100 hp DA
r.hldqr

— S P |

Spectrum: Science and Technology,. Vol. 3, 2016
IS5 2349 7937




Bl

Fgwrel: Gel photograph showing Z20bp DMNA product obfained uwsing
semars bargeting S'UTR region of TTV genome.

The choice of primers inthe PCR has been found to have profound effect on
me mte of TTV detection. Whereas primers targeting 5'UTR, a well
somserved region has been shown to detect most of TTY genotypes, the
Semection rate 15 hmited when using ORF1 primers (Baagim et-al., 2006: Kato
= ol 1999). In the present study, LU'TR-5 primers were emploved to aid i

shanced detection limit.

Tasla 1 Intre-graup camperican af varlous ceralagical merkers of heopotitis B infection
it respect fo TTV positivity.
TTV positivity in | Propertion of mola
e, | T i Age individwals aged (in | ard female found
—— T eyl B s ym) | TiVpositive
Cmimgory DEsE .I:r‘] Han | Maa <15 i _m‘ Mala Female
& K g nt =45 | Propastio | propartke
(| 45
L w] ‘,Fi [l [
| 3 &5
| 93 & ra
| 3 | 24E 4 4 57/64 36741
! FVcoss | 105 | (88 100
i | é) 73 14 | (B7.5 | {878 | ' {89] {87.8)
- | ! )
EETCRINET
T0d A 20,2
Healthy 127 | B2 5. | .54 5 ] 14 5&/70 A8 /57
ooty &5 14 (B4.8 | (B, |a2.48) {Ba.2)
4] (80)
J 3)
P ol
foms £
— 0.36 041 | 064 082 016 093 0.19
Boved on
ol aguosre
T :
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Conclusion

In conclusion, high prevalence of TTV has been noted in parts of Arunachal
Pradesh in northeast India. Large scale studies including various diseased
conditions and in other places of northeastern states would be required to
firmly understand the epidemiology, endemicity and clinical relevance of

TTV genotypes in the region
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4. Morphological Analyzer and Generator for Indian
languages processing: A brief survey

Adusha Vellintihun Hujon®

ST

T paper is a survey of Morphological Analyzer and Generator for Indian
_ssgmsges The first part of this paper is an introduction to the use of
Worphological Analyzer, it also points out some of the wvarious
Merphological approaches that can be used to build Morphological Analyzer
m Generator (MAG). The second pant of this paper presents a brief
sscbanation  about  different momhological analyzer and  generator

gewelopments for some Indian languages.

Keywaords: Notural longuoge processing, Machine fransialion,
Marphological analyrer and generafor, MAG, MAG approoches, MT

for Indian longuoges

Imtroduction

Machine Translation (MT) is the automatic translation from one natural
wnguage to another natural language using computers. 1t 1s the main key
gpplication in the field of Natural Language Processmg (NLPL Te
snderstand and analyze a particular natural language, automated tools are
required. Morphological analyzer and generator are such wols and they have
seen developed for many nawral languages which aid in the translation of

one natural language to another. Morphological analyzer is used to analyze a

 Deportment ot Computer Science, 5. Anthony's Cellege, Shillcng, Megholaya
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given word and Morphological generator is used to generate word given the
stern and its features, In order to develop a full-fledged morphological

analyzer and generator (MAG) tools is a challenging task.

The morphological structure of any lanpuage is different and capturing its
complexity in a form that a machine can analyze and generale is a
challenging job. Analyzing the intemal structure of a particular word is an
important intermediate stage in many natral language processing
applications especially in bilingual and multilingual MT system. To build a
MAG for a language one has to take care of the momphological peculianties
of that language, specifically in case of machine franslation. Some
peculiarities of language such as, the usage of classifiers, excessive presence
of vowe! harmony, make it morphologically complex and thus, a challenge

in natural language generation {NLG),

Maorphological Analyrer and Genevator Approaches

In general there are several approaches that have been attempted for
developing Morphological analyzer. Among these approaches that are used
for developing merphological analyzer and gencrator, some are language
dependent and some are language independent. These approaches are briefly

discussed below:
1. Corpus Based Approach:

In case of corpus based approach, a large sized well generated corpus is
required for training, Any machine leaming algorithm is used to train the
corpus and collects the statistical information and other necessary features
from the corpus. The collected information is used as a MAG model. The

performance of the system will depends on the feature and size of the COrpUS,
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l The Ssadvantage is that corpus creation is a time consuming process. This
weroach 15 suitable for languages having well organized corpus.

I Paradigm Based Approach:

| = & particular language, cach word category like nouns, verbs, adjectives,
woorhs and postpositions will be classified into certain types of parsdigms.
Sused on their morphophonemic behavior, a paradigm based morphological
compiler program is used to develop MAG model. In the paradigm approach
s mgwst or the language expert is asked to provide different tables of word
S covering the words in a language. Based on this information and the
esture structure with every word form & MAG can be build. The paradigm
sescd approach is also well suited for highly agglutinative language nature
et this or the variant of this scheme has been used widely in NLP.
_meraiure shows that morphological analyzers are developed for almost all
=cian languages using paradigm based approach.

1. Finite State Automata (FSA) Based Approach:

Fmite state machine or finite state automation (FSA) (or fimite automation)
wes regular expressions and is used to accept or reject a stning in 4 given
amguage (Saranya, 2008). In general, an FSA is used to swdy the behavior
of a system composing of stale, transitions and actions. When FSA start
working. it will be in the initial stage and if the automation is in any onc of

“mal state it accept its input and stops working.
4. Finite State Transducers (FST) Based Approach:

FST s a modified version of FSA by accepting the principles of a two level
mombology. A finite state transducer essentially 15 a fimite state automaton
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that works on two {or more) tapes. The most common wav o think about
transducers is as a kind of “translating machine™ which works by reading
from one tape and writing onto the other. FST's can be used for both analysis
and gencration (they are bidirectional) and it act as two level morphology.
By combining the lexicon, orthographic rules and spelling variations in the
FST. we can build a morphological analyzer and generator at once (Jurafsky

& Martin, 2008).
5. Stemmer Based Approach:

Stemmer uses a set of rules containing list of stems and replacement rules to
stripping of affixes, It is 4 program oriented approach where developer has to
specify all possible alfixes with replacement rules, Potter algorithm is one of
the most widely used stemmer algorithm and it is freely available. The
advantage of stemmer algorithm is that it is verv suitable to highly

agglutinative languages like Dravidian languages for creating MAG,
6. Suffix Stripping Based Approach:

For highly agglutinative languages such as Dravidian languages, a MAG can
be more successfully build using suffix stripping approach, The advantage of
the Dravidian langunge is that no prefixes and circumfixes exist for words,
Words are usually formed by adding suffixes 1o the root word serially, This
property can be well smted for suffix stiripping based MAG. Once the suffix
is identified, the stem of the whole word can be obtained by removing that
suffix and applying proper orthographic rules, A set of dictionaries like stem
dictionary, suffix dictienary and also using morphotactics and sandhi rules, a

suffix stripping algorithm can successfully implements MAG,
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7. Rule Based Approach:

In the rule-based approach, human experts specify a set of rules to describe
the translation process. This approach applies to large collections of
linguistic rules and it requires a good linguistic knowledge © write the rules.

It 15 ofien used for Machine translations.
MAG for Indian Languages

An extensive work has been done already for developing MAG in various
Indian languages from the last ten o fifteen years. Some of these works are

as follow:
1. MAG for Tamil Language:

One of the MAG for Tamil language 15 the AMRITA Morph Analyzer and
Gencrator for Tamil. This MAG uses a Rule Based Approach. Menon er afl,
(2010} developed a rule based Morphological Analyzer and gemerator for

Tamil using fimite state transducer called AMAG

The performance of the system is based on lexicon and orthographic rules
from a two level morphological system. The system consists of list of 50000
nouns, around 3000 verbs and a relatively smaller list of adjectives. The
proposed AMAG is compared with the existing Tami| morph analyzer and
generator called ATCHARAM and proved better performance,

2. MACG for Kannada Languape:

kiannada Morphological Analvzer and Generator Using Tne. This MAG is
also Rule based with Paradigm approach, proposed by Sambhavi er af,
(2011) which is a morphological analyzer and generator for Kannada

language. They used Trie as a data siructure for the storage of suffixes and
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root words, The disadvantage of Trie is that it consumes more memory as
each node can have at most °y* children, where *y® is the alphabet count of
the language. As a result it can handle up o maximum 3700 root words and

around 38K inflected words

3. MAG for Malayalam Language:

One of the MAG svstem for Malavalam language is the Morphological
anatyzer for Malayalam verbs, which was developed by Saranya (2008) as a
provotype morphological analyzer for Malayalam language based on hybrid

approach of Paradigm and Suffix Stripping Method .
4. MAG for Bengali Language;

Development of a morphological analyzer for Bengali is also present. It is an
open-source morphological analyzer for Bengali Language. It uses finite

state technology. This Analyzer was developed by Zaher of al ., (2009
5. MAG for Assamese, Bengali, Bodo and Oriva Languages:

Morphological analyzer using rule based affix stripping approach (2011).
The design and development of morphological analyzers for four Indian
languages-Assamese. Bengali, Bodo and Oniva was proposed by Parakh &
Rajesha (2011). At present it 15 an ongoing work based on dictionary based
and suffix stripping approach and the performance of the system directly
related to the size of the dictionary, The developed prototype model currently
can handles inflectional suffixes and work is going to handle denvation as

well as prefixation.

6. MAG for Manipuri:

Tipgmenirurm Rnbpmee and Toehnslogy. Vol 31, 20046
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A Manipun Morphological analyzer has been developed by Singh and
Bandopadhyay (2005), It uses a Manipuri — English dictionary that siores
the Manipuri root words and their associated information. It uses the siring
pattern stripping and matching technique. This Morphological analyzer can
handle five types of words. A word without any affix, word with a prefix,
word with one or more suffix, compound word, semantic reduplicative
words, There 15 also another Morphological analvzer which has been

developed by Choudhury er af , (2008),
Conclusion

There are many researches in the field of Machine translation and
Nawral language processing and many svstems and tools have been
developed. This paper has présented a study on different developments of
morphological amalyzer and generator for a few Indian  languages.
Addionally it also gives a brief idea about the existing approaches that have
been wsed to develop momphological analyzer and penerator for Indian
anguages. There are still other analyzers and generators for many other
anguages that were not possible to present in this paper. The Table below
summanzes the Analvzers discussed and the approaches used 1o develop

them
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Table 1: Existing Morphological analyzers

Languages Approach used Analyzer/Generator
W Rule Based
['amil AMRITA (Menon er af., 2010)
Approach
N Kannada Morphological Analyser
Kannada Trie and Generator Using Trie
(Shambhavi er al., 2001).
hybrid approach of |
Morphological analyzer fi
Malayalam Paradigm and Suffix Majm e
- avalam verbs (Saranya, 2008).
Stripping Method ! A
Bengali finite state Morphological analyzer for F_lengali“
technology (Saranya, 2008).
Assamese, : ;ﬂ based
using r 8 Momhological i
Bengali, Bodo 2 . orphological analyzer using rule
and Oriya affix sinpping based affix stripping approach
approach (Shambhavi er al, 2011),
Languages
It uses the string Morphological Analyzer for
Manipuri pattern stripping and | Manipuri. (Singh &

matching technigue

Bandvopadhyay, 2005)

Spectrum; Science and Technology. Val, 3, 2016
155N 2349 2937




B ——

[

References

Choudhury, 5. 1. {2004). Morphological analyzer for Manipur: Design and
implementation. Asian Applied Computing Conference. Springer

Berlin Heidelberg.

lurafsky, 1. & Marmin, . H. (2008). Speech and Language Processing. 4th,
Impression. Pearson Education and Dorling Kinderseley Publishing:

8112

Menon, A.G., Saravanan, S., Loganathan, R. & Soman, R_ (2010). Amrita
Morph Analyzer and Generator for Tamul: A Rule Based Approach.

Tamil International Conference, Coimbatore.

Parakh, M. & Raesha, N. (2011). Developing Morphological Analyzer for
Four Indian Languages Using A Rule Based Affix Stnipping
Approach. Linguistic Data Consortium for Indian Languages, CIIL,

Myvsore.

Saranyd, 5. K. (2008) Morphological analyzer for Malavalam verbs.
Unpublished M. Tech Thesis, Amrita School of Enginccring,

Coombatore,

Shambhavi. B. R., kumar, P, Srividya K., lyothi B. J. Kundargi, 5. &
Shasti V. G. (2011} Kannada Morphological Analyser and
Generator Using Trie. International Journal of Computer Science and
Metwork Security (IJCSNS). 11013,

Spectrum: Science and Technology. Vol. 3, 2016
53N 2349 2937



76

Singh, T. D. & Bandvopadhvay, 5. (2005). Manipun morphological
analyvzer. In the Procesdings of the Platinum Jubilee Internatonal

Conterence of L51, Hyderabad, India,

Faher, A.. Faridee. M & Twvers, F. M. (2009). Development of a
morphological analvser for Bengah. Proceedings of the Furst
[nternational Workshop on Free/Open-Source Rule-Based Machine

Translation. Alacant, Spain: 43-50.

spectrum: Sclence and Technology. Vol, 3, 2016
IS5N 2348 2937




e ——— e

A

. 5. Phytoremediation Technologies: An Overview of the
Different Mechanisms Currently in Use and their Associated
Advantages and Limitations

Joonicer Delicia Jyrwa® and Aldenna M. Susngi®!?

Abstract

"ntoremediation, a process that uwses plants and their associated
mucroorganisms for cleaning up the environment, is an emerging technology
“or reducing the risk posed to humans, other organisms and the ecosystem as
¢ whole by toxins, heavy metals, radioactive substances in contaminated
wies. Being cost-effective and eco-fmendly, phytoremediation techniques are
guning worldwide recognition. Phytoremediation s a general werm which
soludes  several  techniques:  phytoextratction, thizofiltration,
phstodegradation, phytostimulation, phytovelatilisation, phytostabilisation
and phvtohydraulics. The objective of this overview is to discuss in brief the
fasic mechanism of the different phytoremediation technologies currently in
wse. and their associated advantages and drawbacks.

Keywords: Phyloremediation, green lechnclogy, phytoremediator,
carfaminonts, heawvy metals, hyperoccemulofors.

1. Introduction

The build-up of toxic pollutants in land, surface as well as underground

waters from domestic, industrial, military and agricultural activities causes

¥ Daparimen of Biotechralogy, St Anthany's College, Shilong
" Corresponding Author emall: asusnghigmall.com
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imbalance in ecosystem and affects natural resources. Remediation of such
places, therefore, 15 not only important but necessary 1o prevent any further
contamination. Plants with theirr ¢fficient metabolic and  absorption
capabilities can take up nutrients or non-essential contaminanis as deep as
their roots grow, making them useful agents for cleaning up the environment.
Metals are generally absorbed by specific ransporters (channel proteins) or

hydrogen ions carmer proteins present on the roots (Grapsson, 200 1),

Phytoremediation is a “green” fechnology that uses plants to degrade,
extract, contain, or immobilize contaminants from scil and water which
serves as an imnovative and a cost-effective altemative 1o the established
treatment methods used at hazardous waste sites (Flathman & Lanza, 1994
Salt ef al., 1998; USEPA, 2000). The term “Phytoremediation™ comes from
the Greek phyro meaning “plant™ and Latin remedinm meaning “able to
cure” or “restore”. |t was comed by Dr, llva Raskin of Rutgers University's
Biotechnology department, USA, in 1991 10 describe the process of using
plants to clean up pollution in the environment (Laghlim o ai, 2015;
Vamerali et af.. 2010). This technology can be used to immobilise and/or

clear up both organic and inorganic contaminants,

The idea behind phytoremediation was conceived when scientists med 1o

find out if plants could be used to remove radicactive toxic pollutants, like
iodine, strontium. cesium-137 and plutomium, from soill or underground
water after the nuclear explosion which took place on the 26™ April 1986 at
Chernobyl Muclear Plant Reactor 4 in Ukraine (Kipp, 2000), The green
plants that are involved in cleaning up the environment are termed

“Phytoremediators™ (USEPA. 2001 ),
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Phytoremediation works best at sites with low to medium amounts of

pollution and m low permeability soils (USEPA, 2001), Depending on the
chemical nature and properties of the contaminant and the plant
characteristic, contamimants and pollutants may be cleaned up by the plants
using different phyvtoremediation techniques (Figure 1). These techniques

mclude: (1) Phytoextraction - toxins and pollutants can be absorbed by the
roots and the plants are affowed to grow, affer wiiich, they will be harvested,
sestroved or recyeled: (i) Rhizofiltration - contaminants that are in solution
serounding the root zone are adsorped or precipitated onto plant roots; (i}
Pavtodegradation - usually in roots or shoots, toxins can be converted into
=« toxic chemicals by the plant's metabolic activities: (iv)
Paytostimulation - contaminants are broken down in the roots by microbial
scenvaty; (v) Phytovolatilisation - pollutants may also be absorbed by the
-ots from the soil and given out through the process of transpiration; (vi)
Phviostabilisation - immobilization of a contaminants through absorption
wnd accumulation by roots, adsorption onto roois, or precipitation within the
=0t zone of plants; (vii) Phytohydraulics - the use of plants 1o rapidly
sotake large volumes of water to contain or control the migration of
subsurface water (Baker & Brooks, 1989; Dushenkov et af.. 1995, 1997, Salt
ot al, 1995; USEPA, 2000). Examples of some phytoremediators and related
pollutants for differemt phytoremediation techniques are highlighted in Table
1.
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Figure 1: Overview of the basic mechanism of action of the
differant phytoremediation techneologies.

1. Phytoextraction

2.1.What is Phvtoextraction?

I Phytoextraction involves the uptake of contaminants, usually metals,

from the soil by the plani roots, their storage in the roots or their

translocation and subsequent accumulation in the above-ground regions of
the plants {Garbisu & Alkorta, 20010; McGrath ¢ af.. 2001 ). After the plants i
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have grown sufficiently, they are harvested or completely |, and safely

processed to

Table 1. Examples of phytoremadiaters and related pollutonts for different

Pﬁﬂwmﬁﬁﬂ'inﬂ. tachnigues.
e Contaminant |
Phytoremediation -
Jechnioe Remowved andar Plantis) involved Reference
Immabilised .
Tiia Thloss coerulescen: and ! Dhenkhar ef
| Aroficapsls haller? al, 2012
Phyloextraction Codmivm | Bromice nopus Eﬁ?ﬂ?&er
| MAlrtae at ol
Endosulfon Helianfus ornurs 2016 Gadzia
Lranium | Phaseolus vulgois Marar, 2010
: . Iram, tinc,

Rhizafiltration S e By et . Bl ot &l
keran ond i e prl ] IS
ghramium
PJ""'E"'E Faghvon arundinooen G-IHIE'H o,

: Agaatini ef of,
Phytodegradation 2.-4-a1d1|nraph-n¢d Breaiitis e 2003
Falyshdarinared TRRCER
blphenyl (PCEs] Brosiico migea 26"33 “
|
Astrogalus sinfcw HIpecing o
Cadifium | microbe: Masarhizabium al, 2002
b
Phytostimulation Bl veilgior
Polychlorinoted e Brozil af al
: i :Freclamanas =
bioh P (microhe
iphenyk (PCEs] Riswocatil 1995
3-Mathy| £8a. mexys Ronchel of o,
banzaote (microbe: Prewdamanas pufida) | 201 :
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|_ Carbon | Mewman of
tetrachloride Hybrid poplars al, 1997
Phytovelofilisatio Bk - e ':;r?r; of af., h
|
Maroury Senlin g Wong, 2004
Llasd, #inc and : . Salt et al,,
Phytestebilisation | copper Agroshis farwis 1005
Colcaresus Salt ef &l
lecd and zine Festuco rura 1995
e [ — Nelsan, 1994
Phytohydraulics | Water-isluble )
! arganles and Populs spp., Salix spp, ITRC, 2009

inErgonkey |I

facilitate permanent removal of the contaminant. Processing can be achieved
by drying, ashing or composting the harvested plamt parts (Garbisu &
Ihll-:nna, 2001). Occasionally, the accumulated metals can be extracted from
the ash enabling them to be recyeled (Comis, 1996).

The process of phytoextraction, in some cases can be enhanced by the
addition of chemical amendments or chelators such as cthylenediamine
tetraacciate (EDTA) and nitrilotriacetate to the soil (Vamerali ef af., 2010).
The contaminants must be dizsolved in a solution and come in contact with
the roots in order for them to be absorbed. The amount of contaminant
immobilised or cleared from the soil depends on the root zone of the plants
being used. Depending on the plant species. the soil depth can range from a

few inches to several meters (Schnoor et al., 1995).

Some plant species have a natural ability to sbsorb metal 50—100 times more
than ordinary plants (Chaney et al,, 1997; Baker ef al., 1998) and sometimes
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up to 500 times more {Chibuike & Obior, 2014), Such species are termed as
“hyperaccumulators”. Hyperaccumulators are found in metals-rich regions of
the world. Generally, for a plant to be classified as a hyperaccumulator, it
TR e LT el TR i SRR o R e e Y SR AT o e
sewl or metalloid. For some metals or metalloids, however, the
oocentration must be 10,000 meke {Baker ¢f al., 1998). Examples of some
swreraccumulators include, Thiaxpi rorundifolium grown in a lead-zine mine
wex contained 8,200 g'g lead (0.82%) and 17,300 glg zinc (1.73%), and
Ll maritima var. halleri contained 1,300 g/e lead. dry weight basis

Reeves & Brooks, 1983).

“our processes are assumed to be essential for hyperaccumulation: oot
ke of metal contaminant, transport from roots o the shoots, formation of

complexes with chelating molecules and compartmentalisation into the

scuole (MeGrath & Zhao, 2003).
1.2 Advantages and Limitations

"nvtoextraction has several advantages over conventional technigues,
scluding the fact that the contaminants can be removed jn sir, the use of
sreen plants which lends added benefits, and the low cost invalved in using
kit technigue (Garbisu & Alkorta, 2001) However. most metal
svperaccumulators are slow-growing plants with a small biomass and
shallow root systems. Therefore, it takes time (0 completely remove a
surticular metal contaminant from a contaminated site and the amount of
contaminants accumulated is also less. Additionally, the metals may also
have a phytotoxic effect (Kumar ef al,, 1993) on the plants emploved tor

extracting the metals,
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Another problem associated with phytoextraction is that the plant
ThATIESS T, T narvesued and removed, Tohowed oy meal reciamation or

proper disposal of the biomass (Kumar er af, 1995), In some cases, however,
the plant biomass containing the extracted contaminant need not be disposed
of; it can be a useful resource. For instance, biomass that contains selenmium
{Se) has been transported to areas that are deficient in S¢ and used as animal
feed (Baduelos, 1997),

4 3. Phytodegradation

3.1. What is Phytodegradation?

Phytodegradation is the phenomenon in which plants breakdown compounds
cither through metabolic processes within the plant or by the action of
enzymes produced. It is also known as phytotransformation (USEPA, 2000).

About 88 species of plants have been reported to successfully take up and
degrade 70 organic chemicals (Paterson er o, 1990). The uptake of
contaminants mamnly depends on hydrophobicity, solubility, polarity of the
compounds, type of plant, age of contaminant. and many other physical and
chemical characteristics of the soil. Moderately hydrophobic and non-polar
molecules will be efficiently absorbed by the roots (Schooor er al., 1995;
Cunningham ef al., 1997; Bell, 1992).

A wWeawWEYNYYHE aNERREAEDY E IVYDE T E

Plant enzymes belonging to the classes oxygenase, nitroreductase and
dehalogenase are capable of degrading hydrocarbons, explosives and
halogen subgroups and many of these enzvmes metabolise the chemicals
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completely into carbon diexide and water (Dhankher ef al., 1999 Schnoor
1997). '

ds SAFTSCE Walor aRd i Ao rodkcew iR CrRArIIr e PRt el i
moesn = ke water (UISEPA. 2000; Schnoor, [997).

“ 2 advaniages and Limitations

=ges can be grown in sterile soils where microorganisms are killed by the
wg= contaminants levels proving 1o be more advanced than hiodegradation
SEPA. 000; Schnoor, 1997). Ancther advantage is llhl: metabolism of
goemse groups of organic compounds including herbicides. insecticides,
sc=orodiphenylirichloroethane (DDT) and fungicide (Burken & Schnoor,
T Newman ef af., 1997; Thompson et al.. 1998: Komossa ef af., 19935).

The muajor limitation of this process is that toxic intermediates or degradation
sococts may form. In a study unrelated to phytoremediation research,
sestschlorophenol (PCP) was metabolised to the potential mutagen
woachlorocatechol in wheat plants and cell cultures (Komossa ef al., 1995),
« s also quite difficult to confirm contamination destruction since ways of

serecting and identifying the metabolites have not been developed (USEPA,

RLLITY

4. Rhizofiltration

4.1. What is Rhizofiltration?

In rhizofiltration, plants are used to filter contaminants from water onto root

svstems. Tt has been used to concentrate chemicals like lead (Pb), cadmium

Seactrum: Science and Technology. Val. 3, 2016
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LCa), copper (Cu), nickel (Ni), zinc (Zn) and chromium (Cr), which are
initially  retained primarily within the roots, afier which they are
accumulated or immobilised within the plant or on the plani surface. The
plamts are gradually acclimatised to the contaminated water which requires to
be treated. They are then planted on the site, where the pollutants are taken
up. Unee the plants have become saturated with contaminants, they are
harvested and the collected hiomass might be subject to some form of final

treatment (Evans & Furlong, 2003).

Extracted groundwater, surface water, and wastewater with low contaminant

concentrations are remediated by this techmique {USEPA, 20640},

4.1. Advantages and Limitations

Rhizofiltration has the ability to use both terrestrial and aguatic plants for
either in site or ex situ applications. An advantage of rhizofiltration over
some of the other phytoremediation technologies is that contaminants do not
have to be translocated to the shoots. Thus, species other than
hyperaccumulators may be used. Terrestnal plants are preferred because they
have a fibrous and much longer root system, increasing the amount of oot
area (Raskin & Ensley, 2000),

Limitations of this technigue include the possible need 1o grow the planis in
a greenhouse or nursery, the periodic harvesting and plant disposal and a
good understanding of the chemical interactions. Additionally, the tank
design must be well engineered and the pH needs to be adjusted constantly.
The cast of remediation by rhizofiltration is also expensive and has been

estimated to be $2-56 per 1000 gallons of water (USEPA, 2000),
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5. Phytostimulation

£.1. What is Phyvtostimulation

Phytostimulation, also known as rhizodegradation, imvolves the breakdown
of contaminants in soil through microbial activity that 15 enhanced by the
presence of the root zone, This technique 15 also known by names like plani-
assisted degradation. plant-assisted bioremediation, plant-aided 1n situ

bindegradation, and enhanced rhizosphere biodegradation (USEPA, 2000 ).

The microbial populations and activity in the root zone are facilitated by the
presence of certain compounds produced by planis, These compounds are
known as root exudates and include sugars, amino acids, organic acids, fatty
acids, sterols, growth factors, nucleotides. flavanones (Shimp e af., 1993;
Schnoor ef al,, 1995). Active microbial degradation of contaminants in the
rhizosphere leads to an increase in surface arca of the rhizosphere. However,
phytostimulation can also occur in the absence of root exudates. Microbial
activity i1s mainly influenced by aeration and moisture, which is favourable
for their growth (USEPA, 2000). The association of exudates or microbal

activity may also change the pH of the soil.
S.2.Advantages and Limitations

An advantage of using this technique 15 that contaminant destruction occurs
fn situ. Furthermore, translocation of the compound to the plant or
atmosphere is less likely than with other phytoremediation technologies
since degradation occurs at the source of the contamination, and the

contaminanis may undergo mineralisations which is stable. Installation and
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mamtenance cost 15 also much lower as compared to other remedial options
(USEPA, 2000).

Development of an extensive rool 2one likely 1o require substantial time 1s
one of the main drawbacks of using this technique. Root depth can be limited
duc to the physical structure or moisture conditions of the soil. Another
disadvantage is that rhizosphere might affect an increase in the initial rate of
degradation compared to a non-rhazosphere soil (Moling ef al, 1995),

Besides, laboratory and field studics need to account for other loss and

phytoremediation mechanisms that might complicate the interpretation of
rhizedegradation. For example, if plant uptake occurs, phytodegradation or
phytovolatilisation could occur in addition to rhizodegradation.

The phytoremediators in most cases require additional fertilization because
of microbial competition for nutnents. The added exudates might stimulate
microorganisms thkal are ol degraders, al the expense of degraders.
Moreover, the OfEanic mamer from the p|:111|:s may be used as a carbon source
instead of the contaminant, which could decrease the amount of contaminant

hiodegradation (Molina er af., 1995).

fi.  Phytovalatilisation

6.1. What is Phytovolatilisation?

In phytovolatilisation, contaminanis are taken up by planis and
released through the leaves into the atmosphere; nomally m a modified
form. The ability of contaminants and pollutants 1o volatilise depends on

properties like Henry’s constant and vapour pressure. Many conlaminants
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react with hydroxyl radicals, formed during the photochemical cycle in the

atmosphere (USEPA, 2000).

Compounds wvolatilised can also be products simplified from
rhizodegradation and/or phyviodegradation, for example, wichioroctiviene
{TCE} in poplars, of the parent contaminant along the transpiration pathway
(Chappell, 1998). Tobacco plants are another example of phytoremediators
that makes use of phyvtovolatilisaton to clean up the highly wxie methyl-
mercury. These planis degrade, and phywovolatilise elemental mercury into

the stmosphere in relatively safe levels (Heaton e al., 1998),

The technique 15 used to treat groundwater, soils, sediments, sludge
and generally relies on the transpimation pull of fast-growing trees, which

accelerates the uptake of the pollutants (USEPA, 2000},

6.2 Advantages and Limitations

The advantage of using phytovolatilisafion is that the contaminants
could be altered to less-toxic forms, such as elemental mercury and dimethyl
sglenite gas. Furthermore, contaminants released o the atmosphere might be
subject o more effective or rapid natural degradation processes such as

photodegradation (L'SEPA, 2004).

One obvious limitation of phyvtovolatilisation 15 that there 15 no
control on the destination of the volatilised compounds. The hazardous
contaminants {such as vinyl chlonde formed from TCE) mavbe be relcased
nto the atmosphere. In addition, the harmful contaminants may accumulate
m the plants and comsequently be passed on in the products such as fruit or

urmber (Newman ef af., 1997T).
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7. Phytostabilisation

T.1. What is Phytostabilisation?

Phytostabilization, also known as phytorestoration, treats soils, sediments
and sludge by reducing the mobility of the contaminants and prevents their
migration to the surface water, groundwater or air (Cunningham e af, 1995;
Flathman & Lanza, 1998). The use of cerain phytoremediators to
immaobilize contaminants in the soil or ground water through absorption and
accumulation by roots, adsorption onto roots, or precipitation within the root
zone 15 termed phytostabilisation. Translocation of metals to the above
ground portion must be avoided because it may disturb the main purpose of
the technique (Tangahu, er al., 2011; USEPA, 2000),

To prevent an increase in metal solubility and leaching the root zone, rool
exudates, and soil amendments may be required. For example, various
phosphate compounds have been found to be effective in the immabilisation
of lead (Pb) in soils (McGowen et al., 2001). Root exudations, such as
organic acids, from some plant species may acidify the rhizosphere by up to
2 pH units (Salisbury & Ross, 1978}, These plants can be used to increase
the solubility of non-essential metal cations such as Cd* (Naidu er al.,
1954),

Al sites of high mewal coneentrations, phytostabilisation can be used to re-
establish a vegetative cover. A vegetative cover is a technique of growing
plants in and'or over matenals that pose environmental nsk (USEPA, 1999
LUSERA, 2000).
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7.2 Advantages and Limitations

Une of the benefits is that soil removal is unnecessary, since  the

asscaminants will stay in one pface and tiere 1S No MReRr Of Continima i
er=sdimg. Entry of contaminants into food chaing and s also considerably
miuced. Phyvtostabilisation is less disruptive than other more-vigorous soil
smmedial technologies {Berti & Cunningham. 2000: Schroor, 20003 and less
sspensive than other remediation technologies such as capping and soil
mmonal (Miller & Miller. 2007). Besides. restoration of ecosvstem by re-
sgetation and disposal of haezardous materials or biomass is not required

LSEPA, 2000).

Pvostabilisation has a few disadvantages associated wath it. Since the
comtaminants remain in place. the vegetation and soil may require [ong-term
=amienance o prevent re-release of the contaminants and future leaching.
«epetative covers are long term and self sustaining: which requires minimal
oot But om the other hand. the periodic application of soil amendments 1o
shance immobilization increases the overall maintenance cost (Keller ef al.,
2005, USEPA, 2001

5. Phytohydraulics

%1, What is Phyvtohydraulics?

In order to limit the spread of comtaminants or pollutants by
groundwater, a phytoremediation technigue called phytohydraulics can be
used. Removal of groundwater is facilitated through uptake, consumption
and transpiration by plants (Clothier er of. 2008; ITRC, 2009; USEPA.
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2000). Phywohydraulics control s also known as hydraulic control or

hvdraulic plume control (USEPA, 2000,

For an effective site water balance, it 15 essential that appropriate
phytoremedintors are chosen and the growmng conditions optimuzed. The
phreatophytes, a class of water-loving trees, are deep-rooted, high-
transpiring plants that send their roots into regions of high moisture and can
survive in conditions of temporary saturation, Phreatophyies, for example

poplar trees, are widely used n phytobrydranhcs (Gathil, 19945,
8.2 Advantagzes and Limitations

One of the benefits of phytohydraulics over conventional methods,
such as the employment of a pumping well, is that an engineered pump-and-
treat system docs not need o be insmlled. Hence, costs will be lower.
Furthermore, roots will penetrate into and be in contact with a greater

volume of soil than if a pumping well is used (USEPA, 2004)).

Water uptake by most plants is affected by climatic and seasonal
conditions, The rate of water uptake will, therefore, not be constant. For
instance, water uptake by deciduous trees will slow considerably during
winter (USEPA. 2000). In high-rammfall regions, plant transpiration may also
not sufficiently reduce drainzge from the site, Another drawback is that

groundwater removal is limited by the root depth of the vegetation.

9, Conclusion

The success of applying a phytoremediation twechnology at a given
contaminated sile cannot always be attributed to just one of the mechanisms

discussed above because a combination of processes may be at work, The
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major challenge in using the different phytoremediation technologies
efficiently is that a thorough knowledge is required about the various plant-
contaminant interactions, the physiolegical stress and damage on the plants,

and the long term elTects on the ecosystem.

This technology could also pose a number of environmental concerns,
Unscientific disposal of plants after remediation is the main cascade factor
Leaching of metals into water supply, or ingestion of contaminants present in
phytoremediators by animals and humans could affect the food chain and
their overall health. Additional research and field tnals are, therefore,
required to make the widespread implementation of phytoremediation to

reclaim contaminated land, a reality in the near future.
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al 6. Assessment of the potability of water obtained from
Umkhrah, Umshyrpi, Umshing and Mylliem rivers of East
Khasi Hills District Meghalaya.

HaphilabetWarjri'!, Karevil T. Bharadwaj ', Preeti Kumari Singh'! and
leremy M. Syiem!!.12

Abstract

The dwindling number of clean rives in and around the East Khasi Hills

District of Meghalaya from which potable water can be obtained for

domestic use and for drinking has led to the scarcity of water sources
especially in the dry winter months. In this study, water samples from four
main rivers of the aforc mentioned district namely the Umkhrah river,
Umshyrpi river, Umshing river and Mylliem river has been analysed for their
potability with regards to the presence and number of coliforms. The
findings of this stedy indicated the presence of coliforms in the water
samples which further indicated fecal contamination being present in these
rivers. This can be attributed to the dumping and discharge of domestic
wasies especially from toilets directly into the rivers. These findings can thus
help us to understand the gravity at which humans arc polluting the
environment and therehy creating a huge risk to human life itself from water

bome infections.

Keywords: Pofable water, rivers, coliforms, Most Probable Number,

fecol cordaminafion, water borme infechions.
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Introduction

Freshwater rivers and streams are some of the main sources of potable water
for people around the world. They also provide a means of livelihood for the
people living around them through fishing and other aquatic products.
Meghalaya which is one of the North Eastern States of India and having
eleven districts 18 blessed with many natural freshwater rivers and streams
which have now been polluted like other major rivers elsewhere in mainland
India. This pollution of the rivers can be attributed to the ever growing
population and the encroachment of houses near the river banks which
discharge theirr domestic wastes directly into the rivers or indirectly through
drams which all converge and empty into the rivers, One of the major nisks
to the health of the populace is water bome nfections be it bacieral,

fungal, parasitic (helminthesz), protozoan or

viral. The most common type of water borme infection that affects most of
the people is considered to be bacterial. OF all the bacterial types and species
that are involved with water borne infections like gastroenteritis and diarrhea
are entenc pathogens including E. coli, Kiehsiella sp., Citrobacter sp. ele,
{Ibe & Okplenye, 2005), These bacteria are usually found n the intestine of
warm blooded animals and belong to the family Enterohacteriaceae. They
are also one of the members of the group Coliform which includes bacteria
from other families (Rompré et al., 2002). Enteric coliforms enter water
badies through the facces of animals including humans and are therefore
considered as indicalor organisms of fecal contamination (Girdoniva, 2011).
Among the fecal coliforms, £ coli is an important meémber and its presence

alome may indicate the presence of fecal contaminants as well as the presence
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ser pathopgenic bacteria in water (Borh, Dutta & Misra, 2010

Lemdtaskar, Danchia & Palay, 201 3).

. methods have been adopted for the isolation of coliforms espeaally L.
Som water samples including the “Wurtz method” which dates back to

w3 where water samples were directly inoculated by spread plating onto

s lactose agar and the bactenal colonies growing thereafler were

weed (Ashbolt, Grabow & Snozzi, 2001}, However, the method of
seference till date is the Most Probable Number (MPN) method {Sam &
Beteman 1985: Sutton, 2010: Ahmed et al., 2013; Dadwal ¢t al, 2014;

e et al., 2016)

m the present study, the potability of water from the Umkhrah nver,
=shvrpi river, Umshing river and Mylliem river present in the East Khasi
@k District of Meghalaya was tested for the presence of coliforms using
#e MPN method. This study was carried out with the objective of
getermining the extent of fecal contamination of these once pristine rivers
wich may pose 2 health hazard for the people who still depend on them for

many domestic activities.

Materials and methods

Collection of water samples

o0 ml of water samples from the Umkhrah. Umshyrpi. Umshing and

Myllicm rivers were collected in stenle sample contaimers.
The MPN test

in the Presumptive test, which is the first part of the MPN test, 3 tubes
containing sterile double strength lactose broth were inoculated with 10 ml

Sgectrum: S¢lence and Technology, Val. 3, 2016
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of the water samples each. Another set of 3 tubes containing sterile single
strength lactose broth were inoculated with 1 ml of the water samples each
and finally a last set of 3 tubes containing stenle single strength lactose broth
were inoculated with 0.1 ml of water samples cach. Each of the tubes also
contained a Durham’s tube to check for gas production after incubation for
24 to 4% hours at 35°C. Using the MPN index table (Table 1), the number
of tobes containing gas afier 48 hours were checked o get an

estimate of the number of coliforms present per 100 ml of water sample.

The second part of the MPN test is called the Confirmed test. In this test,
inpculum from a lactose broth tube from each set (10 ml, 1 ml and O.1ml}
showing the maximum gas production was inoculated with the help of an
inoculation loop into a sterile brilliant-green lactose bile broth which again,
also comtained a Durham’s tube. The tubes were incubated for 48 hours at
35°C,

The last part of the MPN test called the Confirmed test involved transfer of
inoculum by the streak plate method from the brilliant-green lactose bile
broth tubes showing gas production onto sterile Eosin Methylene Blue
(EMB) agar plates. Any colonies growing after incubation for 24 hours at
35°C and showing a dark center or a metallic green sheen were then
transferred into fresh sterile brilliant-green lactose bile beoth tubes
containing Durham’s tubes to check for gas production. CGram staining of the
bacteria growing in the tubes and on the plates EME plates was then carried

Ot
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le Results and Discussion
h The presumptive test yielded positive resulis for all the three sets of 3 tubes
th (10 ml, 1 ml and 0.1 ml) with the presence of gas in the Durham’s tubes,
M This result gave a most probable number of = 2400 bacieria being present
or per 100 ml of water sample as per the MPN index (Table 1 {({"Environmental
er science methodology,™ 20021} which s above the recommended Trmiat of 50
or less number of bacteria per 100 ml for potable water (CPCB, 2008). The
confirmed test also showed the presence of gas in all the brilliant-green
= lactose bile broth tubes. The completed test showed colonies having the
1]; charactenstics of coliforms growmg on the EMB agar plates including some
s with a metallic green sheen which 15 a characteristic of E. celi colonies
- growing on EMB agar (Figs. 1 — 4). This indicated the presence of fecal
at contamination being present in the rivers. Gram staining of the bacteria
showed all to be gram negative bacilli, another characteristic of coliforms.
T'he presence of coliforms in such huge numbers in all the four rivers studied
of showed that fecal contamination is very high. This is largely because of the
e lack of proper hygienic disposal of fecal matter from domestic households
i which empty their toilets directly into the water bodies rather than into septic
i tanks. Also, the Umshing and Mylliem rivers flow mosily through sub urban
o and rural arcas in which the awareness for sanitation and hvgicne are
i lackmg. At the same time, in these areas, domestic animals ke cattle, goats
e and pigs are sometimes allowed to roam freely in the open thus leading 1o a
& greater probability of fecal contamination of the nvers from these animals.
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Eigure 1: Collferm: inalabed n-rl_ EME mgor Figure 2: Coliforms isolated on EMB ogar

From Umbkhrah rivas fram Umshyrpd river

Figure ¥ Califarms |soleted an EMEB agor Figura 4: Coliforms isoloted on EMB ogor
fram Umshing rives from Mylliem river
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Table 1: Most Probable Mumber Index when 3 tubes of 10 ml, 3 tubes
of T mi and 3 jubes of 0.1 mi are vsed.
- No. of tubes giving positive result out of .
' 3 of 10 ml 3 of 1 mi Tof0iml | PN '"d'm’; pas 1o
each each each
(#] 1] 0 =1
0 0 ] 3
0 | ! ] 3 }
1 o 0 4
1 i 1 Fa
1 [ 0 i
1 1 | 1 ]
1 1 (1] 11
2 o i 9
' 2 (4] 1 14
A I 0 15
i 2 [ 1 20 ]
. 2 2 1] 21
2 2 1 28
3 0 0 23
3 0 | L
B 3 0 2 64
a2 1 a 413
3 1 1 .
, 3 1 2 120
' 3 2 0 j 93
3 2 ] 150
3 2 2 M0
3 3 0 240
3 3 1 460
3 3 2 1100
3 3 > >2400
- Source: (“Environmental science methedolegy,” 2012)
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Conclusion

This studv revealed the level of fecal contamination of four main rivers
flowing through the East Khasi Hills District of Meghalaya, The presence of
coliforms in all the rivers under study indicates the possible presence of
enteric and non-entenic pathogens which may cause life

threatening diseases in humans (Girdomiya, 20011). It is to be noted that to
determine the potability of water from a niver with regards to the presence of
coliforms, it 18 recommended to be test the water at least three times 1n a vear
(*“Crood agricultural practices and water testing guidelines.” 2013). The lack
of awareness regarding hygiene and the standards of drinking water should
be addressed so that the local people using the contaminated river waters

especially those in rural areas will know of the dangers of water borne

diseases which is one of the major causes of death worldwide (Fripp.

Woodvard, & Hanna, 2015).
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7. Effect of pretilachlor on rice field bacteria of Sung valley of
Meghalava

Thyuntwer Challam'? '4 and Stevenson Thabah!?

Abstract

Pretilachlor is a very popular herbicide that is used in rice cultivation
especially in Meghalaya, India. The impact of herbicides on the soil
microflora and the surrounding environment is assumed to be negative.
Although some studies on the impact of herbicides on soil microflora seem
to confirm this assumption, no study has been done on the development of
resistance to herbicides, specifically to pretilachlor, In this study pretilachlor
was applied at recommended field rate (RFR), twice recommend field rate
(ZRFR), SRFR and 10RFR and the effect on soil bacteria was assessed every
5 days for 30 days. It was seen that at RFR and 2RFR, pretilachlor actually
has a population enhancing activity on the soil bacteria, At higher
concentrations (3RFR and 10RFR) small reductions i bacterial population
were observed. To this end, development of herbicide resistance
pretilachlor was also investigated. The effect of the herbicide on isolated
phosphate solubilizing bactenia was also studied.

Keywords: Herbicide, rice euliivation, bacteria, pretilachlor,
phosphote-salubilising, herbicide-resistonce
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rof Introduction

The Sung Valley of West-Taintia Hills District of Meghalaya is one of the
most fertile regions in Meghalaya and has traditionally been associated with
the cultivation of the red varicty of rice (Oryza sativa Linn). Due to its

productivity, the area is sometimes referred 1o as the rice bow! of Meghalaya.

- The Ffertile soil of the valley also supports the growth of weeds of the grass,
goil sedge and broad-leaf variety. Weeds such as the barnyard grass (Echinochioa
Rk colona), cockspur grass (Echinechloa crus-galli) (Neogi, 1989), finger-grass
— (Digitaria setigera), hoorah grass  (Fimbristvlis miligeea), false daisy
t of (Eclipra prostrate), small flower umbrella grass (Cyperns  difformis),
hlor common sedge (Schoenoplecius  juncoides), gooseweed  (Sphenoclea
- zevlanica. Umbrella sedge (Cyperus iria) and Indian goosegrass (Elensine
i indica) are especially prevalent and can be controlled by hand weeding or
a “;, chemically using pre-emergence herbicide application.
gher Over the past few decades the growing demand for sustainable production of
e rice and the inflating cost of manual labour has caused farmers to
“:‘ increasingly turn to herbicides. The most popular herbicides for wansplanted
st rice as well as wet seeded rice in the Sung Valley continue to be butachlor
and pretilachlor. Pretilachlor was selected because of its populanity among
e, the farmers since it was among the cheaper herbicides available. Pretilachlor

{2-chloro-N-(2 6-diethylpheny])-N-(2-propoxyethyl ) acetamide)
i (Ci17HxCINO7 belongs to the chloroactamide class of herbicides. which
inhibits plant growth and reduces cell division, It offers reliable pre-
emergence o carly post-emergence control of annual grasses, some sedges

and broad-leaf weeds for high vield in transplanted and dry-sown rice
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cropping systems. It is especially designed for early season weed control in

wet-sown rice and rice nursery beds.

CHzGH;

EOCHC
iy

.\l: HaGH7 O G Ha Gy
CHoTH,y

Figura 1: Structure of Pratilachlor

Although there is a lot of literature on the effect of various agrochemicals,
including pretilachlor, on soil microflora, the corresponding processes are
still poorly understood (Imfeldd Vuilleumier,2012).A non-apparent impact
of applied herbicides or pesticides is on non-target species, particularly soil
bacteria, These are essential to not only plant health but also to nutrient
cycling. Among the most important microflora in the rice ficld arc the
phosphate-solubilizing microorganisms (PSMs). Grennan (2008) pointed out
that phosphate is the most limiting mineral in cultivation. Lienerally,
phosphate fixation limits the amount of phosphate available 1o plants. This
affects plantgrowth to the extent that plants suffering phosphate starvation
show stunted growth as well as poorly developed root and shoot systems
(Hewitt er af., 2005). In the light of this fact. the role of PSMs in plam
growth becomes abundantly clear, Among the PSMs, bacteria contribute
matorly to the phosphate solubilizing activity in the plant rhizosphere since
they make up to 50% of the total soil microbial population (Alam, 2007},
These phosphate solubilizing bacteria belong to the genera Preudomonas,

Bacillus, Rhizobivm, Burkholderia, Servatia, Enterobacter, Rhodocoeens and

Spectrum: Science and Technology. Vol, 3, 2016
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Arthrobacter. Amang the phosphate-solubilising bacteria, Bacillus sp. show
remarkable telerance io herbicides. The aim of this work is to nat only show
the effect of the herbicide presilachlor on PSMs but also show the

development of resistance to the same
Materials and Methods

Pretilachlor was purchased from a local store supplier of agricultural
products as Pretila® containing 50% EC w/w pretilachlor.

All other chemicals and dehydraied media used were from HiMedia™
Laboratonies,

Sample Collection

The samples were collected from 3 designated areas within the Sung Valley
of West Jaintia Hills District of Meghalaya, (25.553494 N, 92.112995 E).
The soil of the chizosphere of rice plants were collected by uprooting the rice
plant and cellecting the root along with the soil in a sterile plastic bag. The
same was then transported to the laboratory for further study, In all a total of

30 rhizosphere soil samples were collected in individual sterile bags.

Soil pH determination

Soil that had been air-dried for 4 days was used in a 1] suspension in
Millipore water. The soil suspension was then stirred over a hot plate
magnetic stirrer for 10 minutes. The temperature was maintained at 25°C for
all samples 1o maintan uniformity. A pre-calibrated pH meter equipped with

a glass electrode was then used to measure the pH.

Determination of soil organic content

Spectrurm: Schence and Technolagy. Vol 3, 2016
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The determination of soll orpanic carbon s based on the Walkley-Black
chromic acid wet oxidation method. Oxidisable matter in the soil is oxidised
by | N KaCr:0)- solution. The reaction 1s assisted by the heat generated when
two volumes of Hx504 are muxed with one volume of the dichromate. The
remaming dichromate is tirated with ferrous sulphate. Organic content of
s0il was determined by the method described by Sebiomo (201 1) with slight
modifications. Soil samples (RFR, 2RFR, SRFR., 10 RFR and Control) were
taken every [0} days for a period of 30 days. These were sieved through a
(1. 5mm sieve and |g was suspended in 10ml of |M K:Cr207 contained in a
250mil conical flask and swirled to distnibute the soil uniformly. To this 20ml
of concentrated HaS04 was added and the contenis were vigourously mixed.
The flask was placed in an ice bath for 30 minutes after which 100mil of
water was added. 0.5ml of ferroin indicator (1.485 g o-phenanthroline
monchydrate and 0,695 g ferrous sulphate in 80 ml millipore water, diluted
to 100 mL) was added 1o the flask. The Aask conlents were then titrated with
0.5 N FeS0Oy solutions till the end point was reached with the colour
changing from green te dark maroon. The caleulation shown below was used

for determining the percentage organic content:

03 g x &N x 10 mL x (1 T/5 2100

Organic Carbon [%)] =

o
Whare:
1] = Normality of K2Cr207 solutlen
T = Volume of FeS04 used in sample titration (ml)
5 = Volume of Fe504 used in blank titration {ml)

0OW = Oven-dry sample welght (2
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Basal Soil Respiration (BSR)
The basal respiration of soil samples was studied on rhizosphere soils treated
by spraying with pretilachlor i.e., RFR (5.5 mg/sq fi. soil), 2RFR, 3RFR and
10RFR} and untreated rhizosphere seil as control. The methods described by
Cheng et al, (2013) with modifications adapted from Benslama &
Boulahrouf (2013} were used. 50 g samples were removed from each of the
rreated samples and ncubated for 24 hours at 25°C i S00ml comcal flasks
with an absorption vial containing 2 ml of 0.1M NaOH suspended at the
ot of the fask, The fask was then sealed to be aimight. This i done fo
capture the 0Oz produced by the soil respiration. Control flasks without soil
WeTe 2150 2L up In he same way with 2ml vials of YW RaOh suspended at
the mouths of the flasks. This was followed by a 24 hour incubation period at
25°C after which time the NaOH solution samples were each poured into a
flask containing 4ml of 0.05M BaCl: solution. The precipitated carbon was
in the form of BaCOs. Phenolphthalein indicator was added into the flasks
followed by titration with (.1 M HCl. The difference of consumed volume of
HUT between the treatment and the control in titration was used o calculate
the quantity of CO:z evolution from soil microbes, | ml 0.1 M consumed
MaOH was equivalent to 2.2 mg COz All soil samples were studied every

five days for 30 days.

Enumeration of Bacteria from the rhizosphere soil before and after
pretilachlor treatment

50il from the rhizosphere was collected by gently shaking the roots of the
rice planis o dislodge the soil aggregates around primary, secondary and

tertiary roots of the plants. Adhering soil was gently scraped with a sterile

Spectrum: Science and Technology, Vol, 3, 2016
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spatula. Senal dilotion was then performed to isolate the bactena from the
rhizosphere soil. 1000l aliquots were plated onto LB agar, The plates were
then incubated at 30°C for 24-48 hours after which colony counts were
conducted, Bactenal and isolates were characterized based on cultural
characteristics and binchemical tests, Identification was thereafter made with
reference to Bergey's Manual of Systemic Bacteniology {1994). The bacterial
colonies were isolated individually on nutrient agar plates and maintained on
agar slants for further study, Rice plants removed from Sung Valley were
replanted in pots and flooded. While maintaining a control with no
pretilachlor added, planis were treated with Recommended Ficld Rate (RFR)
of 0.5 and 1.5 kg ai. ha' (Bhowmick er af, 2014), twice Recommended
Field Rate (2ZRFR), five times Recommended Field Rate (5RFR) and ten
times Recommended Field Rate (10RFR). 501l samples were removed every

5 days for 30 days and bacterial colonies were 1solated using senal dilution

plating on LB agar and enumerated.

Isolation of Phosphate Solubilising Bacteria from the rhizosphere soil

All the isolates were screened for their phosphate-solubilizing ability on
Pikovskaya agar ( Pikovskaya, 1948). The bacteral 1solates were streaked on
Pikovskaya agar and incubated for 72 hours at 30°C. Pilovskaya Agar has
the composition (Surmange et al., 1997y glucose, 10 g/L; CayPOs)z, 5 g/L;
(NH 2506, 0.5 g/l: NaCl 0.2 pL: MgSO47H:0. 0.1 g/L: KCL 02 g/l
yeast extract, 0.5 g'L: MnSCO4-H:0, 0.002 g/L; and FeS04-TH;O, 0.002 g/L.
The presence of a zone of clearance around the bacterial colony indicates

that 1t 1s positive for phosphatase activity.
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Temonstration of susceptibility to pretilachlor

T solated phosphate solubilizing bactena were plated in a series of petn

Swses containing  Mineral salt medwm (M5M) agar and pretilachlor

swunts ranging between 10ul/ml — 50 ullml pretilachlor. The MSM agar

= the composition @ KHaPOs, 4.6 g/l KaHPOa, 1.3 g/l NHaNOn, 1.0

L MeSOWTH:0. 0.2 g'L: CaNOap4H:0, 004 g/l and Fe(SOa),
01 g'l., The pH was adjusted 1o 7.0 = 0.2 with HsPOs or above 10ul/ml.

e were then

Results and Discussion

sail pH

The soil samples collected were of the clay loamy tvpe of top soil. The sl
samples were generally dark in colour, almost black with slight differences
m colour between the samples. The =oil was of the silty loamy variety. The
soil pH was found to range from shghtly acid (6.2) to neutral (7.2}, Table 1,
describes the values of pH seen in the 30 soil samples. Bhaskar ef wl, (2004}
that generally soils of the Meghalaya plateau range in pH from strongly
scidic to moderately acidic. As evident from the table. our findings of the pH

of the Sung Valley are more in line with Syiem ef al, {2010

Determination of soil organic content (80C) or arganic carbon %

The soil orgamic content did not vary too much between the untreated
samples and those which were treated with the recommended rate (RFR)
cven lwice the recommended field rate (2RFRY) However it became

mereasingly apparent that soil organic carbon "s decreased drastically upon

Spectrum: Science and Technology. Vol. 3, 2016
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adding SRFR and even more so with 10RFR. From Tahble 2, it can be noted
that from day 20 onwards the organic carbon percentage begins to recover in
SRFR and 10RFR treated samples, indicating that the toxic effect of the
herbicide becomes more pronounced at higher field rates. At lower RFRs,
there was only a shght repression of soil orgamic content and the SOC began
to increase more than the control at ZRFR indicating that at lower
concentration pretilachlor promotes growth of soil microorganisms and a
proportional increase in organic content. This 18 probably due to the ability
of the soil microbiota to degrade and use pretilachlor as 4 nutnent source,

The same effect could not be observed at higher concentrations of

pretilachlor.
I B
il Organic Content
50 8 . Control
7 ; ~ RFR
| 2HFR
E'it [
=
=z 5
.E | e [ F
o4 =il I RFR
o
= | SRFR  —w—3RFR
g‘ =i | (IR FR
)
n\_,__,(_a/—-x 10RFR =s=—Controd
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Figure 2: Change in 50il Organic Content over 30 days
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adding SRFR and even more so with 10RFR. From Table 2, it can be noted
that from day 20 onwards the organic carbon percentage begins to recover in
SRFR and 10RFR treated samples, indicating that the toxic effect of the
herbicide becomes more pronounced at higher field rates. At lower RFRs,
there was only a slight repression of soil organic content and the SOC began
to increase more than the control at 2RFR indicating that at lower
concentration pretilachlor promotes growth of sl microorganisms and a
proportional increase in organic content, This 15 probably due to the ability

of the so1l microbiota to degrade and use pretilachlor as a nutrient source.

The same effect could not be observed at higher concentrations of

pretilachlor.

Soil Organic Content

Control
7 RFR
5 ZRFR
2 ==p== R
w=fill= 1 FFR

Organic Carbon %

Pl

CAFR == SRFR
infe 1 0RFR

_f—u LORFR == Control
e
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Dayvs

=]
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Figure 2: Change in 50il Organic Content aver 30 days
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Table 1. pH Values
St oH Vakias
Wit CaliDy

1 7.02 124 735
2 £.35 734 Eta
3 E.74 731 714 |
4 7.12 590 f.72 |
5 732 731 B.57
& 6.9 EED 5827
7 T4 Bll B.40
& 7.1 7 06 552
5 549 T .84
1 545 677 6.73
11 T8 718 547
12 617 B 5.4k
13 6.0 .87 713
14 713 [¥T .
15 .57 625 717
16 ¥ a.66 EM
17 [E 7.04 739
18 6.67 702 Ean
15 f.dl N 51
] 17 675 &7
i B.E5 633 £.52
12 6.37 696 B.53

F i .50 T B.ES
24 708 710 7.36
= 7.3z 637 7.24
L] B.55 ESQ 6,63
P 655 £ fidl .62
28 [ E.46 6.9 |
FT] .32 65§ 7.00
ETH £ 53 600 847 |

Table 2: Seil Organic Conbent.

Days RFE 2RFR | SRFR | IORFR | Comirol
3 6.54 5.59 e 1.25 .00
L0 556 507 TRT 107 721
15 537 .67 2.23 1.18 7.36
0 6.69 T 2,04 1.28 7.36
25 7.19 .39 1.63 |98 718
30 7.0 .38 3.39 200 719
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Basal Soil Respiration (BSR)

There was little difference in BSE between the RFR and 2RFR treated
samples. However, in both cases BSR is seen to increase more than the
control samples. This may be indicative that similar to the findings of
Radoscvich et al, {1995), low doses of herbicides actually promotes BSR.
At higher concentrations of pretilachlor, the BSR iz severely repressed,
reflective of the toxic effect of the herbicide. This is evident at SRFR and
1ORFE.

Enumeration of Bacteria from the rhizosphere soil before and after
pretilachlor treatment

At low dosage of pretilachlor, RFR and 2RFR, the no of CFLUs were similar
to untreated control soil samples (Table 3 and Figure 3). At higher
concentration SRFR and 10RFR, the number of CFUs was seen to decrease,
albeit by a very small amount showing that the presumed toxic effect is has a
minimal impact on rhizosphere soil bacteria, However, even at day 3, the
recovery of SRFR and 10RFR back to untreated CFL levels has not begun,
The difference in the number of CFUs is however, not very large,

Spectrum: Science and Technology, Vol. 3, 2016
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W RFR
m ZAFR
H BAFA

B 10RFR

Cay 5 Dy 15 Day 30

Days after treatment

Figure 3: Population count of heterotrophic bacteria after application of
pretilachlor

Table 3. Total Populafion of total heteroirophic baderia after prefilachlor
application (CFU x 10%g "ssil)

Day 3 Doy 1.5 Daiy 20 Mean

 Contral 13 114 118 115
RFR 112 13 115 114
2RFR 111 T2 | Tia 113
SRFR | 109 117 | 113 111
10 RFR - | 104 107 1K 108
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Isolation of Phosphate Solubilising Bacteria from the rhizosphere soil

Phosphate solubilizing bactena were 1solated from the rhizosphere soil. ¥
colonies were isolated with three being moderately active phosphate
solubilizers, with a 5-6mm zone of clearance, and the remaining had only

very little phosphate solubilizing activities 1-2 mm zone of clearance.

Figure 4: Colonias of phosphate solubilizing bacteria

Demonstration of pretilachlor  sesceptibilitn  and  isolation of

pretilachlor-resistant phosphate solubilizing bacteria

The phosphate solubilizing bacteria isolated from the rhizosphere soil
showed susceptibility to pretilachlor at concentrations above 20uliml when

plated on Mineral salt medium (MSM) agar enriched with phosphates.

Spectrum: Science and Technology. Vol, 3, 2016
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Conelusion

This study observes that herbicide concenration does affect the microbial
count. Pretilachlor at RFR was not observed 1o affect the soil microbial
communities (Murato et af, 2004). At low doses. bacterial counts are not
affected but basal soil respiration and organic carbon percentage do show
observable reductions with increase in the herbiode concentration. It has
been suppested (Radosevich er wl. 1995) that at low concentrations
herbicides such as glvphosate can be nutrients for bacterial growth. This
study has also demonstrated the phosphate solubilizing bacteria are negative
affected by high concentrations of pretilachlor, It would make for an
interesting study to show how other parameters of growth, such as protease

and dehvdrogensse activities are affected.
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8. Morphometric Analysis of the Mud Eel Monopterus Cuchia
From Meghalaya, India

Borisha Mary Kurboh'# and Rabindra Math Bhuyan'®17

Abstract

Monopterus cuchia (Mud eel) belong 10 the family Synbranchidae is fresh
water air breathing. In Meghalaya, the species locally known as Khabseid
and is considered as a nutritious and oriental medicinal value. The population
of this species has been declined o a great extend due to various
environmental and anthropogenic factors. This study is based on the
examination of specimens from two different areas of Meghalaya using 12
different morphometric parameters. It was found out that there is a positive
increage in the morphometric characters with increase in the length of the
fish. Vanation between the momphological characters was also noticed
between two differént habitats of the state. The correlation coefficient (r)
values of different morphometnic characters on total length were > 0.8
indicating a high degree of positive correlation. However, the fishes from the
two different habitats viz. Khasi Hills and Garo Hills belong to the same

SNECIEs.

Keywords: Monopterus cuchio, morphometric parometers, paositive
correlation

' assom Don Besco Unlversity, Azara, Guwahati fssars, India
* Dapartment of Fshery Science, 5t Antheny's Cellege, Shillang, Meghalaya, India
' Corresponding outhor email: rnshuyandhEgmail.eom

Spectrums: Science and Technology. Vel 3, 2016
ZEN 2349 2937




134

Introduction

Mud eel (Moraprerus cuchia) is fresh water air breathing: swamp
dwelling fish belong to the family Synbranchidse of the order
Synbranchiformes. Locally known as Khabseii in Khasi language in
Meghalaya and considered as a nutritious and tasty fish as well as a valued
remedy in oriental medicine, The species is commonly availahle in the fresh
water of Bangladesh, Pakistan, Northern and North-East India and Nepal
(Jingran and Talwar, 1991). The habitat of this species is fresh and salty
water as they are mainly found in shallow well vegetated water and mud.
They often spend their daytime hiding under stones and mud as they have a
burrowing habit (Nasar, 1997). The population of this species has been
declined to a grear extend due to various environmental and anthropogenic
factors. According to (Das and De, 2002), the status of Moneplerus cuchia in
India 15 endangered.

Several workers have reported on the biological studies of various
fish species at different level. However, a study on Moroprerns cuchia in
Meghalaya 1s scanty. Morphometric analysis is important for identifying fish
specics and their habitat as well as its ecological criteria, It is common to use
morphometric measurements to identify and classify fishes (Bagenal and
Tesch, 1978). Therefore, the morphometric analysis of this species from
Meghalaya was undertaken to find out the variations, if any, and growth
pattern from two climatically different habitats viz. West Khasi Hills District

and Garo Hills Districts of Meghalaya.
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Materials and Methods

For accomplishing the ohjective of the study, specimens of
Monopteruy cuchia were collected during the period of December, 2015-
March, 2016. This study is based on the examination of five specimens from
twa different areas of Meghalaya i.e Balat, West Khasi Hills and Garo Hills.
The specimens collected were brought to the Hatchery Complex, Department
of Fishery Science, 5i. Anthony's College, Shillong and rearcd in specially
desipned cemented tank (Plate-1). Owverall, 12 morphometric parameters
have been taken up for study according to the methods described by Lowe-
MeConnel (1971), Divider and measuring board, having graduations in
centimeter have been used for various measurements and were made to the

nearest millimeter. The regression equation used for the morphometric

characters against the total length was obtained by using the given formula:
Y=a+hX

Where, Y is the variable character such as head length, body depth ete., 'a’

is the constant value, b' is the regression co-efficient and 'x" 15 the toal

length. The comelation coefficient 'r' of these regressions was computed

using standand statistical formula.

Results and Discussion

The detail findings of the fish in terms of morphometric measurements are
listed in Table 1 and 2, respectively. The present study showed a positive
increase in the morphometric characters with increase in the length of the
fish from both habitats. Similar result was also reported by on M. cuchia
from West Bengal (Jana and Dasgupta, 2007),
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The regression equation as well as correlation coefficient (r) of different
morphometric characters (Y) on total leneth (X) of M crchia from Garo
Hills and West Khasi Hills was presented in Table 3 and 4, respectively. The
comelation coefficient (r) values of different morphometric characters on
total length were > (.8 indicating a high degree of positive correlation.
Moreover, if r > 0.8, 1t shows a highly significant relationship between the
two variables (Jyrwa ef al,, 20015) This shows that the growth of the fish is
good from the two areas studied.

It was found out that, there was vanation of morphological characters among
the species from two different localities. However, this vaniation may he due
o sex, nutntion and different environmental factors. This variation is found
to ke similar with the carlier report (Gould, 1966). The morphomeiric indices
exhibited a great varability in their behavior also (Mekkawy and Ashraf

2011
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' Table 1: Morphometric analyss of Menopferu: cochia from Gare Hills Meghalaya
5. No. Paromaturs Mean {mm] | Rangs (mm)

i Tatal Length {TL] 478 &40-730
2 Length of Covdal Peduncle (LCP) 163.6 153-180
3 Body Deprh [BE) A7 4 5. 50
a Haod Widih (A7) 8.4 7190

| 3 Head Deoth {HD) 34 30-40
8 Hend Langth [HL] 46,2 41-55
7 Fre-orital Lengih |FL) P4 210

| B Post-arbital Langeh (PO 37 35-40
e Upper Jo= Length {LIL) 31 30-32
14 Lowar Jaw Lemgih (LIL} J4.8 J4-34
11 Grope of Mouth [GOM] 10 ?12
12 Intar-arkital Langth (I0IL) 0.4 210

Toble 2: Marphamelric analysis of Mensplerus cwchra from Balal, West Khasi Hills,

Meghalaya
[ &L Na. Paromaiers Mean Bange {mm]
[rmim}

1 Total Length {TL) TS &20-800

2 Length of Coudal Pecuncle [LCF) 184 150-210

3 Bady Dapth (8O 524 50-55
4 Head Width (HW] 758 5381

5 Head Depth [HD) 78 31-40

& Head Length [HL) 4932 45-54

pd Pre-orbital Lengih {PL] 124 16-15
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B Post-orbital Length (POL) 428 35-47
o Upper Jow Langrh (LIL] 24 23.25
B Lower Jaw Langth (LJL) I0a 30-321
| -
i1 | Gape of Mouth |GOM) 10 912
12 Inter-orbital Lengah |1OL) B 2-10
Table 3: Regression equations of merphemelric paramelers of Monopherus cuchio from
Garo Hills, Megholaye
Paramaobors | Regression egquation Carralation eoetficient
(f=a+bX in
Length of Coudal Peduncle [Y) an Y =-398+030X 09971
Tatal Length (X
Body Depth (Y] on Tetal Length (X| Y =1234 + 005X 09315 E
Head Width [} an Tatal Length {X} =745 +023K 09525
Heod Depth (Y] o Tetol Length [X) ¥=-dfbs+ 012X 07474
Haad Langth [Y) on Total Lapgth ¥=-4231 + 014X 095454
(X}
" Pre-arbital Length |1} on Total Y=-14.60 + 0.04 X D912
Langth [X]
Fost-arbital Leng [T) en Tokal ¥=1.13+ 005X 09793
Length [X]
Upper Jow Length [T) on Toml T=1347 003 % 07458
Length [X)
Lawer law Length (¥) on Tomal ¥= 20032 + 0.02 X Q.9524
Langih {X)
Gope of Mouth 1Y) on Total Length Y=-11.03 + 003X CLRI7S
{x)
* Inter-orbital Length (¥) on Total Y=024+000 X 00125
Langih (X}
|
Table 4: Regression equalions of morphometric parameters of Monopherus cuchia from
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Bolos, West Khasi Hills, Meghalaya

Carrelation eosfficlant

Paoramaters Regreiian squation
g (Y=a+hX) in
- Length of Coudol Paduncie (1] on Tatal | ¥ = -35.18 + 0,30 % 0.9527
| Body Depih (1] on Tetd Lengdh (] Y =350 r 002K EXTED
i Fead Width [T} on Tatal Length [X) ¥=-039 +0.10 X 0.7489
L Head Depih (1] an Totel Length (%] ¥=0.91 + 005X 0.9357
Heod Length [T} on Total Length (X) =14.20 + 0,05 % | 0.9360
] Pre-orbital Length (Y] on Torcl Length (6] | ¥ = -2.31 + 003 X 0.510
Post-arbital Length [T) on Total Length (X) | Y = -8.34 + 0.07 X 0.9830
- Uoper Jaw Leng® [T] en Tetal Length [X] ¥=1815+001 ¥ 0.87 08
Lower Jaw Leagth (1] on Total Langth (X} | Y= 27.14 + Q.01 X 0.854
- Gope of Moul [7) on Taral Lengsh [X) | ¥ =-0.03 + .01 X 03057
1 inter-griital Length [¥) on Total Langth | ¥ = 4.67 + 001 X 0EvI0
- Morphometric measurements are widely used to identify differences between

fish populations. The growth rate of the fish might be associated with the

I size of fingerlings stocked, quality of feed supplied, culture period and

season (Miah ef af, 2015).°

Conclusion

13

The study of morphometric characters M cuchio from Gare Hills District

and West Khasi Hills District reveals that the growth pattern of the species 1s

in positive correlation though both the region differs climatically, The study
showed a positive growth pattern with inereasing length of the fish and a

high degree of positive comrelation with reference to the total length,
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The present analysis also confinms that though there is slight variation in
morphological characters, but the species is same as that are found in other

paris of the country.

However, as population of the species is declining over the years, its induced

breeding is the need of the hour o conserve and increase the natural

population.

The analysis of Monaprerus cuchia from Garo Hills and Balat, West Khasi
Hills of Meghalaya showed a positive growth of the morphometric characters
with increasing length of the fish and a high degree of positive correlation
with reference to total length. Variations between the various morphometric

characters with respect to the total length were also reported.
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9, Artificial Pancreas: A Review
Yioling Kalita'® and Linu John'8!?

Abstract

An artificial pancreas is a closed-loop system containing only synthetic
materials which substitutes for an endocrine pancreas. It will consist of
functionally integrated components like a sensor that will continuously sense
glucose levels, determine appropriate insulin dosages through algorithim device
and deliver the insulin. Closed loop control utilizes models of glucose
homeostasis which account for the influences of factors such as feeding, stress,
insulin, exercise, on bleod glucose levels. Models are necessary E'-n-rl
understanding the relationship between blood plucose levels and insulin |

dosing; to develop algorithms controlling insulin dosage; and customizing each i
user's system based on individual responses to such factors that influence |
glycemia. Components of an artificial pancreas are now being developed which
includes continuous glucose sensors; insulin pumps for parental delivery; and
control software, all linked through wireless communication systems which are
greatly benefitted to patients with diabetes.
Keywords: Dicbetes, Artificial poncreas, Bioengineering approach,
Gene Therapy Approach, Confinvous bleod glucose
monitor, Insulin pump, Control Algorithm Devica.

'8 Deparfment of Biotechnalagy, 5. Anthnay's Cellege, Shillerg, Meghalaya, India.
I? Correspending euthar emall » Dnumearks @ anell.com
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Introduction b this Xy
Diabetes is a long term condition that causes high blood sugar level in a . 10% of al
body. Afier the consumption of food, body breaks down the sugars present in as juvenil
the blood and turns it into glucose which travels through blood stream and disorder
provides energy. To accomplish this, the pancreas needs to produce a procacing
hormone called insulin. In a person with disbetes also termed as Diabetes People w
Mellitus, the pancreas either produces too little insulin or none at all, or the ' people w
insulin can’t be used effectively. This allows blood glucose levels to rise (Found
while the rest of the cells are deprived of much needed energy. Commoniy In Type2
used terms in diabetes are- Approxin
Hypoglycemia - It is a term used when blood glucose is low, { Foundat
Hyperglycemia — It is a term used when blood glucose is oo high. of insulin
In 20013 1t was estmated that over 382 million people throughout the word l to the us
have diabetes { Today, 2004}, ! levels of
Ditferent types of [Dhabetes are- mnsulin-p
Type 1 Diabetes- ey
begins ik

S ' Typel
- H darms pplnen apes Busirgg
r—-.:___-“ ” ;:.:..-til-:.uur il

- Howeve

—E - can be
Ay - - [P R—"TY W— g
- o g

. == . ) [ e e LT = |
R Type 1 Diabotes ok 3
medicat
Figural: Type | Diabofes.

{source:

hHpa: v ww. google.codin/searchiq=type+ | and+iype+ 2 +diobetes+ photosfespy= 28 blw=
1344850h =477 &tbm=hchibo=ulsource=univlso=X&ved =DohlUKEwidy IDZAMLLANW WY C
IEHY IHEEUGAQIHwHimgre=v X Nr s dmac I wpBalA)
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In this type of diabetes the body doesn't produce insulin. Approximately
10%% of all the diabetes cases are Typel (Campus, 2016).Tyvpe 1, also known
as juvenile diabetes or insulin-dependent diabetes, is an immune system
disorder where, the patient’s own immune sysiem attacks the insulin-
producing cells in the pancreas, desroying the ability to manufacture insulin.
People with type | diabetes are dependent on insulin intake (fig 1) Most
people with Type | diabetes are diagnosed as children or young adults
{Foundation, 2016,

In Type2 diabetes body doesn’t produce enough insulin for proper function.
Approximaely 90% of all the cases of diabetes worldwide are of this type
{Foundation, 2015). The major challenges of type 2 diabetes is the presence
of insulin resistance, where the cells that need energy don’t respond normally
to the vsual amounts of insulin. The pancreas has 1o produce much higher
levels of the insulin in order o manage blood glucose levels. Over time, the
insulin-producing cells in the pancreas can bum themselves out due to this
overproduction which iz the point at which a person with Type 1 diabetes
begins to require insulin medication {fig. 23

Type 2 Diabetes-

However, in earlier phases of this more common type of diabetes, the illness
can be effectively managed with diet, exercise, and careful monmitoring of
blood sugars, People with Type 2 diabetes may require a variety of oral
medications and eventually insulin (Foundation, 201 5).
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Contino
RS ‘ Technolo
Dl?-n:h:?:ﬂrlfnlurn . |
= B E—I:-;“-m_d srehior Arificial
L wied
T ——— 1. Pravid
L B e ] LS e autormiaiig
- e g im Bher Blicvndd
e Sy Type |l Diabetes 2. It help
Figure & Type 2 Diabetes periaimmng
[souree. d
httpas ) fwwosgoagle.coda feasrchig=typa+ | and-+type+ 24 diabates+ photeaRaspv=28hiw= AIIOn.
1 3468 bR= 67T B tbm=ishBibo=ul tourca=ymivkio=X & ved=0ahUKEwity TDTBMLLARWWC 3. Promg
I-H:'.HH’JHIKL'}:#.WH#Imqm=v1HrrISJmu3wfﬁ%.EA]
needed o
Full cure for diabetes has not vet been discovered but different approaches begins a
like The Bicengineermg approach, The Gene Theory approach and The control th
Medical Equipment approach have been taken up by different medical
institutions, The review is based mainly on the medical equipment strategies, Basal Ce
The Juvenile Diabetes Research Foundation (JDRF) is orchestrating @ major I i the §
L]
initiative that promises to give the world its first fully automated artificial v
pancreas by using Continuous Glucose Monitor (CGM) of transfonming ‘:'ih 2o
&
Type 1 Diabetes to Type Mone.
glucose |
The Medical Equipment Approach { When
It 15 the equipment with a close loop control using real time data from a AUTOMath
continuous blood glucose sensor along with a control algorithm device and 2. When
an msulin pump. the quani
the basal
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Continuous Blood Glucose Monitoring

Technology for blood glucose monitoring supports the mission of the
Artificial Pancreas by:

1. Providing a blood glucose reading withow finger sticks from the user
automatically after every few minutes,

2. It helps in the prediction of blood glucose levels by monitoring trends
pertaining to rising and falling of blood sugars which is helpful in the
immediate future,

3. Prompting the user for a correction bolus from an insulin pump that is
needed immediately by comparing the sugar levels and predictions which
begins ot high blood sugar and at low blood sugar threshold (“Glucese

control therapy research,” 2015).

Basal Control

[t is the first step in controlling an insulin pump based on a continuous blood
glucose data which automatically controls the basal rate of the insulin pump.
When a bolus has not been recently performed, the pump manages the blood

glucose level by adjusting the basal rate as needed;

I. When the blood sugar is increasing, a small correction bolus can be
automatically delivered and a higher basal rate can be set.

2. When the blood sugar is decrcasing, the basal rate can be halted 1o deny
the quantity of mnsulin needed to bring the blood glucose level back up until

the basal rate can be continued at a new lower rate.
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3. The pumnp has adaptive fillering technigues, which ‘leam’ the unique basal
rates for the person as a function of the time of bay (Gerace, Martiniello-
Wilks, O'Brien, & Simpson, 2014).

History

Artificial Pancreas (AP} development can be traced back to 50 years from
the year 2015, the possibility for extemal blood glucose regulation was
established by studies in individuals with typel diabetes using intravenous
glucose measurement infusion of insulin and glucose (“Glucose comtrol
therapy research.” 2015).

After pioneering work by Kadish in 1964, expectations for effectively
closing the loop were inspired by the nearly simultaneous work of five teams
reporting closed-loop control results between 1974 and 1978 (“Glucose
control therapy research.” 2015). In 1977, one of these realizations resulted
in the first commercial device — the biostator, followed by another impatient
system, the Nikkiso 5TG - 22 Blood Glucose Controller, now in use in
Japan (“Glucose control therapy research,” 2015).

Juvenile Diabetes Research Foundation

Juvenile Diabetes Research Foundation (JDRF) has spearheaded great
progress in forming the ARTIFICIAL PANCREAS PROJECT (AFP) in
2005 (*Antificial pancreas,” 2016), which bring together the world’s leading
experts to speed the development of automated closed-loop system,

Spectrumy; Sclence and Technology. Vol. 3, 2016
(55N 2349 25937




juc basal

ptinicllo-

s from
Jon was
BV EThS

control

ectively
€ leams
slucose
resulied

wpatient
use In

1 great
PP) in
icading

14%

JDRF launched the Artificial Pancreas Project to accelerate the development
of a commercially viable artificial pancreas as a system to ultimately mimic

the biological function of the pancreas for patients with the Tvpe| diabetes.

“More recently, studies outside of the hospital are beginning to show that the
people with the Typel diahetes can successfully uwse these gystems.
Additionally, advancing the artificial pancreas could prevent costly
complications that are burdening our economy — a recent study by leading
health economics experts showed that an artificial pancreas could save

Medicare nearly $1billionover the next 25 vears (Gilles, 2016).

An Anificial Pancreas will consist of 2 continuous glucose monitor (CGM)
and an insubn pump programmed with a computer algonithm that "closes the
loop,” calculating insulin doses from blood glucose readings and telling the
pump to deliver the medication. In early versions of the artificial pancreas,
the CGM and insulin pump will be similar to the Biostators, if not identcal.
The main difference will be that one of these devices will house the
algorithm, a set of mathematical steps that takes into account varnious factors
to determine the proper amount of insulin to dispense CGMs transnmut. The
Artificial Pancreas is a transformational technology and one that is urgently
needed by the patients. The Anificial Pancreas combines a continuous
glucose monitor, smart phone, fwo insulin pumps with sophisticated
computer software to provide just the right amount of insulin and glucagon at
just the right time {fig. 5).

The technology will be especially helpful overnight, when 50 to 70 percent
of hypoglyeemic emergencies {dangerous low blood sugar) occur (Rawlings
& Director, n.d.}. Even with diligent monitoring, the majonty of the people
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YDBF launched the Artificial Pancreas Project to accelerate the development
of a commercially viable artificial pancreas as a system to ultimately mimic

the hiological function of the pancreas for patients with the Typel diabetes

More recently, studies outside of the hospital are beginning to show that the
people with the Typel diabetes can swccessfully use these systems.
Additionally, advancing the artificial pancréas could prevent costly
complications that are burdening our economy - a recent study by leading
health economics experts showed that an artificial pancreas could save

Medicare nearly S1billionover the next 25 vears ((nlles, 2016).

An Artificial Pancreas will consist of a continnous glucose monitor (CGM)
and an insulin pump programmed with a computer algorithm that "closes the
loop," ealeulating inselin doses from bloed glucose readings and telling the
pump to deliver the medication. In early versions of the artificial pancreas,
the CGM and insulin pump will be similar to the Biostators, if not identical.
The main difference will be that one of these devices will house the
algorithm, a set of mathematical steps that takes into account various factors
o determine the proper amount of insulin to dispense CGMs transmit. The
Artificial Pancreas is a transformational technology and one that is urgently
needed by the patients, The Anificial Pancreas combines a continuous
glucose monitor, smart phone, two insulin pumps with sophisticated
computer software (o provide just the right amount of insulin and glucagon at
Just the nght tme (fig. 5).

The technology will be especially helpful overnight, when 50 to 70 percent
of hypoglycemic emergencies {dangerous low blood sugar) oecur (Rawlings
& Dhirector, n.d.). Even with diligent monitoring, the majonty of the people
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with Typel diabetes still spend many hours a day outside healthy blood

sugar levels.

Artificial Pancreas Project (APP) uses will reduce dangerous high and low
blood sugars, providing a better quality of life now for those suffering from

the decease, and helping lower the risk of developing complications.

This wersssg of the artifcial
pand mmdd CAirling Al &
LA s Ej..r SR minMEa,
smartphone, snd L
PERTI S, W [ES S0 W e
Beaton HIE sludy
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urder the skin every
Fews misutes and
beams thie
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sroagripdngeg,

Two Pumps
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el Sirnsa Ephore s artficial-

PRI B .
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The smartphone conttains the
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plEoss rrsaR LT LS T

tho CGMA bo caloudiarte o rach
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Figure 5: Artificial Poncreas System Using Two Pumps
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with Typel diabetes still spend many hours a day outside healthy blood
sugar levels,

Artificial Pancreas Project (APP) uses will reduce dangerous high and low
blood sugars, providing a better quality of life now for those suffering from

the decease, and helping lower the risk of developing complications.

Two Pumps
Participants wsaear one pump
Thin wersioen of the eHshcinl cortaining Insiubn fdabich ko

RENCRESE, LONSHTNG o 3 biboad glucose) ane another

Lk e s o e b,

with glucagon {wiich raises [,
A b Fdeni, 4l Iwea
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Figure 5 Arificial Ponereas System Using Two Pumps
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hlood Mechanism Of Artificial Pancreas Project
= An artificial pancreas consist of a continuous glucose monitor {CGM) and an
LW
. insuhin pump programmed with a computer algorithm that "closes the loop,”
| TrQm

ascertaining msulin measurements from blood glucose readings and advising
the pump to convey the medication steps, CGMs transmit glucose readings
each one to five minutes from under the skin sensor to a handheld receiver,
which can be coordinated into a pump. This is a huge measure of data, which
is effectively handled by an algorithm. Three CGMs are currently available,
each having received Food and Drug Administration (FDA) spproval within
the past five years (Gilles, 2016; Berg, 2014). Unlike blood glucose meters,
CGMs measure glucose levels in the interstitial fluid. Interstitial glucose
readings commonly linger behind genuine blood glucose levels by ¥ to 10
minutes, which 15 most significant during periods of rapid change, such as
after a meal. That's a key consideration when designing a closed loop device,

since insulin doses will rely on those estimations (Rawlings & Director,

n.d.). "CGMs are only approved for tracking and trending” blood glucose,
not for determining an insulin dose,” says Chip Zimliki, PhD, the chair of the
artificial pancreas working groups, the units of the FDA that review research
proposals related to the development of the device (Rawlings & Director,
n.d.).

The following segment to CGM is an insulin pump. 15 2 beeper sized device
that 15 frequently tethered to the body through an adaptable ube embedded
into the tssue simply under the skin, [t conveys insulin as coordinated by the
user. Yet not at all hke insulin that onginates from the pancreas, insulin

conveyed into tissue requires some investment to get into the circulation
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system, where it can bring down blood glucose. Individuals with diabetes
regularly take insulin |5 minutes or so before a meal. giving it fime to start
working. It might appear as an obstacle however programmed premeal and

postmeal boluses input will make it work easier,

The two model based algorithms furthest along in clinical studies are those
of Kovaichev and Roman Hovorka, of the Univemity of Cambndge in
England. Both algorithms compute insulin measurements once more as new
glucose readings stream in, The primary contrast is that Hovorka alters itself,
as well, while the Kovatchev algorithm, after imitialization, doesn’t change
{Rawlings & Director, n.d.). While the artificial pancreas 15 intended to
totally assume insulin dosing and keep bleod glucose in the objective reach,
there are as of now some incomplete "half loop" solutions becoming
accessible. A Medtronic device available in Europe give an algorithm 2
chance to have some control over an insulin pump, however it's not a
genuine artificial pancreas. The device, the Paradigm Veo, combines a CGM,
a pump, &nd an algorithm, which can shut off insulin for two hours it blood
glucose dips below a threshold, Medtronic sells a similar system, the

Paradigm Revel. in the United States—minus the shutoft feature.

University of Virginia's DiAs artificial pancreas system 15 on clinical trial
testing and named as DiAs system. This research platform consisis of an
Android Smartphone running a control algorithm, a Roche msulin pump, and
a Dexcom G4 Platinum CGM (Foundation, 2016) with a special Bluetooth
box (fig.6)
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Components of DiAs system?

|. The Dexcom CGM value is received alier every five minutes wirelessly
from an Android Smartphone with & control algorithm.

2. The amount of msulin to be delivered 15 calculated by the algonthm
running on a phone based on the current and predicted blood ghicose and
msulin on board. It glucose 15 predicted to go oo high or too low then
addinonal insulin is given or suspended respectively. The glucose target
varies by time of day which s more apgressive at night and conservative
during the day,

3. A wireless command is sent to the pump to give the calculated amount of

trisulin

Figure &: The DiAs Anificiol Pancreas System

tsgurce-hittpi S diotribe.org taking oriif ol d2boyursday )

4, The same is repeated every five minutes during the day or at mght while
the closed-loop is runmng. The meal information have to be entered into the
svstem (number of carbs) during the day, which makes thisa “hybnd closed-

loop™ (“treat-to-range”) system (Foundation, 2016,
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Development Pathways of Artificial Pancreas Project

The 6-stage Artificial Pancreas Project (APP) advancement pathway
demonstrated as follows (fig.7) serves as the APP’s key subsidizing arrange
and characterizes the needs of item innovative work. Every progressions in
the arrangement speaks to incremental advances in automation beginning
with devices that shut off insulin conveyance to avoid scencs of low glucose
and advancing eventually progressing to a completely robotized “closed
loop™ system that maintains blood glucose at an objective level without the
need to bolus for meals or adjust for exercise. The APP pathway is depicted
in three generations- the first, sccond and the third generations respectively
which are described in detail (“A pathway to an artificial pancreas: An
imterview with JDRF's Aaron Kowalski,™ 2014).
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Figure 7: The & step APP pathway combined together in three generations.
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First Generation

|. The first generation items insteps -3 concentrates on anticipating perilous
high and low glucose levels and means to maintain the level approximate|y
between 70 and 180mg/dL {“Artificial pancreas,” 2016).
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2. Preventing episodes of low glucose 15 the main focus of step | and step 2
and thus aim o constrain the time a person spends below 70mg/dL. While a
Stepl product suspends insulin conveyance in react to low glucose
levels, Step? product enhances the capacity to foresee approaching episodes
of low blood sugar and consequently shuts off a reduce nsulin delivery if the
person is lethargic to notice alers. Such a framework may not prevent all
episodes, but rather will allogether diminish this events contrasted with
current treatment alternatives.

3. Step3 in the armangement includes a component that anticipates nsky high
glucose levels, not withstanding low glucose levels, consequently the name
‘hypoglycemia’hyperglveemia minimizer’. This product represents First
Generation, semi —automated, artificial pancreas product concept since the

aser will still need to set baseline insulin delivery, as well as bolus for meals.

Second Generation

1. The Second-Generation product concept is represented by Step 4 and Step
5. Step 4 is referred to as a “Hybrid Closed-Loop™ product as it targets a
specific blood sugar level instead of a range. Bolusing for meals will still be
necessary in this plan of step 4.

2. The next advance step is shown in Step3 that eliminates manual premeal
baluses to result in a fully automated, closed-loop artificial pancreas product.
This product concept will require research and development of advanced
msulin and improved glucose sensing technologies (“Antificial pancreas,”
2016).

Spectrum: Sclence and Techmology. Vol. 3, 2016
SN 2349 2937



156

Third Generation

The third generation product concept ig shown in Steph. This final concept
adds the ability 1o dose potentially more drugs to closely mmmic the way the
body maintains blood sugar levels and thus improves blood sugar control.
Pumps are required in this concept that can deliver two or more solutions
(insulin pump and glycogen pump). as well as the development and approval

of additional hormonal drugs (“Artificial pancreas,”™ 2016).
Global Study of Artificial Pancreas Project

Western Australia’s wellbeing division specialists at Princess Margaret
Hospital for Children (PMH) added to an insulin pump which acts like
artificial pancreas to treat Xavier Hames Twvpel diabetes, Xavier Hames, a
four year old kid in Australia who has turn into the primary individual on the
planet to be fitted with a manufactured pancreas in a historic innovation to
treat diabetes. This new insulin pump framework has been created by expert
group at PMH and also a system of healing facilities crosswise over
Australia financed by Juvenile Diabetes Research Foundation (JDRF), a non-
benehit organization (Press, 200 5). Hames was found to have diabetes when
he was only 22 months old. He has been getting general treatment at PMH
since his diagnosis and 1s the first child, outside of the clinical tnials, to use

the new gadget (fig. 8).
Francis J. Doyle and colleagues from the University of California

santa Barbara uncovers how the gadget can persistently gquantify an
individual's blood glucose levels and consequently convey insulin when
required. They distribute the subtle elements of their creation in the journal
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T
s Inclusirial & Engilneering Chemistry Research. As per the Amencan |
Diabetes Association, around 1.25 million grown-ups and kids in the US
o
have type] digbetes, of which around 2 lakh populations are less than the age
of 20.Doyle and colleagues say their new device of aruficial pancreas could
make oversceing typel diabetes muoch less demanding. nullifying the
ia requiremnent for finger pricking and various infusions { Whiteman, 2015).
- In their study, the specialists detail the making of a completely implantable

artificial pancreas that uses an algonthm 1o screen patients” blood glucose
levels and sscertain the insulin measurement required, which is then
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consequently conveyed to the body. On leading PC testing of the device
including recreation of an ascent and fall in glucose levels that happens after
meals for the duration of the day, the team found that it was kept up the ideal
blood glucose scope of B0140mg/dL, 78% of the time, "with no time spent in
hypoglycerma”. Speakmg about the device at a press conference when 1t was
initially divulged back in January, Doyle says she trusts it can possibly

change tvpe | diabeles administration, adding:

"The closed circuit system provides much tighter control at an unprecedented
level to minimize complications and te improve the quality of life, It will
have immediate benefits, as it will lower health care costs in the country and
it will reduce the amount of decisions people with diabetes need (0 make on

& constant basis” (Whiteman, 201 5).
European Association for the Study of Diabetes

The European Association for the Study of Diabetes reported a tmal study in
Annual Meeting in Stockholm. The volunteers for the study were fitted with
both a glucose sensor and an insulin pump. Now and again they settled on
their own choices about when to receive insulin. Amid the remaining time,
the computer program naturally ascertained a suitable measure of insulin and
like clockwork, remotely advised the insulin pump the amount to discharge
into the body wirelessly after every 12 minutes. In the investigation of 33
adults, glucose stayed in the objective scope of 70 to 180 milligrams for each
deciliter, 68 percent of the time when the software controlled the discharged,
versus 57 percent of the time when the volunteers controlled their insulin
discharged. The change was most processed during the evening, when levels

were in the ordinary extent 59 percent of the time versus 29 percent without
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utilizing the software, The adult study members lived in the UK., Germany
and Austria. The 25 youngsters and vouths in the companion study all in the
UK. just utilized the trial framework during the evening meal, tumning it oft
before breakfast. Glucose stayed in the target range of 70 to 145 mg/dl 60
percent of the time with the system and 34 percemt of the tme when the
insulin infusions weren't automatic. The benefits of tighter night time control
seemed to earry over to the day as well, said the research team, led by Dr.
Hood Thabit of the University of Cambridge (Pierson & Clarke, 2016).

Cambridge University and De Montfort University

The artificial pancreas being created by Cambridge University is comprised
of a remotely worn insulin pump which imparts by remotely o a continuous

glucose monitor worn as 4 patch on the skin.

Another solid comtender is an implantable insulin conveyance device
including & gel that reacts to changes in blood glucose levels. At higher
blood glucose levels, the gel permits a more prominent rate of insulin o be
discharged and at lower sugar levels; the gel diminishes the measure of
insulin it discharges. The implantable artificial pancreas is being developed

by researchers from De Montfort University.

Cambridge University’s closed loop artificial pancreas has been created and
has additionally been tried on people under controlled and home conditions.
Examines demonstrated that the artificial pancreas framework could expand
the measure of time study members spent in the night blood glucose level

extent by 22%.
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Dr Roman Hovorka at the University of Cambridge is chipping away at a
five and a halt year undertaking to produce a counterfeit pancreas model
(“Artificial pancreas.” 2016} and assess its capacity to enhance blood
glucose control at home and decrease the danger of ovemnight mesmerizing
adults with Type | diabetes. Also at the University of Cambridge, Dr Helen
Murphy is driving on a five vear venture o adjust the amificial pancreas
(“Artificial pancreas,” 2016} to control blood glucose levels amid pregnancy.
This examination could definitely diminish instances of stillbirth and

mortality rates among pregnant women with Type | diabetes.
Australian Artificial Pancreas Program

Set up in 1987, the Diabetes Australia Research Program bolsters and builds
up the field of Diabetes exploration in Australia. The system stores research
into counteractive action, adminisiration and a cure for diabetes. AAPP
scientists as of late started introductory clinical trials of their calculation.
Presented underneath is their first trial member, Brock Mueller, with some of
their group in the clinical trials office ar Humer Medical Research Institute
(fig.9). Information from Brock's trial gave check of the AAPP approach and
15 curmently being investigated to propel the calculation. The trial proceeded
with their second member who went along with them in August and three
more members in 2015, Australia Artificial Pancreas Research Program
gave 31.1 million in stipends w 17 scientists in NSW. This incorporated the
prestigious Millennium Award for Type | Diabetes Research, granted to
AAPP's Climical Director Dr Bruce King for his exploration into the
Australian  Artificial Pancreas calculation for reported and unannounced

mecals {Program, 201 5),
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Europe Diabetes Research Centre

The GlucoSitter artificial pancreas calculation 15 endorsed in the EL which
got a CE Mark in Europe, making it the principal ever amificial pancreas
algorithm to get administrative endorsement on the planet. The endorsement
15 an essential stride for the whole artificial pancreas field. The GlucoSitter
programming depends on the MI-Logic closed loop algosithm (Foundation,
2015) and is the result of the Diabetes Wireless Armificial Pancreas
l Consortium (fig. 10}, The gathering — made out of dinbetes focuses n
Germany, lsrael, and Slovenia — has been trying GlucoSitter in & huge
number of trials in the course of recent years. Utilization of the MD-Logc
calculation has altogether diminished patients' opportunity spent n

hvpoglycemia and expanded their time spent m-extent in overnight and 24-

hours/day use, In the group's study distributed in the New England Journal of
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Medicine (Foundation, 2015), diabetes campers on the framework had 68%
less hypoglycemia scenes and invested about twofold the energy in the scope
of 70-140 mg/dl overnight. In studies o date, the GlucoSitter programming
has keep running on a tablet or laptop that corresponds with a Medronic

pump (Foundation, 2015) and Medtronic Enlite CGM (Foundation, 2015)

Figura10-The Glucofitier Arificial Pancreas Algorithm.

(scurce-Fhps/ / dlotrbe arg / frsteverartificlalponcrecsioftworeraceivessuropeonop prosal)

Israeli medical tech firm DreaMed Diabetes

lsrael therapeutic tech firm DreaMed Diabetes has hit an arrangement with
Medtronic, the world's greatest medicinal gadge! organization, to utilize its
MDLogic Artificial Pancreas calculation in Medtronic's insulin pumps
created at an Isracli healing center to help patients in 120 nations. DreaMed
will hold responsibility for calculation, in order to have the capacity to utilize
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it to create different items. The calculation is as of now being used in a
gadget the organization itself has created, called the GlucoSitter, a
completely mechanized, simulated pancreas framework for controlling
glucose levels. The framework connects the glucose sensor with the insulin
pump through electronic control algorithm, It utilizes information of glucose
levels from a persistent glucose sensor, investigates them and guides the
insulin pump to convey the rght measurement of insulin to be discharged for
the body to keep up adjusted blood glucose. In actuahty. the product
constantly screens glucose levels, and characterizes comrectly when and how
e change insulin levels {Shamah, 2015).

The deal falls nght in with Medtronic's long standing efforts to develop an
artificial pancreas. Over the past several vears, the company has come oul

with several insulin pump and Continuous Glucose monitoring systems.

Boston University and Massachusetts General Hospital

The community oriented gathering from Boston University and
Massachusetts Cieneral Hospital cooperating to make robotized blood
glucose controls a reality. Engineers from Boston University have added to a
bionic pancreas framework that uses persistent glucose checking alongside
subcutaneous conveyance of both fast acting insulin {to lower blood glucose)
and glucagon (to raise blood glucose) as coordinated by a PC calculation.
The bionic pancreas consequently setiles on once again choice about insulin
and glucagon dosing each five minutes; That's 288 choices for each day,
Tdays every weck, and 365 days for every year.
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Artificial Project in India

On December 17, 2013 Narayana Multispecialty Hospital staried offering
treatment based on the artificial pancreas system for disbetes patient in
Hyderabad.

Sudhaker Jadhav, Facility Director of Narayana Hospital, Hyderabad told
news person that they were offering the Artificial Pancreas System for the
first time in India in Hyderabad and will also expand this to other hospitals
located in Bangalore and other places{fig 11).

Doctor Ford Gilbert, who holds a patent on the system that has been
approved by the US Food and Drug Administration, said the artificial
pancreas treatment will help diabetics by improving their metabolism.

The treatment procedure will need at least 10 sessions to find some
improvement, accordmg to Jadhav {Burean, 2013},

Conclusion

When JDRF started The Artificial Pancreas Project, little was happening in
the field. But through a strategic approach of direct funding and collaborative
venlures, dramatic advances using integrated smart technology o automate
insulin management have already occurred — with more in development and
being applied to real — world solution. Today, the Arificial Pancreas (AP}
systems are drawing closer to the market for the ultimate poal of Type None.
Outpatient trials of first gencration system are already underway. Immense
henefits can be drawn from artificial pancreas project but along with it there
could be some cons/challenges associated with the device.
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Fig. 11: (frem left) Dr. Ford Gllbert of Trina Health explaining the Arificial Poncreas
System in Hyderobad on Tuesdoy. Beside him are G. J. D. Rao, Senior Physician and
Disbeiologist of Merayans Mulliipecialty Hospital and Dan Fivher of Trina [Phote. ¥,

Sivalurmar.
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It has been argued that a machine may not be able to ever replace the human
mind when it comes to administering a comrect dose of mnsulin, because
everyone's body is different from each other, it may not be a flawless
system. And in some cases people may become too dependent on piece of
equipment, any malfunction of the device can be huge risk for their lives as
all devices can have malfunctions, and this piece of equipment will be

holding people’s lives in its hands.

Its benefits although could not be neglected. The initiatives that has been
taken is brninging us closer to making an artificial pancreas that fully
automates insulin dosage and achieves the ultimate goal of wming Type One

into Type None.
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10. Market Potential of some minor Fruits of East Khasi Hills
District, Meghalaya
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W.Lakiang?®

ABSTRACT

The article describes about the commercial potential of some minor fruits
available in the markets of East Khasi Hills district, Meghalaya. Indigenous
people of Meghalaya use a number of wild or semi wild fruits which lack
wide secale cultivation and trade. These minor fruits are essential for
maintaining a balanced nutritional profile and also provide some extra
income tothe rural people. Due to urbanization and change in life style, these
fruits arc slowly being forgotten. Because of this, there is a need to create
awareness among people about the importance of minor fruits. In this
investigation efforts were made to identify the minor fruits with better
commercial potential. From the market surveys, 25 fruit specics were
recorded, out of which Elacagmus larifolia, Myrica esculemta, M nagi,
Prunus nepalensis, Passiflora edulis, Docynia indica and Averrhoa
carambola were identified as potential species for commercial exploitation,
which can be used for large scale cultivation and trade.

Keywords: rhizosphere, microblome, endophytes, symbiosis, mycorrhizal, host
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Introduction

Minor fruits are those which lack wide scale cultivation and trade. They
grow wild or in homestead gardens without much care. Some of these fruits
are as delicious and highly nutritious as the commonly cultivated {major)
fruits. Minor fruits play an important role in day to day life of rural pecple.
They are important sources of essential nutrients like vitamins, minerals etc.
These fruits are important sources of food and medicine, thus playing a vital
role in providing nutritional and economic secunty to the poor masses in the
rural areas {Sankaran et al., 2005). These minor fruits, which are mostly wild
are collected and consumed by people of all age groups in rural areas.
However, with rapid urbanization and consequent changes in life style and
food habit of people, the minor fruits, which otherwise was an important part
of diet, is being neglected and slowly displaced by major commercial fruits.
Also, due to habitat destruction and rapid urbanization, these wild fruits are

becoming rare in their natural habitats (Kharshandi, Lyngdoh & Bokolial,
2005]). Thus stedies refated fo diPironr aspects of fossor Kaowe frfts are

secessary 1o bring them back to the limelight.

The northeastern state of Meghalaya (25°47°-26°10" N latitude and 89°45'-
32°47' E longitude) is a part of the Indo-Burma biodiversity hot spot of the
world (Myers, et al., 2000).The East Khasi hills district is one of the eleven
Sistricts of Meghalaya and located between 25°07" - 25°41" N and 91°217 -
92°09" E and covers an area of 2752 sq km. Average annual rainfall of the
district is around 1200 ¢m and temperature varies from 3.8°C o 28° C
(www.eastkhasihills gov.in). The climate of the disirict vanes from
temperate to sub-tropical and tropical in different stretches. The inhabitants
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are mainly Khasis and their sub-tribes, These indigenous people of the state,
through fheir expenence, nave devewped a nen wadimond wnowichge % a

variety of plant uses. The present investigation was carried out o record the
market potential of minor fruits used by local people of East Khasi Hill
district of Meghalaya.

Materials and Methods

The study was carried out in the year 2014-2015 Local markets from
different locations of the East Khasi Hills district were visited and frun
sellers were interviewed regarding price, availability and demand of the
minor fruits available in markets. Markets were visited on a monthly basis
kecping in mind the seasonal variations in fruit markets, Specimens were
collected and identified with the help of standard literature (Kanjilal ¢t al.,
1934-40; Haridashan & Rao, 1985-1987;Hajra, Nair & Daniel, 1997). For
highlighting the importance of the fruits, data about their nutritive values are
collected from published literature and incorporated in the paper. Collected
specimens were preserved as bottled specimen in the Department of Botany,
St. Anthony's college, Shillong for future reference.

Results and Discussion

Table -1 contains names of minor fruit species found in markets of East
Khasi Hills district together with their local names, mode of utilization and
reported nutritional values. A total of 25 numbers of species of minor fruits
belonging to 16 families of angiosperms were recorded during the
investigation. Rutaceac and Moraceae has the highest number of species
recorded (3 species each) followed by Rosaceae, Flacourtiaceae, Encaceae,
Arecaceae, and Myricaceae (2 species each). Some of the fruits recorded are
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available in most of the markets studied. whereas availability of someothers

1 confined to local markets only. Fruits like Artacargus hererophlius,

Baccewrea ramiflora, Castanopsis indica Elacagnus latifolia, Flacewtia
fangomas, Morus australis, Myrica esculenta, Passiffora edulis, Prunus
nepalensis ete. were available in most of the markets studied, while
Aphananthe cuspidata, A riocarpus lacucha, Citrus latipes, Docynia indica,
Entada rheedii, Gynocardia odorata, Rinschinensis, Vibussm Sfoetidumete

-ﬂ‘:'.‘r',-u.'.r.raﬂi".:-".-mji;h.* - T N s g

docrngur e socdaa Aadn

Emadarheedii, Gynocardia odorara and Fiburnum foetidim are marketed in
2 small scale and found less frequently in markeis. Agapeies variegara,
Cirrus latipes and Rhis chinensis were rarely sold in the markeis. Our survey
siso revealed that most of the minor fruits recorded from markets are
collected from the wild, Fruits like Emtada rheedii, Gynocardia odorata,
Rroschinensis, Viburnum joeridum etc are harvested from forests and sold in
the market. Species like Baccurea ramiflora, Elaeagnus latifolia, Flacourtia
angomas, Myrica esculenta, Phvilanthus emblica, Passiflora edulis, Prunus
sepalensis etc, are semi wild and found growing i the forest edges, near
buman settlement or in home gardens, It was also observed that all the |
species of fruits available in the markets did not have equal demands. Some
of these minor fruits are more popularfruits like Averrhoa carambola,
Elaeagnus latifolia, Myrica esculenta, Morus australis, Passiflor aedulis,

Prunus  wepalensis et are preferred by all, while consumption of

Iphananthe cuspidata, Docynia indica, Gywocardia odorato, Pinanga
gracilis, Viburmum foetidum etc. is mostly confined to local tnibal population.

Also, the prices of the minor fruis were found 10 vary widely depending on

location of the markeis. However, the fruits having more demand are sold in
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more or less constent rates in all the markets surveyed. Nutritional values of
some of these minor fruits suggest that they are easily comparable to the
common major fruits in terms of nutrition, Data available about nutritional
qualities of minor fruits shows that they are rich in micronutrients  like
vitamins and minerals and high in antioxidants{Table-1). This data can be
quite significant, as malnutrition and vitamin deficiency is of common

occurrence in the state of Meghalaya (1CDS, 2010},

Table-1
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Some of the minor fruits have found use in large scale production of food
items. Averrhoa carambola, Artocarpus heterophyllus, Elaeagnus latifolia,
Myrica esculenta, Myricanagi, Prunus nepalensis and Passiflora edulis have
been used by Department of Agriculture, Government of Meghalaya for
jam,  squash  and
/public/sales_corner'meg_products.aspx.) Pickles made from Docymia indica

making pickles  (htip://megagriculture.gov.in
are also available in the market. Considering all these aspects, we identified
Deocynia indica, Elacagnus latifolia, Myrica esculenia, M nagi, Prunus

nepalensis, Passiflora edulis as species having potential for large scale

production and eommercial exploitation. These wild or semi wild species can
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be introduced into an orpanized agriculture systiem for maximizing
production and commercial exploitation, Integration of these fruits into
agricultural systems will also serve the purpose of conserving these precious

genetic resources.

Minor fruits, once an integral part of a day to day life in rural areas are
eradually being forgotten and replaced by commercial fruits, These minor
fruits are pot only important for maintaining a balanced and healthy diet, but
also for providing financial benefits to the poor, especially in rural arcas. The
need of the hour is to make people aware of the health benefits of minor
fruits, identification and mass production of potential species and framing

proper strategies for their commercial utilization.

Fig-1: Aphanonthe cuspidota (sohbral)
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Fig-2: Baceureo ramiflors {seh ram dieng)
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Fig-4: Gymocordio odorofa (soh liang)

Fig-6:Prunus nepalensis (sohiong)
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Fig-8: Vaccimium griffithianem (soh-ryng-kham)
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11. Challenges in future SG networks and some potential
solutions: A Survey

Prebidite Roychoudhury®?

Absiract
The mobile communication scenano is expected 10 witness an unprecedented

growth in terms of capacity and wraffic volume in the next few years, The
current Fourth Generation (431 mohile networks also known as Long Term
Evolution — Advanced (LTE-A) will not be able to guarantee customer
satisfaction as perceived in the future connected society. Hence, il is
anticipated that by the year 2020 the Fifth Generation (5G) mobile services
will be rolled out. The 5G mobile networks promises o provide a fast,
efficient, ubigquitous and energy efficient mobile platform for users by
providing connectivity “everywhere”, at “anytime” and between “anything™.
However, the path to achieving this is not free of challenges. In this paper.

we delve into some possible challenges in implementation of 50 services

and also explore a few potential solutions in order to overcome the

challenges.

Introduction

The market for cellular data 15 growing at a tremendous pace (Schiller,
2001}, Starting from the humble First Geaecration (10G) Advanced Mabile

Phone Service (AMPS) analog mobile communication systems of 1983, 0

i Drepariment of Computer Science, 51, Anthony's College, Shilong, Meghaloya, India,
Correspandence 1o probidito,phulan@gmail.com
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be followed by 2G - Global System for Mobile Communication (GSM) with
digital voicc only services in 1990, 2.5G - Geneml Packet Radio
Service{GPRS), Enhanced Data Rates for GSM Evolution (EDGE] with
digital voice and limited data services in 1995, 3G-Universal Mobile
Telecommunication System (UMTS) with both voice and enhanced data
services in 1999 to the current 4G- Long Term Evolution Advanced (LTE-
A), WiMax with high speed data service, cellular systems have seen the birth
of a new generation at every decade. This has be largely prompted by the
explosive growth in mobile traffic. The growth in mobile traffic worldwide
in 2015 alone was 74% and this figure is expected only w0 grow in the future.
It has reached 3.7 Exabyies per month at the end of 2015, up from 2.1
Exabytes per month at the end of 2014, Mobile data traffic has grown 4,000-
fold over the past 10 years and almost 400-million-fold over the past 15
years. Global mobile devices and connections in 2015 grew 1o 7.9 billion, up
from 7.3 billion in 2014 and 36% of these were smart devices. These smart
devices generate 14 times more traffic as compared to non-smart devices
{“Cisco Visual Networking Index,” 2016). Given the above statistics, it 15
evident that even the current 4G cellular networks will not be able to meet
the growing demand for higher data rates and increased capacity. Hence, we
have the next generation 5G wireless networks which promise ubiguitous
connectivity, ultra-high transfer rates, near zero latency and enhanced
capacity of base stations in order 10 bring about a significant improvement in

user satisfaction.

Taking into consideration the rapid pace at which newer technologies and
applications in the ficld of mobile wireless communication are emerging, it
can be rightly predicted that the society of the future will be an “always
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h connceted information society™. Innovative and challenging applications and

services in the areas of infotainment, transportation. industrial and

h professional applications etc. provide impetus for the development of 3G
e networks, We now have intelligent transportation systems for efficient traffic
2 management, smart grids for delivery and management of ufility services

- like gas, electricity, water etc, smart connected homes, smart security and

h surveillance services for providing security to personal and industrial sites, e-
¢ heathcare for improved quality of healthcare, virtual reality, industrial
€ automation and many more. While some applications reguire enommous
A volume of data transfer like huge video files in virtual reality applications,
1 there may be others with periodic low data volume requirements like smart
- grids, Certain applications require real time data transfer and others may be

Lh

delay tolerant. These diversities in the requirements of application make the

p task of designing an efficient 30 network all the more difficult (Osseiran et
3 al., 2015).
5 - . X
The rest of the paper 1s organized as follows — section 1l explores some of
5 :
the challenges that can come in the way of implementation of 5G networks
= and enlists potential solutons that can be applied to address each of the
A challenges mentioned and finally Section Ll concludes the paper.
5
i Major challenges
n The flagship program of the EU on 3G, Mobile and wireless communication
Enablers for Twenty-twenty Information Society (METIS) (Droste, 2015),
4 have atternpied to prepare the groundwork regarding 5G network before any
5 standardization activities are camed out. This project has studied diverse use
s
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cases and forecasted the requirements and challenges of 3G in order 1o

support -

. 1000 times higher mobile data volume per area

. 10 to 1{K) times higher number of connected devices

. 10 to 10D times higher user data rate

. I0 times longer battery life for low-power massive machine

communication (MMC)

. 5 times reduced end-to-end [atency

Based on this analysis, the requrementz for 5G can be enumerated as

follows -

. Massive number of heterogeneous devices within a single cell - in order
to sustain applications like smart grid. industnal automation etc,
including devices like sensors, actuators, regular user eguipment,
vehicles ete,

[

Ultra=high data rates - to provide for applications like virtual office

3, Spectrum efficiency — to optimize the available spectrum to support large
number of users in crowded places

4. Zero latency - to support real time applications like traffic efficieney and
safety

3. Energy Efficiency — applied to all applications

The aforementioned requirements pose multiple challenges 1o the design

of 5G cellular networks. We look at some of the most notable challenges

for each requirement and their potential solutions in the following sub

scction.

Massive number of heterogeneous devices within a single cell
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With the ever growing number of connected devices in the future 5G
networks, it can be expected that the network capacity of the existing base
stations in macro cells will increase hundredfold, Typical solutions like
increasing the cell size, using higher frequency band and improving the
spectral efficiency will not suffice. Increasing the size of cells will not be
energy efficient just as increasing the number of base stations will not be
practical due to the prohibitive costs involved. Moreover, the scarcity of the
currently uses ultra-high frequency band makes it all the more difficult to
increase the network capacity. Spectral efficiency has already reaching the
Shannon's capacity limit and the use of high frequency bands comes with

their own sct of issucs.

Poitential Solutions

One possible solution to handle the projected capacity, is to create small cells
powered by low power base stations like Micro cells and Pico cells or even
cells with distributed antenna arrays which relays the data to the macro base
station (Vahid et al.. 20135). These cells can co-exist with existing macro cells
and give rise to a heterogeneous network of small cells. This assists in not
only offloading the traffic to the small cells but 15 also energy efficient as the !
stations as well as the devices need not transmit at full power since the
network becomes closer to the users,

Ultra-high data rates

With the increasing number of powerful devices like smartphones that use
the cellular network to access data, the demand for higher data rates has also
grown by leaps and bounds. Applications such as virtual office, streaming
video, online gaming etc requires very high data rates which 1s expected to

Spectrum: Science and Technology. Vol 3, 2016
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be 10 - 100 times more than the eurrent figures. In onder (o support these high
data rates, both the radio access technology as well as the backhaul to the
core network needs to be revamped.

Poteniial Soluiions

Given thal the current radio frequency spectrum is scarce and also expensive,
in order to meet the requirements of high data rates, we need 10 explore
alternate radio access technologies. Millimetre Wave (mmWave)
Communication technology appears to be the first choice in this regard
{Wang, 2014). The use of mmWave spectrum (3 — 300 GHz range) as the
carrier freguency coupled with opportunistic traffic offloading to unlicensed
gpectrum can help in achieving the targeted data rates. Additional speed
gains can be achieved by use of advanced antenna technologies like massive
MIMO and beamforming. Furthermore, the latency can be further reduced by
disassociating the radio resource management from the base stations and

moving them to the cloud

Spectrum Efficiency

Increased network capacity and high data rates are closely linked to spectral

efficiency. Thus, increasing the spectral efficiency can assist in providing
fast data access to people even in crowded locations like shopping malls,
railway stations etc. The existing 4G network use Orthogonal Freguency
Division Multiplexing {(OFDM) and Orthogonal Frequency Division
Multiple Access (OFDMA) as the modulation and multiple access technique.
However, whether the same techniques will be suitable for the proposed
technologies like mmWave is still under study.
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Potential Solutions

Studies have shown that altemate modulation techniques such as Filter Bank
Multi Camier (FBMC), Universal Filtered Multi Camier (UFMC), Bi-
orthogonal Frequency Division Multiplexing (BFDM) and Generalized
Frequency Division Multiplexing (GFDM) provides betier speciral
efficiency as compared to OFDM (Gohil, 2013). 5th Generation Non-
Orthogonal Waveforms for Asynchronous Signaling (SGNOW) s a research
group currently  exploring  these  modulation  technigues  (SGNOW
Delverable 2.2, 2015).

Lero Latency

For time-critical applications like security, healthcare, industrial automation
ete, the amount of delay that can be tolerated is almost zero, Huge mishaps
can occur if an unwarranted amount of delay is present. Thus, the 5G
network should be capable of supporting these types of applications. This
delay can be caused by scveral factors hike number of elements i the
architecture, the speed of the backhaul link, the number of users in the cell
and so on.

Potential Solutions

The architecture in 5G networks need to be less complex with reduced
number of elements between the wser and the core network but at the same
time maintaining the secunty of the system. There has to be a paradigm shifi
from basc station centric design to 8 device centric design (Agiwal, 2016).
Restructuring the responsibilities of the core network and the base stations
can also assist in reducing the latency. For example, if the handoff process is

handled entirely by the base stations instead of the core network nodes, the
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latzncy can be reduced to a large extent. The use of cfficient backhauling
technologies like mm-Wave coupled with distributed antenna systems can

also assist in achieving zero latency.

Energy Efficiency

The greater the complexity of the wireless communication system, the higher
is the energy consumption of the different network elements. It has been
found that 70% of the electricity bills of the network operators come from
the energy consumed by the base stations (Wang, 2014),

Potential Solutions

Designing an energy efficient system cannot be looked in isolation, Every
aspect of the network has to be taken into consideration starting from the
architecture, the network deployment, radio transmission technologies used
and backhauling solutions employed The network architecture should
incorporate suitable procedures for handling signalling for idle mode devices
(Olsson, 2013), Flexibility in the architecture like separation of control, data
and management planes makes it possible to scale up or scale down
aperations in an energy efficient manner. A flexible network deployment
with small cells together with indoor-outdoor, day-night traffic makes the
network more energy efficient as compared 1o a static rigid deployment
(Agiwal, 2016), Use of energy cfficient transmission systems like massive-
MIMO and backhauling technologies will also go a long way in achieving
the atorementioned requirement.
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Conclusion

In this paper, we have tried to look at a number of challenges to the future
5G networks and also explored some potential solutions for the same. As
discussed, keeping in consideration the requirements of 5G networks and the
challenge mentioned in the previous section, the design of the 5G cellular
network has to be viewed from both an evolutionary as well as a
revolutionary perspective, While optimizing the current cellular svstem 1o
suit the new and emerging scenarios 18 important, at the same time, the need
to explore alternative technologies is also cssential. Further research is
required in the ficlds of small cell HetNets, radio access technologies like
mm-Wave and energy efficient technologies in order for 3G networks to
provide a satisfying user experience.
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12. Isolation of a- Amylase Producing Bacterial Strain From
Soil

Jahangir Alom®? and Dr. Manabendra Mandal4

Abstract

This study was aimed al isolating the a-amylase producing bacteria, and
colony morphology-charactenzation of ©- amylase produced by the selected
strains at different pH. A total of 48 bacterial strains were isolated from soil
containing vegetable waste decaying materials. Amylases are among the
most important enzymes and are employed in the starch processing industries
for the hydrolysis of polysaccharides such as starch into simple sugar
constituents. With the advent of new frontiers in biotechnology, the spectrum
of amylase applications has expanded inte many new fields such as clinical,
medicinal, indusirial processes and analvtical chemistry  Amylases can be
obtamed from several sources, such as plants, animals and microorganisms.
a-Amylase has been in increasing demand due to its crucial role of starch
hydrolysis and the applications of this hydrolytic action. o-Amylases
(E.C.3.2.1.1) are enzymes that catalyses the hydrolysis of internal a-1.4-
glycosidic linkages in starch result into low molecular weight products, such
as glucose, maltose and maltotriose units.

Keywords: Soccharification of starch, polysoccharides, a-amylose
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Introduction

The soil is considered as the land surface of the earth which provides the
substratum for plant and animal life. The soil represents a favorable hahitat
tor microorganisms and is inhabited by a wide range of microorganising,
including bacteria, fungi, algae, viruses and protozoa. There are billions to
hundreds of billions of soil microorganisms in a mere handful of a typical,
garden soil. That single handful might well contain thousands of different
species of bacteria, hundreds of different species of fungi and protozoa,
dozens of different species of nematodes plus a goodly assortment of various
mites and other micro arthropods. Almost all of these countless soil
organisms are not only beneficial, but essential to the life giving properties

of soil.

Enzymes are biological catalysts which are an indispensable component of
biological reactions. The use of chemical catalysts has been followed for a
very long time. Chemical catalysis though widely used was very
cumbersome. The disadvantages that this method poses include need for high
temperature and pressure for catalysis and the moderate specificity. These
limitations were overcome by the use of enzymes. Enzymes work at milder
conditions when compared two that required by chemical catalysts for
operation. Also enzymes are highly specific and catalyse reactions faster
than chemical catalysts . Enzymes are now being used in various sectors of
industry. They are wsed in detergents, paper industry, textile industry, food
industry and many others industrial applications. Engvimes have been in use
since ancient times[8] and they have been used in saccharification of starch,
production of beverages like beer, treatment of digestive disorders and
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production of cheese from milk. Among the many enzymes that are widely
used, ¢-Amylase hes been in increasing demand due to its crucial role of
starch hydrolysis and the applications of this hydrolytic action. o-Amylases
(E.C.3.2.1.1) are enzymes that catalyses the hydrolysis of intemnal a-1,4-
glycosidic linkages in starch result into low molecular weight products, such
a8 glucose, maltose and mallotricse units . Amylases are among the most
important enzymes and are of greal significance for biotechnology,
constituting a class of industrial enzymes having approximately 25% of the
world enzyme market . They can be obtained from several sources, such as
plants, animals and microorganisms. Today a large number of microbial
amylases arc available commercially and they have almost complewly
replaced chemical hydrolysis of starch in starch processing industry. The
amylases of microorganisms have a broad spectrum of industrial applications
as they are more stable than when prepared with plant and amimal o-
amylases. The major advantage of using microorganisms for the production
of amylases is the economical bulk production capacity and the fact that
microbes are casy to manipulate to obtain enzymes of desired characteristics.
a-Amylase has been derived from several fungi, yeasts and bacteria,
However, enzymes from fungal and bacterial sources have dominated
applications n industrial sectors. .o-Amylases have potential application in a
wide number of industrial processes such as food, fermentation, textile,
paper, detergent, and pharmaceutical industrics. Fungal and bacterial
amylases could be potentially useful in the pharmaceutical and fine-chemical
indusiries. However, with the advances in biotechnology, the amylase

application has expanded in many ficlds such as clinical, medicinal and
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analytical chemistry, as well as their widespread application in starch
saccharification and in the texiile, food, brewing and distilling industries |

Materials and Methods

Sample collection

Soil sample was collected from the vegetable waste dumping area of the

local market of Napaam, Tezpur, Assam. The sampling was done from the
,' upper surface and from 10-15 ¢cm below the surface in small pre-labelled

sterile plastic containers, which were tightly sealed and transpored to the
laboratory.

Preparation of culture media for Isolation of bacterial strains

Preparation of Nutrient Agar Plates with different pii.

Mutrient agar media plates with different pH range was prepared for isolation
of bacterial strains. For 100 ml of the Nutrient agar media, 1.3grams of
nutrient broth was dissolved in 30ml distilled water. Then the pH of media
was adjusted 1o 5, 6, 7, ¥ and 9 vsing pH meter. afer that the final volume
was makeup up to 100ml by adding distilled water, Then 1.6gm of agar
powder was added into the flask and the flasks were capped with cotton
plugged. The flasks were then allowed for stenlization by autoclaving. After
sterilization the media was allowed o cool and were the poured onto the

sterile Petn plates.
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Preparation of 0.85% saline solution

For preparation of saline solution 0.85 gm of the NaCl was dissolved in
100ml of distilled water and sterilized for further usc,

Serial dilution of the soil sample

Senal dilution of the soil sample was done in 0.85% normal saline solution.
For this,7 test tubes were taken and were fill with 9ml saline solution and
were labelled as 107, 107 ... 10" |g soil sample was then measured and
added to the test tube labeled as 107 and mixed thoroughly by vortexing.
Using a pipette, 1mi of the solution then transferred to the next test tube and
the process was continued till the last west tube,

Spreading of diluted soil sample on agar plates

100ul of the diluted soil sample from the dilution series prepared was then
spread on the agar plated by spread plate technique. The plates were then

wenbaed w37 7 O for T4 Yhours. The &t colomies dhaered e wete
finte domam.

Pure culture preparation

Pure culture of the bacterial strains was prepared by streak plate method.
Single colonies were picked up by sterile inoculating loop followed by
repeated streaking on the nutrient agar media plates, The plates were then
incubated at 37 C for 24 hours and then the cultures were ohserved,
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Screening for amylase production

Preparation of Starch Agar Plates

Starch agar media plates with pH-7 were prepared for screeming of amylase
production of different bacterial strains, For 200 ml of the Starch agar
media, (.8 grams of yeast extract0.2 grams of K:HPO4 and 0.3 grams of
MgSos, TH:O was dissolved in 100ml distilled water, the PY of media was
adjusted to 7 using PY meter. After that the final volume was makeup up to
200ml by adding distilled water, then 3.2prams of agar powder and 3.6
grams soluble starch was added into the flask and the flask were capped with
cotton plug. The Nasks were then allowed for stenlization by awtoclaving,
After stenihization the media was allowed to cool and were then poured onto
the sterile Petri plates. Then with a sterile loop a single colony was picked up
from the pure culture plate and streak onio the starch plate i the form of a
circle. The plates were then incubated at 37 °C for 24 hours, After incubation

period the plates were flooded with Gram lodine solution.
Interpretation of the test

Positive Test - A clear and colourless zone around the colonies
Megative Test - No clear and colourless zone around the colonies; a blue

colour remanms.

Results and Discussion

Isolation of the bacterial strain based on colony morphology

Different types of bacteria will produce different-looking colonies, some

colonies may be coloured, some colomes are caircular in shape, and others are
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irregular. A specific terminology is used 1o describe common colony types,
These are:

* Form - What is the basic shape of the colony? For example,
circular, filamentous, ete,

4 Size - The diameter of the colony. Tiny colonies are referred to as
punctiform.

“ Elevation - This describes the side view of a colony. Tumn the Petri
dish on end,

¢ Marginborder — The edge of a colony. What is the magnified
shape of the edge of the colony.

% Surface - How does the surface of the colony appear? For example,
smaoaoth, glistening, rough, wrinkled or dull.

% Opacity - For example, transparent (clear), opaque, translucent
(like looking through frosted glass), etc.

% Colour - (pigmentation} - For example, white, yellow, buff, red,

purple, ete.

A total of 48 different bacterial strains were isolated based on their colony
morpholegy (Table 1). At Different media pH the morphology of the strains
were ohserved different. At pH 5 most of the strains were white in color and
small in size. At pH 6, most of the isolates were medium in size. Maximum
number of isolates was observed at neutral media pH. Al pH 8 the colonies

were mainly large. At pH 9 the most of the colonies were small in size.
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 Table Ma. 1: Isclated sirains at different pH and their colony morphology |

SL. Mo | Sirain Me. pH of Colony Morpheology |
Media |
1 DEH-35 50 Large, white, irregular, flat. |
2 DEH-3& 50 Small, white, circular, convex,
3 DEH-37 3.0 Small, white, circular, rabed
d DEH-38 | 50 Punctifarm, white, circular, conwvex,
3 DEH-3% 5.0 Circular, small, white, Irregular, fiat.
P DEH.40 &0 TSRS T p—
I DEH-41 8.0 Large, white, irregular, flat
8 DEH-432 &0 Nadiry, chicdiar, roked
| @ DEH-43 40 | Small, white, ciraular, raized.
[ 10 DEH-44 &.0 Punctiform, white, circular, conves
i DEH-45 6.0 F‘Lumlfmm.i[gh'ryeﬁnw dreular, raked
1d DEH-44 4.0 redivm white, irragular, that,
I3 DEH-47 &.0 Punctifosm, white, creubar, convex
14 DEH-48 r.0 Large white, smooth, flat
15 DEH-4%9 70 Small JNght yellaw, cirevlar, raised
I & DEH-50 70 Punctifarm, white, ciroular, convex
17 DEH-51 e Punctifarm, white, crcular, Raised
18 | DEH-52 7.0 Small white irregular, flat =
19 DEH-53 7.0 amall white, Irregular, flat
0  DEH-55 7.0 Small white, circular, roised
21 DEH-54 7.0 i Medium, whire, dreular, flat.
22 DEH-57 70 Emall, white, smooth, Bot
23 DEH-58 7.0 Small, white, irregular, rolsed
24 DEH-59 7.0 AAsel T, iy, Seellar, comvas
25 DEH-50 70 Small, whire, circular, flat
24 DEH-51 7.0 Small, yellow, circular, convex
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| 5L. Mo | Strain No. pH of Coleny Morphology
: Media
| Z DEH-62 7.0 large, white, iregular, flet |
| 28 DEH-63 7.0 Small, white, circular, raksed.

29 DEH-64 8.0 Large, white, filomentous, irregular

30 DEH-&5 B.O Large, white, smooth, flat

3 DEH-66 B0 | Small, light yellow, circular, roised

A2 DEH-&F 8.0 Miedium, white, cirerlar, flat

i DEH-8 B.O Functiform, yellow, circular, ralsed

34 DEH-69 B.0 Small, white, dreular, flat

34 DEH-7O B.O Small yellaw cirewlar, Flo

37 DEH-7 1 8.0 Small, white, irreguiar, flat

38 DER-72 B.0 Pumctifarm, vellow, elreular, convesx

a9 DEH-73 B.0 Small white, irregular, raised

A DEH-74 /.40 Small white Jrragular, rralied

41 DEH-75 8.0 Semall ,white, irreguler

432 DER-7é 2.0 Sll, white, drevlar, flat

43 DEH-77 2.0 small, white, smeoth, raised

Al DEH-78 2.0 Simaall, yellow, cireubar raised

45 DEH-79 2.0 Punctiferm, white, circelar, flat

4 DEH-BOQ 2.0 Punctiform, white, circular, conves
| 47 DEH-81 9.0 Punctiform, white circular, flat

45 DEH-82 9.0 amall whire smoath, flat

Sereening of bacterial isolates for a-amylase production

All the isolated strains were screened for extracellular o-amylase production.
Among the isolates, 24 of them produced little or more a-amylase, Table-2
showing the results of enzyme production. Among the 24 amylase positive
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isolates, 5 of them were found potent strain showing higher enzyme activities
than others. They include, isolates DEH-40, DEH-46, DEH-36.DEH-

63, DEH-6E.
Table Mo. 2: Sereening of bacterial strain producing extracellulard- Amylass
Serial Strain | 0- Amylase acivity | Serial Shain | a- Amylase aclivity
1 DEH-335 ++ 21 DEH-AD +
2 DEH-36 + 22 DEH-&1 ++
R - 23 | DEH-62 z
4 fl DEH-39 | - 24 DEH-63 T+t
5 | DEH-40 +++ 25 | DEH-64 +
& DEH-41 + 28 DEH-&5 ++
7 DEH-42 ¥ 27 DEH-66 =
2] DEH-43 + 28 CEH-&7 +
§ | DEH-a4 + 29 DEH-68 Fa- =
0 DEH-45 + 30 DEH-49 * B
11 DEH-44 4+ a DEH-70
12 DEH-47 E 32 | DEH-72
13 i DEH-50 - a3 DEH-73 =
14 DEH-5 1 - 34 DEH-76 -
15 DEM-53 + T DEH-77 3
14 DEH-55 - a4 DEH-7% e —— 1
[ 17 DEH-54 ¥+ 37 DEH-BO rr -
18 | DEM-57 - 38 DEH-B1 -
19 DEH-58 l : 39 DEH-82 :
' 20 | OER-59 | s a0 | Der-av =

** [[+++)more than 20mm; (++), more than 15mm and{+], belew 10mm clear
zone, (=) no zone of hydralysis)
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Fig. 1: Plates shewing zone of hydrolysis after iedine flooding
Conclusion

A toral of 24 bacterial straing which produced clear halos in the starch-
nutrient agar medium were isolated and purified. Among the 24 bactenal
strains, five strains were selected as best a- amylase producer. The use of a-
amylase in starch based industries has been prevalent for many decades and a
number of microbial sources exist for the efficient production of this
enzyme, but only a few selected strains of fung and bacteria meet the critena
for commercial production. The search for new microorganisms that can be
used for amylase production is a continuous process. Amylases are among
the most important enzymes nsed for industrial purposes, and now in the
light of biotechnology they are considered useful for biopharmaceutical
applications, They are useful wols in medicinal and clinical chemistry. It is
hoped that amylases will continue to provide new opportunities in
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biotechnology as biocatalysts and that new applications will emerge in the
biopharmaceutical sector. The increasing mportance of sustainable
development has inspired man o use enzymes for various reactions as they
are hindegradable and can be produced vsing biological sources. p-Amylase
can be produced using microbes from soil and waste products of other
processes. The enzyme has crucial applications including the production of
fructose syrup, environmentally safe detergents, and baked products. Living
in an era of depleting fossil fuels with a desperate need to produce altemate
forms of energy, this enzyme 15 a ray of hope. It 15 used for biofuel
production with starch as a raw material. As the production yields an
industrially important enzyme and helps keep the environment clean, more

rescarches are focusing on the microbial production of the enzyme.
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13. Scenario of Water Resources in Shillong City, Meghalaya.
V Jennifer Joon Wallang?®

Abstract

Shillong the capital city of Meghalaya is a rapidly growing urban centre.
Water scarcity is common across the urban complex even though it receives
a very high rainfall of the order of 2400mm’ year. Shillong city has been
exclusively relving on surface water sources viz., rivers and springs, but
during recent vears it has started using groundwater to meet the requirements
of growing population. The present study is an attempt to account the
quantity of water supply from ground water and surface water for domestic
consumption within Shillong city and prospective groundwsater zones in the
study area. The study reveals that Shillong Municipal Board and Public
Health Engineering Deparimen: water supply services in the city accounts to
| 8.96 million liter per day with 31.44 million liter per day water is supplied by
[ Greater Shillong Water Supply Scheme. The total water production from
Shillong city is around 17.10 % from surface water and 05.07% is pumped
from groundwater and remaining 77.82 % is imported from Umiew river.
Besides the supply from Umiew niver a deficit of 17.25 million liter per day
15 experienced. Geological and geomorphological studies indicate that
occurrence and distribution of surface water and ground water of Shillong
city is not uniform due to mhomogeneity of lithology and degree of
weathering as well as soil profile development. Geomorphelogically the

ground water potential is limited o intermontane valleys. Hydrological data

= Deporiment af Geslogy, 5 Anthony's College, Shilang
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indicates that groundwater occur both under artesian as well as water table
condition with moderate to high yield. In general depth of water level is
shallower in topographic depression than in the upland areas or slopes.

Keywords: Woter supply, water quantity, account, Shillong city, Umiew

i Tver,

Introduction

Water is essential for sustenance of life on earth. Its sustamed supply is
needed for socio-economic development and for maintaining healthy
ecosystems. Water resources are extremely limited but renewable, exhibiting
diversity in their quality and guantity (Rokade etal. 2004).The demand for
water has increased over the years making the assessment of the quantity and
the quality of water resources and its optimal utilization most critical (Gebre
etal. 2015). Many pars of India experienced acute shortage of water for
different purposes and the problem of water crises 15 likely to become more
severe and serious which will continue well into the 21* century ( Biswas,
1991). The quantity of water consumed in most of the Indian cities is ot
determined by the demand but the supply, People attempt to adjust to the
guantity as well as quality of water supplied (Kaur ctal. 2016). As
population increases, development calls for an increased allocaton of
groundwater and surface water for the domestc, agriculture and industrial
sectors. [t will be a great challenge to meet increased demand for water due
to increasing population, economic growth and technological changes (Kaur

eral. 2006). In the long term, given the ever-increasing urbanization and
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population growth, the urban water problems are expected to escalate rather
than attenuate unless serious planning and management are carmed out (Sim
and Balamurugan, 1991), There is an urgent need for the evaluation of water
resources as water plays a pnmary role in the sustainability of livelihoods
and regional economy (Gebre  etal. 2015), To maintain the avalability of
water all needful efforis are being made in the field of research and
development to meet the demand for domestic, agncultural and industrial
uses (Bhaisare and Goel, 1992).

This paper attempts to account the quantity of water supply from ground
water and surface water for domestic purposes based on limited available
secondary data. An attempt is made to develop a ground water prospect zone
map through the convergence of evidence method by integrating collateral
data and field inputs,

Study area

The study area (Figure 1) encompasses the uwrban growth center in and
around Shillong, the capital of Meghalaya, covering about 208 sq km as per
the Shillong Master Plan 1991-2011. It s defined by the boundary
coordinates 2530297 to 25"42'10" North and 91°46°50" to 92°00'32" East. It
has a population of 3,54,739 as per census 2011. The Shillong Master Plan
Area (SMPA) is an agglomeration of twelve urban centres viz., Shillong
Municipality, Shillong Cantonment, townships such as MNongthymmai,
Madannting, Mawlai, Pynthorumkhrah, Nongmynsong, Mawpat, Umpling,
Umlynka, Nongkseh , Lawsohtun and 35 fringe villages.
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Database and Methodology

Available data on hvdrological agpects particularly on status of ground water
in the Shillong Master Plan s very scanty. Considering limited scope for
primary data collection, the present swudy for water resources was made
based on the secondary data available with agencies like Public Health
Engincering Depariment (PheD) and Shillong Mumicipal Board (SMB),
Government of Meghalaya, Shillong. Data on quantity of discharge from
Phel} sources and ground water level was collected Public Health
Engineering Department, and quantity of discharge from SMB sources was

collected from Shillong Municipal Board, Government of Meghalayva

Figure 1: Lecation mop of the study areg shown as overlay on the IRS LSS IN
FCC image
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The analysis for water supply and production was confined to Shillong city
due to non-availability of data for the whole study ares. Thirty six sample
points were obtained for hydrogeclogical data of wells during dry seasons
distributed over the study area. The location of these sources was brought to
GIS format using ARC GIS software. The study area boundary was
prepared on 1:50,000 scale with the help of data collected from Urban
Affairs Department of Government of Meghalaya.

Results and Discussion

Shillong City is a rapidly growing urban centre. Water scarcity is common
scross the urban complex even though it receives a very high rain fall of the
order of 2400mm/ vear. Shillong City has been exclusively relying on
surface water, but during recent vears it has started using groundwatcr to
meet the requirements of growing population. The total potable water supply
quantum is obtained from numerous springs and a few low discharge
streams, formed due to seepage of inland water. Besides private bore wells
and hand pumps are also being used exiensively for water supply in the area.
These water sources are controlled and taken care of by several institutions
such as the Shillong Municipal Board (SMB), Public Health Engineenng
Depariment (PheD), Shillong Cantonment Board (SCB) and locel Dorbars,
who are responsible for providing the water supply service. The SMB and
PheD provide the bulk of the water supply services. In order to meet long-
term projection of water demand, a dam was constructed under Greater
Shillong Water Supply Scheme (GSWSS) in 1978 to divert waler from
Umniew River located 25 km from the main city.
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The Shillong Municipal Board (SMB) obtains water supply from several
surface water sources such as springs and streams which were identified long
back probably when the town was established. These surface water sources
include Wahrisa, Wahjalynoh. Umjasai, Crinoline, Madan Laban, Patta
Khanna and Wahdienglieng. For example the water supply scheme from
Umjasai stream was underiaken in the year 1958 and since then water is
being distributed in the municipal area without any treatment. It was
observed that these sources are utilized for water supply enther by
construction of a4 pumping station and thereby supplying water through the
pipes, or by inserting the pipe directly into the spring source. The former
method is adopted where there 18 conspicuous discharge of the spring. The
guantity of water produced from these sources for pre-moonscon and

monsoon period is given in Table 1.

The average quantity of water produced per day iz 3.27 mld (million liter per
day) from these sources and it is distributed within Shillong Municipality
arca. Sources of water supply which were implemented and maintained by
Phel) or implemented by PheD) but maimntained by the local commuittee are
given in Table 2. Average product:on from these sources is 3.69 mld out of
which 3.64 mid is contnbuted by surface sources and 21.05 mld from

underground sources.

In areas bevond the SMB and Pheld networks water supply service 15 being
provided by the local dorbar by implementing small water schemes
supplying through stand posts and small local springs. Households without

access to institutional services depend upon supply made by water tankers or
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purchase water from private vendors! operators or draw water from private

bore wells or hand pumps.

 Table 1: Quantity of discharge from SMB sources

e

5l Name of the Discharge

MNo. Source

Pramonsoon {mid) Monsoon (mld)

Wah Risa 0.45 0.54

Wah Jalynch 0.45 0.54

Umjasal o.M 1.14

0.3&6 0.3

Crinoline

0.23

Modan Laban

Patto Khannio 0.1

Wahdienglieng 0.23 0.29

274

Total

Average 1.27 mid

Sowrce: Shillong Municipal Board

Accounts of water

The revised guidelines’'norms on water supply by the Govt. of India,
prescribes supply of 135 Iped( liters per capita daily) and 40 Iped for the
urban and rural population (Burcau of Indian Standards, 15: [172- 1993}
According 1o this guideline 57.65 mid is required for a projected population
of 427076 (PheD, 2006). SMB and PheD water supply accounts for B.96
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mid; thus the town has a net deficit of 48.69 mld. This deficit is compensated
by balancing through imports from Umiew niver through Greater Shallong
Water Supply (GWSS). The average production capacity of the dam is 51.30
mld out of which 31.44 mid is supplied to Shillong City {(PheD, 2014). At
present a total of 40.40 mid {Table 3) is being supplied 1o the consumers
which 15 hardly sufficient 10 meet the growmg demands of water. Therefore
the wal water production available for Shillong City is around 17.10 % from
surface water and 05.07% is pumped from groundwater and remaming 77.82
% 15 imported from Umiew niver (Figure 2). Shillong City's reliance on
Umiew river water source is evident. Without this extemal source, the city's
rapid development would have been impossible, since consumption has
exceeded total local water supply. Besides the supply from Umiew river a
deficit of 17.25 mld is expenenced or in other words, 70 lped at an average 18
available to the consumers which is very much below the required norms.
With the current trend of reduction of discharge of the water sources as
reported by local residents during interviews. the small spring sources are
likely 1o be dried up thus reducing the yield considerably in the coming
decades. In such a situation there will be almost total dependence on Umiew

river.
Groundwater prospective zones in the study arca

Geological and geomorphological studies indicate that occurrence and
distribution of surface water and ground water of Shillong City is not
uniform due to inhomogeneity of lithology and degree of weathering as well
as soil profile development. The Shillong group of rocks is charactenzed by

guartzite with some metabasic intrusive of low interstitial poresity but high
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fracture porosity. The rocks are widely weathered and the degree of
weathering is found to be more in the topographic depression than in other
arcas. The metabasic rocks are more prone to weathering than the quartzitic

ricks,
Table 2: Quantity of water supplied by PheD under various water supply
schemes
Sl. Ne. Mame of the 5cheme Quantity (mld)
1 Mawlal Umsohlang W3S 1.93
2 Fynthor Umkhrah OTW W35S 0.635
|3 Pyntherbaoh Lum Shiop DTW WS35 075
4 Umkhen W35 0.99
5 Lawjynrew lumiowblot,Pohkseh Demthring WSS | 0.50
& 5t Edmunds(Lumawrie) DTW WSS 0.04
7 Madanrting WSS 0.20
B Wahdingdoh Jingthangbriew] DTW WSS 0.08
| g Joiow Loitdom DTW W55 016
10 Mangmynseng DTW WSS 0.24
1 U Tiret Singh Mogar-lumshngaln DTW WSS 013
Total 5.69

Source: Public Health Engineering Department
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Table 3: Water availability in Greater Shillong Planning Area 7

5l No | Source Discharge (mid) | %

1 Surfoce woter from sources within eity | 691 1710

2 Ground water from sources within ciry 205 05.07

3 Umiaw River 31.44 77.B2
Tatal 40,40

W Suriade walew frpin wathin thie city
B Grawnd waster froem waliben thee oy

& Lipview Rver water imporied Tros gl side

Figure 2: Total water availability for Shillong City

The thickness of weathered zones varies from a thin veneer 1o more than 10-
15 m at places. The NE-SW direction of lineaments coincides with the stnke
direction of the rocks and has well developed joint sets, and therefore it will
be more conducive for ground water storage and circulation. However,
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hydrologically, the intersection point of various lincamenis in the area are
very important, as they indicate the places where there will be several source
of ground water circulation and the ground water withdrawal, therefore bore
well/ube well located at such places will have a pood supply of water.
Geomorphologically, landform varies from highly dissected hills and hills
slope with small and narrow intermontane valleys. The high relief areas of
the southern and south-castern comer occupied by Laitkor range and
Shillong Peak with steep topographic slope, and characteristic geological set-
up offer high run-off and little scope for rain water infiltration. The discharge
at this level is meager to very little in several of the streams. which are
mostly of low order. The ground water potential therefore in these terrains is

limited to intermontane valleys.

The hydrogeological data indicate that groundwater occur both under
artesian as well as in water table condition (Table 4). Hydrogeological data
shows that depth of water level is shallower in topographic depression than
in the upland areas or slopes, It varies from 4 m to § m in topographic
depressions whereas in upland areas i1 is about 55 meters.

' Table 4: Hydrogeological data of wells in Shillong City.
sl. Borew Dra
N ell Borew | Casin Static | w
o Diame | ell g Water | do
ter Depth | Dapth | Yield |Level | wn
Village (mm] | (m] {(m) (Ifm} | {m) (m]
1| Auxillium 150 130 18 [21.8 |NA |
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2 153, MNA,
12 mile 100 &0 18 9 7.5
Umpling 56 1875 | 4 A 27 HaA
Umpling 62 125 | 625 | MA 10 MNA
Artesl MA
Umpling 4875 |10 an NA | 15.4
Rynjah 62.5 15 3 MA 27 MNA
Artesl A
Rynjah B7.5 |15 an NA | 27
8 | Rynjoh B7.5 M A A MA |
2 | Rynjah 66,25 | 22 10 MA | 55 NA |
1 &
0 | Rynjah 5875 | 1875 |28 | NA |55
1 . NA
1 | Rynjah 66,25 | 20 26 | MA 22
1 P
2 | Umtyngar 100 45.45 | 20 10 4.5
1 | MA
3 | Mowrawar 150 107 3 27 MNA
1 P,
4 | Umshing Mawkynroh 150 100 |8 30 8.4
1 A
5 | Mowlai Umshing 150 100 15 S |13
| ' NA
& | Mawlai Umshing 150 100 23 275 |18
1 A
| 7| Mowlong 1350 101 36.5 | 45 Fr

IS5M 2349 2537
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1 NA
8 | Tynring-111 150 134 12 133 | 31.53
1 A
? | Tynring-1 150 12¢ 10 120 |33
2 40.3 A
0 | Mawlynghat 150 72 30 & 19
2 97.6 MA
1 | Umphyrnai-111 150 81 16.15 | 5 @
2 MA
2 | Umphyrnai-1 1 150 60 12 40 17.5
2 A
3 | Umphymai-1 150 &0 12 558 [12

& | 576 NA
4 | Kynton-U-Man 125 81 33 5 3.6
2 Hnrﬁgmrn:nng DTW 262. | Artesi
5 | (w/s/s)-1 150 100 625 |5 an 18
2 | Mengmynang DTW
& | [w/s/s}-2 200 100 30 371 | 8 60
2 | Mongmynsong DTW
7| (w/fs/5)-3 200 100 30 614 |4 50
2 | Artesi
8 | Mawpat DTW [w/5/35) 150 152 25 315 |on 25
2 | Pynthorboh DTW
? | {w/is/s)-1 150 a7 625 |265 (15 24
3 | Pynthorbah DTW
0 | [w/s/fs)-2 150 4] &.9 185 |27 20
3 | Mawlai-Mowroh DTW 200 109.5 | 30.85 (132 | 21 60
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1 | {w/isfs) -1

3 | Mowlai-Mawroh DTW

2 | [w/s/s) -2 200 100.5 | &2 483 |15 S0
3 | Mawlal-Umsow A a0
3 | Umkhiew - 1 110 41,64 | 22 2472 |

3 | Mowlai-Umsaw NA 38
4 | Umkhiew -2 110 60 3212 30,44

3 | Mawlal-Umsaw P&, 3.8
5 | Umkhiew -3 110 60 32 30

3 | Permanent Campus, 50
& | MEHU 250 89467 | 30 (i 20.2

Source: Public Health Engennering Department, Governmant of Meghalaya

The water level towards the SW is shallow (within 10 meters) while it is
deeper towards NW side (Figure 3). It is also observed that the depth of
water level is comparable in different litho- units. The tube wells constructed

between the depth range of 100 m to 152 m yield 132 to 614 liters per minute

for a drawdown of about 3.8 m to 60 m. The overall yield capacity of the

tube wells indicate moderate 1o high yield potentiality. Some deep tube wells

for example, Nongmynsong DTW indicates high yield of about 614

liter/minute, In spite of this, Shillong city depends mostly on the surface

water such as rivers, streams and few springs for water supply. Ground water

extraction for public use is insignificant,
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Figure 3: Waler level map of Shillong City

Conclusion

SMB and PHeD» provide the bulk of the water supply services to Shillong
city. In order to mect long-term projection of water demand, a dam was
constructed under Greater Shillong Water Supply Scheme to divert water
from Umiew River located 25 km from the main city. In areas bevond the
SMB and PheD) networks water supply service is being provided by the local
dorbar by supplying water through stand posts, Out of the total amount of
water supply from various sources to Shillong city a deficit of 17.25 mid is
experienced. Thus only 70 Ipcd water is available to the consumer, which is
very much below the Government of India norms (130 Ipcd for urban area).
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Geological and geomorphological studies indicate that occurrence and
distnbution of surface water and ground water of Shillong City.
Geomorphologically the ground water potential is limited to intermontane
valleys. Hydrological data indicates that groundwater occur both under
artesian as well as waler table condition with moderate to high vield. In
general depth of water level is shallower in topographic depression than in

the upland areas or slopes.

Spactrum: Science and Technology. Vel 3, 2006
(550 23489 2937



236

References

Bhaisare, A. R, and Goel DK, 1992, Ground Water ¥ ear Book of Madhya
Pradesh. Central Ground Water Board, Bhopal.

BIS. 1993. Specifications for drinking water IS: J03500:1993. Bureau of
Indian Standards, New Deihi.

Biswas A.K_. 199]1.Water for Sustainable Development in the 21¥ century,
7* World Congress on Water Resources, Rabat Morroceo, pp.13-18.

Department of Urban Affairs (DOUA). 1991, Master Plan of Shillong 1991-
2011, Directorate of Urban Affairs: Government of Meghalaya,
Shillong.

Gebre, T., Kibru, T., Tesfaye, 5. and Taye, G.2015. Analysis of Watershed
Attributes for Water Resources Management Using GIS: The Case of
Chelekot Micro-Watershed, Tigray, Ethiopia. Jowrnal of Geographic

Information System 7:177-190.
https/dx. doi.org/10,4236/igis, 2015.72015

Kaur J., BhullarAS, and GhumanRS. 2016. Domestic Water
Consumption Pattern and its Linkage with Socio-economic Variables:
A Case Study of Ludhiana City. [fndian Jowrmal of Economics and
Development,. 12 Nol: 216-222. DOIL:  10.5958/2322-
0430.2016.001 28.1

Public Health Engineering Department, Government of Meghalaya
(PHeD).2006. Information and Data Required by BCEOM India Pt
Lid, for Preparation of Vision Statement and City Development Flan

Spectrum;: Science and Technology, Vol. 3, 2016
55N 2345 2537




237

under Jawaharlal Nehru National Urban Renewal Mission (Volume: [ -
water supply).

Public Health Engineering Depariment, Government of Meghalaya
(PHeD)). 2014, Greater Shillong Water Supply Project (Report).

Rokade , V.M., KundalP., and Joshi A K. 2004 Water Resources
Development Action Plan for Sasti Watershed, Chandrapur District,
Maharashira Using Remote Sensing and Geographic Information
System. Journal of the Indian Society of Remote Sensing 32:362-372.

Sim, L. K. and Balamurugan, G. 1991, Urbanization and Urban Water
Problems in Southeast Asia: a case of Unsustainable Development.
Jowrnal of Environmental Management 32:195-209.

Spectrum; Science and Technology. Viol. 3, 2016
LSRN 2340 2337




L

ABOUT THE JOURNAL

Spectrum: Science and Technology is o peer-reviewed open
access research journal of 5t. Antheny's College, Shillong, India. It
is published annually by the Research Cell of the college in both
print and e-print.

The Primary goal of the journal is to publish double-blind peer
reviewed articles from the fields of Science and Technelogy. The
journol looks for articles that can shore new, modified or
systematically arranged knowledge ond promotes substantive
diologue omong the research scholars of the world.

The journal follows the style and referencing as per the instructions
laid down in the college website. Manuscripts should be prepared
strictly as per the specifications of the journal. The complete
specifications  of the  journal are  availoble at
www.anthonys.ac.in. The journal accepts articles only in soft copy
for reviewing ond publications which can be sent at
spectrum.st{@ anthonys.ac.in.

All other correspondence related to the journal may be
addressed to:
The Chief Editor,
Spectrum: Science and Technolegy,
Shillong, Meghalaya, India.
PIN- 793001




spectrum

SCIENCE AND TECHNOLOGY

a peer-reviewed journal
VOL. 3, 2016

St. Anthony’s College. Shillong, established in 1934, became the
first institute of higher education of the Don Bosco Society
world-wide, The college was accredited by NAAC with the rank
of Five Stars in 2000. It was also awarded the status of College
with Potential for excelence by the UGC in 2006, 2011 and again
in 2015, The college was reaccredited with Grade "A’ (3.14/4.00
CGPA) by NAAC in 2014. With more than 75 years of experience
and expertise. St. Anthony’s College, Shillong excels as one of the

top colleges in the country.
ISSH [00-(3%

HMHJ Iﬁm‘



