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POTENTIAL OF KURTHIA GIBSONII MB 126 AS A
BIOCONTROL AGENT AGAINST FUSARIUM OXYSPORUM
WILT DISEASE OF TOMATO PLANTS

Neethu Sahadevan', Jyothis Mathew', E.K Radhakrishnan',
School of Biosciences, Mahatma Gandhi University, Kottayam, 686560

Abstract

Kurthia gibsonii Mb 126; a chitinolytic gram positive bacteria originally
isolated from soil samples collected from the premises of prawn peeling units
was tested for its antagonistic property against a variety of phytopathogenic
fungi like Fusarium oxysporum, Pythium sp., Corynespora cassicola,
colletotrichum gloeosporioides, Aspergillus niger, R.solani and Rhizopus sp
by dual culture method. It showed in vitro antagonism against Fusarium
oxysporum, Pythium sp., Colletotrichum gloeosporioides and Corynespora
cassicola. The selected strain was further studied for the mechanisms behind
its antagonism. The study revealed that Kurthia gibsonii Mb 126 could
produce chitinase, protease and cellulase enzymes. The strain was further
tested for its plant growth promoting traits like phosphate solubilisation,
production of Indole Acetic acid and ACC deaminase and NHj. Its ability to
supress wilt disease of tomato and to promote plant growth were confirmed
by filter paper method. The results suggest that this bacterium can be used as
a biocontrol agent against Fusarium oxysporum causing wilt disease of
tomato plants. The plantlets bacterized with this strain showed increased
plant root and shoot length compared to the control. This is the first report of
Kurthia gibsonii Mb 126 against Fusarium oxysporum causing wilt disease
of tomato plants. Since the strain exhibit some beneficial growth traits also, it
can be recommended as a potential biocontrol agent after conducting some
more detailed field trials.

Key words: biocontrol, plant growth, Indole 3 acetic acid, chitinase, pot
culture, ACC deaminase, dual culture
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1. Introduction

Plant diseases should be controlled to maintain the quality and sufficient
availability of food, feed and fiber around the world. Different strategies
have been used to control plant diseases. Farmers often heavily depend on
chemical pesticides because of the belief that chemical pesticides are better
trust worthy, however the environmental pollution caused by excessive use
and misuse of chemical pesticides has considerably changed people’s
attitudes towards their use in agriculture. Nowadays there are strict
regulations on chemical pesticide use and constant pressure is there to
remove the most hazardous agrochemicals from the market. Moreover the
health consciousness of the people along with the development of resistant
pathogen due to the over use of chemicals have restricted the use of
chemical pesticide in agriculture. Under these circumstances exploration of
living organism with multiple properties advantageous to plants seems to
be the most desirable alternative to chemical pesticides'. This has led to the

need for the development of such biocontrol agents.

The present study envisaged the antifungal activity of Kurthia gibsonii
Mb 126 a bacterium originally isolated from the premises of a prawn peeling
center, against Fusarium oxysporum, Pithium sp, Colletotrichum
gloeosporioides, Corynespora cassicola, Rhizopus species, Aspergillus niger
and Rhizoctonia solani. The mechanism behind its antagonistic property and
plant growth promotion traits was studied. Further, the effect of bacterisation
of tomato seeds on seedling vigour and the potential of this strain against
Fusarium oxysporum wilt of tomato plant were confirmed by filter paper

method.
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2 Materials and Methods
2.1 Bacterial strain and fungal strains

The bacterial strain Kurthia gibsonii Mb126 originally isolated from the
premises of a prawn pealing unit in Kochi® and the phytopathogenic fungal
strains like Fusarium oxysporum, Pithium species, Aspergillus niger,
Rhozoctonia zolani and Rhizopus species were obtained from the culture
collection of School of Biosciences, M.G. University. Phytopathogenic fungi
viz. Colletotrichum gloeosporioides and Corynespora cassiccola were

produced from Rubber research institute, Kottayam, Kerala, India.

2.2 Detection of antifungal properties of K. gibsonii Mb 126 against
phytopathogenic fungi

2.2.1 Dual culture technique

Kurthia gibsonii strain was evaluated against each phytopathogenic
fungi by dual culture technique as described by Morton and Strouble®. To
analyze, bacteria and test fungi were placed on the opposite halves of a PDA
plate at equal distance from the periphery, control plate had only fungal
growth. The treatments and the controls were replicated thrice. Inoculated
plates were incubated at 27 + 3° C for 7 days. Radial growth of colony of
pathogen was measured at the end of second, fourth and sixth days of
incubation period. Percent inhibition was calculated by the following

equation suggested by Fokkema and Shearer”.

Percent inhibition = (R; —Ry/ R)) x 100 (R;- radius away from the antagonist,
R; - radius in direction of the antagonist)

2.3 Elucidation of functional traits of antagonistic Kurthia gibsonii Mb126
2.3.1 Protease enzyme production

Determination of protease enzyme production was carried out by the

method of Chaiharn’. The bacteria were spotted on plates of SMA (skimmed
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milk agar medium) (pH 6) containing (g/1) skim milk 15, yeast extract 0.5
and agar 9.13 and incubated at 27 = 3 °C for 48 hours. The plates were

examined for zone of clearance around the colonies.

2.3.2 Cellulase enzyme production

Production of cellulase enzyme was determined in nutrient agar
supplemented with 10 g/l carboxy methyl cellulose (CMC). Kurthia gibsonii
Mb 126 was inoculated on to this medium and incubated at 27 + 3° C for
48 hours. After incubation the plates were stained with 2% congo red
solution and then washed with 1N NaCl and observed for zone of clearance

around the colonies®.

2.3.3 Lipase production

For determination of lipase enzyme the following medium was used’
peptone 10 g, calcium chloride 0.1 g, sodium chloride 5 g, agar 15 g and
10 ml sterile tween 20 in 1 litre distilled water. Bacteria was streaked on this
medium and incubated at 27+3°C for 48 h. Deposition around the colonies

indicated lipase production.

2.3.4 Hydrogen cyanide (HCN) production

100 pul of bacterial suspension was inoculated on nutrient agar medium
which contained 4.4 g/l glycine. Whatman No 1 filter paper was soaked in a
reagent solution (sodium carbonate 2% and picric acid 0.5%) and placed in
the upper lid of petridishes. The plates were sealed with parafilm and
incubated in invert position at 27+ 3 °C for 48 hours. One uninoculated
plate served as control. If HCN was produced, yellow filter papers will
change to cream, light brown, dark brown and eventually turned into

reddish-brown®.
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2.3.5 Chitinase production

Overnight grown Kurthia gibsonii Mb 126 was inoculated on to chitin
agar medium (0.8 % colloidal chitin, 1.5 gm agar) and incubated at 27 = 3°C.
After incubation plates were stained with 2% congo red solution followed by
washing with 1IN NaCl and observed for zone of clearance around the
colonies’.

2.4 The invitro characterization of other beneficial traits of Kurthia

gibsonii Mb 126

2.4.1 Phosphate solubilization test

Pikovskaya medium (PVK), containing glucose -10 g; Ca3(PO4), - 5 g;
(NH4),SO4 - 0.5 g; NaCl - 0.2 g; MgS0O,4.7H,0 - 0.1 g; KCI - 0.2 g; yeast
extract - 0.5g; MnSO4.H,0 - 0.002 g; and FeSO4.7H,0 - 0.002 g/l was used
for the screening of phosphate solubilizing capacity. Kurthia gibsonii Mb
126 was inoculated and incubated at 27+ 3°C for 48 hrs and observed for

yellow color change.

2.4.2 IAA (Indole -3- acetic acid) production

The test strain of Kurthia gibsonii Mb 126 was tested for [AA
production. Production of auxin was assayed by the method described by
Patten and Glick'®. Bacterium was cultured in nutrient broth medium and
incubated at 37°C for 48 h in a shaker incubator. Then 50 pl of bacterial
suspension was transferred to nutrient broth containing 50 pg /ml
L-tryptophan. After 10 days, the suspension was centrifuged at 10000 rpm
for 10 min. Consequently, 1 ml of supernatant was mixed with 4 ml of
Salkowski reagent (2 ml 0.5 mol L FeCl; + 98 ml 35% HCIO,). After
20 minutes, the sample was observed for red color. The absorbance of the
mixture was measured at 535 nm with a spectrophotometer and it was

quantified with standard curve.

ISSN 2348 - 3571 5



g;; Bharata Mata College, Thrikkakara

2.4.3 I-amino cyclopropane -1- carboxylic acid (ACC) deaminase production

Dworkin Foster medium'' supplemented with ammonium sulfate for
ACC deaminase assay was used in this test. This medium contained 20g
peptone, 10 ml glycerol, 1.5¢ K,HPO, 1.5 g K;HPO4.7H,0, 15g agar/l.
ACC deaminase activity of the isolates was detected based on their ability to
grow in Dworkin-Foster’s salt minimal medium containing ammonium

sulfate or ACC as a source of nitrogen'?.

2.4.4 NH; Production

Production of ammonia was tested in peptone water. Overnight grown
culture of Kurthia gibsonii Mb 126 was inoculated in 10 ml peptone water
and incubated for 48-72 hours at 27+ 3°C. 0.5 ml of Nessler’s reagent was
added in each tube. Brown to yellow colour formation was considered as
positive test for ammonia production'’.

2.5 Effect of Kurthia gibsonii Mb 126 seed bacterization under laboratory
conditions

2.5.1 Preparation of spore suspension

Spore suspension of Fusarium oxysporum was prepared. 8 agar blocks of
actively growing Fusarium oxysporum was inoculated in to an Erlenmeyer flask
containing 20 ml of potato dextrose broth. The flask was incubated at 27+3°C
for 3 days. The flask was then chilled at 4°C for 30 min to induce the release of
spores and then incubated at 25°C for 30 minutes. Then the culture was filtered
through cheese cloth to remove the agar blocks and attached mycelia. The

resulting spore suspension was quantified using a hemocytometer'*.

2.5.2 Effect of bacterization of tomato seedlings by filter paper method

Filter paper method was carried out according to the standard

procedures of International Seed Testing Association - 2005 using three
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replicates of 10 seeds for each treatment. The surface sterilized seeds were
exposed to 4 different conditions. 2 controls and 2 treated groups. In control
1, seeds were soaked in distilled water and in control 2, seeds were treated
with Fusarium oxysporum suspension containing approximately 4x10*
spores. The surface sterilized seeds put in bacterial suspension (10° CFU/ml)
were taken as group I and seeds were put in spore suspension of Fusarium
oxysporum for 12 hours and then transferred to the suspension of Kurthia
gibsonii Mb 126 was taken as group II. The seeds were then placed on a
moistened No.l Whatman filter paper which was carefully layered in petri
plates. Ten seeds were placed per plate. Seeds were then covered with
another layer of moistened No.l Whatman filter paper. The plates were then
wrapped with a sheet of butter paper to reduce surface evaporation and
placed at 27+ 3°C. Readings of all the 120 seeds were taken after 10 days.
For assessing the growth effect these seedlings were checked for its root
length and shoot length. Mean of these parameters were analysed statistically
by analysis of variance (ANOVA) and Tukey’s test (< 0.05). Seedling vigor
was analysed using the method of Abdul Baki and Anderson'.

The vigor index (VI) was calculated using the formula:

VI = (mean root length + mean shoot length) (% germination)

2.6 Statistical analysis

Data from laboratory and greenhouse experiments were analysed
statistically by OriginPro 7 SRO (Northampton, MA, USA). One-way
analysis of variance was used for comparison among four groups. Post hoc
multiple comparison test was used to determine the significant difference in

various groups. P < 0.05 was considered as significant.
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3 Results
3.1 Evaluation of Kurthia gibsonii for antagonism

3.1.1 Dual culture test

Kurthia gibsonii Mb 126 was found to be an efficient inhibitor of the
mycelial growth of Fusarium oxysporum and Pythium sp under dual culture
method. In this study it was also found that Colletotrichum gloeosporioides
and Corynespora cassiccola were also inhibited by Kurthia gibsonii Mb 126.
But mycelial growth of Rhizoctonia zolani, Aspergillus niger and Rhizopus

sp. were slightly resistant to K. gibsonii Mb 126.

3.2 Elucidation of functional traits of antagonistic Kurthia gibsonii Mb126

3.2.1 Production of protease, cellulase, lipase, HCN and chitinase

Kurthia gibsonii Mb126 produced a zone of clearance around the
colonies on skimmed milk agar and CM cellulose medium which indicated
the production of protease and cellulase enzymes respectively. But it was not
found to be producing extracellular lipase enzyme. After 24 hours of
incubation on colloidal chitin agar medium, it produced translucent haloes
around the colonies which indicated the production of chitinase enzyme. The

strain did not produce HCN.

3.3 Phosphate solubilization, IAA, ACC deaminase and NH; production

Kurthia gibsonii Mb 126 strain produced clearing around the colonies
after 48 hours of incubation on solidified PVK medium supplemented with
ammonium sulfate indicating phosphate solubilizing ability of the test strain.
It also produced red colour change on incubation with salkowski’s reagent.
Concentration of IAA was then quantified using a standard curve by
spectrophotometry. For ACC deaminase production Kurthia gibsonii Mb 126

was 1noculated on to DF salt minimal medium with 2% ammonium sulfate.
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ACC deaminase production was indicated by the growth of Kurthia gibsonii

Mb126 on this medium. It was also found that this strain produced ammonia.

3.4 Effect of bacterization of tomato seedlings by filter paper method

Kurthia gibsonii Mb 126 caused increased seedling vigor in tomato
plantlets upon seed bacterization. Seedling vigor is the sum of those
properties that determine the activity and performance of seed in a wide
range of environment (ISTA 2005). In the filter paper method, seed
bacterisation of Kurthia gibsonii Mb126 resulted in increased vigor of 758.7
over control I with 399.6. Very interestingly the Vigor Index of group II
seedlings was 445.6 higher than the control II with 37.5.

Moreover filter paper method also showed that there was a considerable
difference in root length and shoot length tested in different treated groups.
When the root length of group I and control I was compared, considerable
increase was seen in group I and there was five fold increase of root length seen
in group II when compared with control 2. Similarly a 2 fold increase was seen
in shoot length in group I seedlings when compared with control I and a 5 fold

increase was seen in group II seedlings in comparison with control II.

4 Discussion

In the present investigation, K.gibsonii Mb 126 was evaluated for its
antagonistic effect, production of IAA, ACC deaminase, mycolytic enzymes
and phosphate solubilisation. Its effect on plant growth was assessed under
green house conditions also. It was found that this strain could produce
protease, cellulase and chitinase. Fungal cell wall degrading enzymes like
chitinases, glucanases, proteases, and lipases individually and synergistically
as complex are integral in the antagonistic mechanism of biocontrol agents.

So antagonistic microorganisms producing fungal cell wall degrading

ISSN 2348 - 3571 9
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enzymes are usually considered as potential biocontrol agents against
phytopathogenic fungi. It has already been demonstrated that fluorescent
pseudomonads isolated from rhizosphere soil could produce one or more
antifungal metabolites like hydrogen cyanide, pyrrolnitrin, phenazine and
cell wall degrading enzymes protease, pectinase, cellulase and chitinase '°.
Many invitro studies support the significant involvement of crude as well as
purified mycolytic enzymes such as chitinase, protease and cellulase either
individually or in combinations in the inhibition of growth of various fungal
pathogens. It has been reported that protease of Serratia plays an important
role in the suppression of S.sclerotiorum and B.cinerea (Kamensky et al., 2003).
Chitinases are widely distributed in bacteria such as Klebsiella, Pseudomonas,
Clostridium, Vibrio, Arthrobacter, Serratia, —Chromobacterium, and
Streptomyces. "Reyes-Ramirez and colleagues (2005) reported the antifungal
activity of Bacillus thuringiensis chitinase and its potential for the biocontrol

of phytopathogenic fungi in soyabean seeds.

The selected strain was then tested for the production of various growth
promoting traits like IAA production, phosphate solubilisation and ACC
deaminase and NH; production. It was found that Kurthia gibsonii Mb 126
could produce high levels of IAA in nutrient agar supplemented with
50pg/ml L-Tryptophan. Indole acetic acid is the most common and well
studied auxin. IAA affects root development, cell division, differentiation,
affects pigment formation, synthesis of various metabolites, photosynthesis

and resistance to various stressful conditions'®.

L-Tryptophan is naturally present in root exudates for rhizosphere
microflora which may enhance IAA biosynthesis in rhizosphere'®. Indole-3-
acetic acid (IAA) can be synthesized in bacteria through different

biosynthetic pathways. Idris and colleagues®® showed for the first time that
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the gram-positive bacterium Bacillus amyloliquefaciens FZB42 produced
and secreted significant amounts of [AA. They also showed that the
production was increased with 50 pug ml' L -tryptophan. Patten and Glick
(2002) showed that the direct effect of IAA on root development produced
by Pseudomonas putida through the indole pyruvic acid pathway.

Interestingly Kurthia gibsonii Mb 126 could also produce ACC deaminase
enzyme and NH;. ACC deaminase producing bacteria have been known to
enhance plant growth by ameliorating plant growth inhibition caused by
ethylene production *'. These bacteria hydrolyse ACC (ethylene precursor) to
ammonia and o- ketobutyrate as their sources of carbon and nitrogen (Honma
and Shimomura, 1978; Jacobson et al., 1994; Glick et al., 1998). Thereby it
decreases ACC within the plant with the concomitant reduction of plant
ethylene™. Thus it ultimately prevents ethylene mediated growth inhibition.
Howell et al., > reported that volatile compounds such as NH; produced by
Enterobacter cloacae was involved in the suppression of Pythium ultimum
induced damping off of cotton. Production of ammonia by K. gibsonii assured
that it is a secondary metabolite of the bacteria and it has a role in its
antagonism. Phosphate solubilisation by Kurthia gibsonii Mb 126 is an another
interesting property as non availability of phosphate can be a growth limiting
factor for plants. There have been a number of reports on plant growth
promotion by bacteria that have the ability to solubilize inorganic and organic P
from soil after their inoculation in soil or seed bacterisation. These properties,
phosphate solubilization, auxin production, NH; and ACC deaminase
production, clearly indicated that Kurthia gibsonii Mb 126 is a novel strain that
has growth promoting properties along with the antagonistic property. Very
interestingly the present study revealed the production of other mycolytic

enzymes like protease, cellulase and chitinase by Kurthia gibsonii Mb 126.
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The results of filter paper method and green house experiment clearly
envisaged the ability of Kurthia gibsonii Mb 126 to improve plant growth.
In the filter paper assay, seed bacterisation with K. gibsonii Mb 126
resulted in increased vigor, with increase in the vigor index compared
with the controls. Since these IAA producing bacteria also act as a sink of
ACC, its application can have a promotional effect on IAA by preventing
ethylene biosynthesis in the plant, especially at early stage of plant
growth as reported by Jacobson et al.,(1994); Glick et al., (1995) and Li
et al., (2000)*.

The present study indicates that due to the direct (growth promotion)
and indirect (antagonistic) effect, Kurthia gibsonii Mb 126 can be
suggested as a suitable agent for controlling various fungal infections on
plants. To conclude, the present study is the first report on the antagonistic
activity of Kurthia gibsonii Mb 126 against important phytopathogenic fungus
like Fusarium oxysporum, Pithium sp., Colletotrichum gloeosporioides and
Corynespora cassiicola. Moreover it also shows multiple plant growth
promoting traits and may be used as an effective biocontrol agent against other
phytopathogenic fungi also. Since the indiscriminate and excessive application
of chemical fertilizers has lead to health and environmental hazards, farmers are
desperate to find alternative strategies that could provide better yield while
protecting soil health. In this context, Kurthia gibsonii Mb126 can be considered
as a possible alternative for chemicals for plant protection. Our future plans
include exploration of biocontrol efficiency of Kurthia gibsonii Mb 126 against
damping off of chilli by Pithium and leaf spot of rubber planting by
Corynespora cassiciola and Colletotrichum gloeosporioides. The available data
concerning the biocontrol efficacy of this novel agent are very limited; hence

further work on this topic will be of great interest.
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Abstract

With rapid growth and availability of Internet; educators, learners and
administrators of educational institutions rely on ICT based tools.
Technology reshapes the fundamentals of classroom teaching. Educators and
learners are becoming more technology oriented and it is very important that
the incorporation of latest technologies in teaching and learning process is
essential. E-learning is also becoming very popular and powerful technology
to supplement conventional teaching and learning and for distance learning.
E-learning systems usually require many hardware and software resources.
Cloud computing technology has the opportunity to quickly and
economically access various applications and platforms and resources
through Internet on-demand. This causes a reduction in system development
costs and reduce infrastructure and IT costs, increase accessibility, enable
collaboration, and allow organizations more flexibility in customizing their
products both for their brand and for their audience. Cloud storage services
meet this demand by providing transparent and reliable storage solutions.
This paper present the role of various cloud applications, tools and resources
in teaching and learning processes and also discuss the benefits of cloud
architecture and resources in education and administration of educational

institutions.

Keywords- Education, E-learning, ICT, Cloud Computing, Cloud Storage.
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1 Introduction

Learning is an important component of life. No human beings are able
to live properly without education. Introduction of ICT in education system,
the schools, colleges, research institutes, and universities clearly changes the
way education is conducted. To serve the purpose of data storage processing
and reporting for teaching, learning and for administration, the use of ICT is
very needful in the educational field. According to the needs of learners, the
teacher educators have to improvise them to use the modern technology like
cloud computing. There are lots of paradigms for getting knowledge or learn
something. One of the most promising paradigms for education is e-learning.
E-learning is commonly referred to the intentional use of networked
information and communications technology (ICT) in teaching and learning.
The capacity of ICT to support multimedia resource-based learning and
teaching is also relevant to the growing interest in e-learning. Poor or
insufficient technology infrastructure can cause more damage than good to
teachers, students and the learning experience. While the costs of the
hardware and software are falling, often there are other costs that have not
been factored into the deployment of e-learning ventures. The most
important of these include the costs of infrastructure support and its
maintenance and the appropriate training of staff to enable them to make the

most of the technology.

Cloud Computing is a new paradigm that provides an appropriate pool
of computing resources with its dynamic scalability and usage of virtualized
resources as a service through the Internet. The resources can be network
servers, applications, platforms, infrastructure segments and services. Cloud
computing deliver services autonomously based on demand and provides

sufficient network access, data resource environment and effectual
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flexibility. This technology is used for more efficient and cost effective
computing by centralizing storage, memory, computing capacity of PC’s and
servers. With the tremendous advantages of cloud computing, we expect this

technology to revolutionize the field of e-learning education.

One of the most interesting applications of cloud computing is
educational cloud. The educational cloud computing can focus the power of
thousands of computers on one problem, allowing researchers search and
find models and make discoveries faster than ever. Students expect their
personal mobile devices to connect to campus services for education. Faculty
members are asking for efficient access and flexibility when integrating
technology into their classes. It can provide a wide range of different
academic resources, research applications and educational tools. Researchers
want instant access to high performance computing services, without them
responsibility of managing a large server and storage farm. This paper
presents the benefits of using cloud computing techniques for teaching and
learning and discuss various tools used to enhance the teaching learning

process using cloud computing.

2 E-Learning

E-learning includes all forms of electronically supported learning and
teaching. The information and communication systems, whether networked
learning or not, serve as specific media to implement the learning process.
This often involves both out-of-classroom and in-classroom educational
experiences via technology, even as advances continue in regard to devices
and curriculum. Abbreviations like CBT (Computer- Based Training), IBT
(Internet-Based Training) or WBT (Web-Based Training) have been used as
synonyms to e- learning. E-learning is the computer and network-enabled

transfer of skills and knowledge. E-learning applications and processes
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include web-based learning, computer-based learning, virtual education
opportunities and digital collaboration. Content is delivered via the Internet,
audio or video tape, satellite TV, and CD-ROM. It can be self-paced or
instructor-led and includes media in the form of text, image, animation,

streaming video and audio[1].

3  Cloud Computing

Cloud Computing is Internet-based computing, whereby shared
resources, software and information are provided to computers and other
devices on demand. The “cloud” represents the Internet. Basically, it is the

delivery of computing services from a remote location. Cloud computing

services are delivered through a network, usually the Internet.
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Cloud Computing

3.1 Layers of Cloud Computing System

The cloud computing system has different layers such as Client, SaaS,
PaaS, TaaS[3]. Servers which are specifically designed for the delivery of

cloud services are also be treated as a cloud layer.
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e  (lient

The client consists of hardware and software that access cloud services.

The client can be a thick client or a thin client.

e  Software as a Service (SaaS)

A complete application is offered to the customer, as a service on
demand. A single instance of the service runs on the cloud and multiple
end users are serviced. On the customers’ side, there is no need for
upfront investment in servers or software licenses, while for the
provider, the costs are lowered, since only a single application needs to
be hosted and maintained. Today SaaS is offered by companies such as

Google, Salesforce, Microsoft, Zoho, etc.

e  Platform as a Service (PaaS)

A layer of software or development environment is encapsulated and
offered as a service, upon which other higher levels of service can be
built. The customer has the freedom to build his own applications,
which run on the provider’s infrastructure. Google App Engine,

Force.com, etc. are some of the popular PaaS examples.

e Infrastructure as a Service (IaaS)

Servers, Storage systems, networking equipment, data centre space, etc.

are pooled and made available for providing basic storage and
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computing capabilities over the network. The customer would typically

deploy his own software on the infrastructure. Some common examples

are Amazon, GoGrid, 3Tera, etc.

1. Cloud Storage

Cloud data storage is a model of networked online storage where data is

stored on multiple virtual servers, so that you can save your data in different

servers and then get access to it from the one nearest to you, wherever you are.

ub-

" documents

CLO
__STORAGE
A \

/ \
contacts files

4.1 Storing data on the cloud have the following advantages:

It lets users access their data (photos, docs, files, etc.,) from

virtually any internet-connected computer, tablet or smartphone.

Data is stored offsite and becomes available via a password-
protected website which adds some protection to computer theft and

information hacking.

It is safer than local storage especially in cases of local damage,

system crash, fire, flood, power surge or nasty virus.

It offers real time collaboration for people to work on their projects

and files from different geographical locations.

It also reduces congestion in someone's inbox, rather than emailing
each member of you family a photo or a doc, you can for instance

store all of them in one place and give them access to see them.

ISSN 2348 - 3571 21



A

e

4.2

.| Bharata Mata College, Thrikkakara

e (loud storage does not require any installations, it is all done on a

third party virtual server.

e It also does not need any replacing, it is all stored in one place

accessible from across different devices.
e Some cloud storage systems offer backup and recovery systems.
e It has no physical presence and does not require any environmental

conditions.

Some potential disadvantages of cloud data storage:

Cloud computing in general is still a fairly new technology and it is

possible that some concerns and security issues might pop up on your face

while using these services.

22

e The first concern is the level of security offered by cloud storage
systems. Even if the companies offering these services maintain
that the data will be safe and secure, yet some hacking incidents
have been marked recently putting to question the whole security

I1SSue.

e  Guarantee of accessibility: users cannot access their stored data
when there is a problem in their cloud facility or if a cloud server is
down. This problem, however, can be mitigated by cross using
different cloud-based systems which could enable users to access

their data if a problem occurred.

e  Access to your data relies on internet connection which means that
when there is a problem with connection, it would also be difficult

to connect to the cloud system.
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Cloud computing is just like any other technology; it is safer in some
ways and less safe in others. Always store the same data in different services
and use your common sense. Never store copies of confidential documents

on the cloud and always use a strong password for your accounts.

2. Teacher Benefit from Cloud Storage

There are 12 ways teachers and students can benefit from cloud storage.

5.1 Sharing Resources

In the past, if a colleague had delivered a great lesson on tenth grade
history, you might never find out about it till you had already duplicated his
effort. With cloud storage, teachers within a school can create a central
repository of knowledge that they can all draw on. Putting all digital
resources and worksheets inside a shared folder means teachers can pick the
best information and examples to create their lessons and avoid duplication
of effort and wasted time. And teachers can also access all administrative

documentation from a shared space too.

5.2 Better Security, Avoiding Loss

Most teachers spend a lot of time on their home computers preparing
information for their students, but what if that information isn’t backed up or
is lost because of computer failure? Or suppose you have put it on a portable
hard drive or USB drive and then that drive is lost, stolen or damaged?

Having key data stored in the cloud makes this a thing of the past.

For example, you won’t have to worry about data loss, because
everything will be backed up with your cloud storage provider. And you
don’t need to worry about someone getting access to sensitive information
(most of the time, anyway) as people will need a username and password to

get access to the whole cloud backup service.
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Cloud backup is very reliable. It provides the opportunity to backup all
files on a server besides computer hard drives. Cloud backup ensures the
safety of stored information. Cloud storage protects important research
papers or lectures from hard disk crash or any other technical issue. And
cloud technology ensures that no fraud gets access to sensitive information.
Because it is password protected. For additional security, provisions can be
made to place restriction on the content of individual folder and set password

for them.

5.3 Huge Storage Capability

One of the main advantages of cloud storage is that, it has lots of space.
Cloud provides the opportunity to store things like documents, videos,
presentations which are extremely necessary for teachers. These stored
documents and presentations can help the students understand the ideas and
concepts in the classroom. It allows the teachers to remain organized
knowing all their materials are safe at a specific location. Without moving
their laptops or hard drives teachers may use their necessary files on regular

basis by using cloud storage.

5.4 Freedom of Using Own Device (BYOD)

Sometimes the technical facilities of a school may not be up to the
standard. As a result, many teachers have to bear the frustration of using
unhandy technology. It gets even worse when he/she has a better laptop at home.
Cloud technology relieves the teachers from this discomfort. By virtue of this

technology teachers can use their own gadget freely in their workplace.

5.5 Ease of Grading

Teachers can give assignments and home works online via the cloud.

They can post assignments and grade them easily with much comfort by
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using cloud technology. Applying the cloud system, teachers can allow the
students to submit their assignments online without printing anything. Cloud

technology helps the teachers to grade faster and more accurately.

5.6 Collaboration with Other Teachers

Cloud storage is a great tool for educational collaboration. Need to
create a new course? Then keep all the source files in a secure cloud
repository where everyone can work on them. Physical location is no longer
a barrier to collaboration, so you can even work with teachers in other
educational institutions and in other countries, to create the best experience

for your students.

5.7 Student Collaboration

Cloud storage is great for students too. For one thing, they can have
constant access to cloud materials and never again have to worry about
losing a single, crucial piece of paper. And working on group or class
projects becomes much easier with cloud storage, as students can upload and
combine resources in a single cloud storage repository. In fact, in networked
institutions, they might even be able to run their presentations from those
same cloud services, taking advantage of inline media playing and excellent

multimedia display.

5.8 Running Applications

“It’s not in the budget.” That’s something teachers often hear when
requesting the latest piece of educational software. But if educational
institutions use cloud storage, then maybe the budget can go further. That’s
because they will only pay for the storage space they need and because some
cloud storage providers (like Jolidrive) make applications available. This cuts

down on software licensing costs for teachers and educational institutions so
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they can spend more money on the other resources they need instead. An
educational license for Google Drive (100 GB for 23.88 $/year), for example,
would give students and teachers access to word processing, spreadsheet and

presentation software as well as file, image and media storage.

5.9 Tracking Changes

One of the annoying things sometimes can be when you change a file
and then decide that you don’t like the new version. Since many cloud
storage services keep track of different versions of files it is easy to restore
the old version and have that available to everyone without needing to run

around collecting outdated copies.

5.10 Reducing Paper Use

Using the cloud can help teachers interested in green issues do their
bit for the environment and model responsible behaviour for their
students. Using digital resources and encouraging students to access these
on their own devices is one aspect of this. But it’s also useful to give
students access to work sheets from a central place and let them print
them as needed. This cuts down on unnecessary printing and paper
wastage, reducing the school’s printing bill and benefiting the environment

at the same time.

5.11 Helping Others

There are many developing countries without widespread access to
educational resources — and therefore to education. But when information is
stored in the cloud, if teachers are able to access the internet either via a fixed
connection or their mobile devices, then they can use those resources to

benefit their students.
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5.12 Far-Reaching

Many third world countries cannot provide their students and teachers
with quality education. Students are deprived from quality education due to
absence of standard schools. By using cloud storage students all over the
world can be benefited. Light of knowledge can be spread all over the world

through the use of Cloud technology.

6. Cloud Storage Tools

The various commonly used cloud storage tools are Google Docs,
Evernote, Dropbox, Team Drive, Ubuntu, Spideroak, SkyDrive, CX, Cubby,
Box, Uploadingit, Amazon Cloud Drive, Pogoplug, etc.

e

g$> Google Drive
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iCloud
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6.1 Google Docs
Fahael
e  More than letters and words

Google Docs brings your documents to life with smart editing and
styling tools to help you easily format text and paragraphs. Choose from

thousands of fonts, add links, images, drawings, and tables. All for free.
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e  Get to your documents anywhere, anytime

Access, create, and edit your documents wherever you go—from your

phone, tablet, or computer.
e Do more, together

With Google Docs, everyone can work together in the same document

at the same time.

o Share with anyone

Click share and let anyone — friends, classmates, co-workers, family

— view, comment on or edit your document.

o Edit in real-time

When someone is editing your document, you can see their cursor as

they make changes or highlight text.

o Chat & Comment

Chat with others directly inside any document or add a comment with

“+” their e-mail address and they will a notification.

e o 6. S
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Never hit “save” again

All your changes are automatically saved as you type. You can even use
revision history to see old versions of the same document, sorted by date

and who made the change.

Works with Word
Open and edit Microsoft Word files. Convert Word files to Google Docs

and vice versa. Don't worry about buying software again.

Offline? No problem

You can get to your documents from wherever you are, even without a
signal. Simply enable offline editing to work in your browser or pin files

on your mobile device.

Do more with add-ons

Take your Docs experience even further with add-ons. Try Avery Label

Merge to create and print labels and name tags.

Evernote

Evernoteis a Cloud productivity tool and digital notebook that allows

you to store various types of content, and access your content seamlessly

from various devices—whether it be a smartphone, a PC, or a tablet.

Evernoteis a place to store any kind of electronic information in the

same place — Email messages — Web pages — PowerPoint presentations —

Word, Excel, PDF, files — Pictures — Screen clips — Audio and video files.

Evernoteis available on the web — http://www.evernote.com/ — Two

versions: free and Premium ($45/year) — Several platforms « Mac OS X

Leopard « Windows ¢ iPhone / iPod Touch « Windows Mobile.
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Evernotestores notes in Notebooks. Evernote uses tags (descriptive

words) rather than sections or folders to classify notes. We can assign one or

more tags to a note. We can enter additional tags when needed. The tags are

stored with the note. One note can have more than one tag. Tags can be

added and removed at any time.
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Here are a few stand-out functions:

30

We can sync your Evernote account across multiple devices,
including your PC, Mac, tablet, and smartphone, and have complete

access to all your stored data, notes, and other items from all places.

We can create notebooks to share collections of notes with certain
teams. For example, your Marketing Ideas notebook can be a joint
collaboration with the marketing team while your Recipes to Try
notebook might just be one you share with your spouse so you’re

both inspired when it’s time to plan meals.

Thanks to Evernote’s Optical Character Recognition (OCR)
technology, you can snap a picture that includes text, signage, or

other lettering, and Evernote will recognize and store that data along
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with your picture, making it easy for you to search a keyword term

and find the photo you’re looking for later.

e Advanced tagging features let you associate data with each note and
notebook, so you can easily create a personal library of well-tagged

notes that can be searched by keyword.

e Evernote’s Web Clipper, a new alternative to bookmarks in your

browser, lets you save your favorite links easily for later perusal.

6.3 Dropbox

Dropbox is free for the first 2GB of storage. If you want more than that
you’ll have to pay, or have people sign-up for Dropbox using a link you
provide in which case they’ll award you a little referral love by increasing
that amount for each person bring in. Youdo have to download their
software to install on your machine—this is not a browser-based program.
You’ll need network access, obviously, if you want files to be synced

between machines.

It offers a 2GB free storage capacity and you can get up to 8 GB by
inviting every new user. It works on Windows, Mac and Linux as well as on

smartphones and tablets.

D o G
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Your stuff, anywhere
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Wherever you are

Put your stuff in Dropbox and get to it from your computers, phones, or
tablets. Edit docs, automatically add photos, and show off videos from

anywhere.
Share with confidence

Share photos with friends. Work with your team like you're using a
single computer. Everything's automatically private, so you control who

sees what.
Safe and secure

Even if your phone goes for a swim, your stuff is always safe in
Dropbox and can be restored in a snap. Dropbox secures your files with

256-bit AES encryption and two-step verification.
Dropbox for Business

Millions of people use Dropbox at work. With Dropbox for Business, get
the power and security of Dropbox plus robust admin controls, dedicated

support, and all the space you need. Learn about Dropbox for Business.

Sugar Sync

SugarSync

Access All Your Files.
Anytime. Anywhere.

SugarSync works the way you do:
Sync any folder on any computer or device using
your existing folder structure.

SugarSync beats the competition.
3 >

Al k| @ [l ey
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This tool offers up to 5 GB of free cloud storage and when you refer
someone to it you will earn a 500 MB bonus. It also supports Windows and

Mac and works on i10S, Blackberry, Android and Windows Mobile.

e  Powerful and Simple

Sync just a few folders or sync all your folders. Simply right click on
any folder to add it to SugarSync. The entire folder is continuously
backed up in real time providing you access to your folders anytime,
anywhere, from any PC, Mac, i0S, or Android device. Start editing a

file on your office PC and finish it at home on your home Mac.
e  Secure File Sharing

Whether it’s to collaborate on team projects, distribute view-only files,
or simply post links to documents on the web, you have complete
control over how you share your files. Invite specific people to access
your files and control whether they can only view them or edit them too.
Don’t need to restrict access? Generate a public link so that anyone with

the link can view your files.
e  Remote Wipe Your Data

Remote Wipe makes it simple to remove all synchronized files from a
PC or Mac in the event of loss or theft. It also makes it easy to transfer
ownership of a computer — you can rest assured that all personal data
stored in the cloud has been removed from a machine after you’ve used
Remote Wipe. And, because the data remains in the cloud, it can easily
be synced to a new, replacement device. We believe we are the only
company providing this level of control and security for both a PC or

Mac owner.
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e  Mobile Productivity

Get stuff done on-the-go. Use SugarSync on your iOS or Android phone
or tablet to access, share, and manage your files from anywhere. Edit a
file and it’s instantly updated so you'll see the latest version when you're

back at the office or at home.

6.5 TeamDrive

This is a great secure cloud storage service that offers users up to 10 GB
of free cloud storage. It also provides easy and secure collaboration and

automatic encryption and synchronisation.

6.6 Ubuntu

Ubuntu provides 5GB of free cloud storage and allows users to keep
their content safe, access it anywhere, and even share it with other friends

and colleagues.

6.7 iDrive

This one here offers 5 GB storage and supprots multiple languages It

works for Mac, Windows , and iPhone

6.8 SpiderOak

SpiderOak is a free service that provides an easy, secure and consolidate
free online backup, sync, sharing, access and storage solution for Windows,

Mac OS X, and Linux.

6.9 SkyDrive

This is a service from Windows Live and can be used to store your
data on the cloud for free and also to backup and sync your computer

files.
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6.10 Box

This is another wonderful cloud storage service that lets users store all
their content online and access, manage and share it from anywhere. It offers

from 5 to 50 GB of free storage.

6.11 Uploadingit
This is a great file hosting site. It allows users to upload, download,

manage and share images, videos, documents and many more. The free plan

offers 10GB of space and 10 Gb of daily bandwidth.

6.12 Amazon Cloud Drive

This is the official cloud data storage system of Amazon. It offers up
to SGB of free storage together with backup services but does not sync

files.

7. Advantages of Cloud based e-learning

There are numerous advantages when the e-learning is implemented

with the cloud computing technology [2]. They are:

7.1 Low cost

E-Learning users need not have high end configured computers to run
the e-learning applications. They can run the applications from cloud through
their PC, mobile phones, tablet PC having minimum configuration with
internet connectivity. Since the data is created and accessed in the cloud, the
user need not spend more money for large memory for data storage in local
machines. Organizations also need to pay per use, so it’s cheaper and need to

pay only for the space they need.
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7.1 Improved performance

Since the cloud based e-learning applications have most of the
applications and processes in cloud, client machines do not create problems

on performance when they are working.

7.2 Instant software updates

Since the cloud based application for e-learning runs with the cloud
power, the software’s are automatically updated in cloud source. So, always

e-learners get updates instantly.

7.3 Improved document format compatibility

Since some file formats and fonts do not open properly in some
PCs/mobile phones, the cloud powered e-learning applications do not have to
worry about those kinds of problems. As the cloud based e-learning

applications open the file from cloud.

7.4 Benefits for students

Students get more advantages through cloud based e-learning. They can
take online courses, attend the online exams, get feedback about the courses
from instructors, and send their projects and assignments through online to

their teachers.

7.5 Benefits for teachers

Teachers also get numerous benefits over cloud based e-learning.
Teachers are able to prepare online tests for students, deal and create better
content resources for students through content management, assess the tests,
homework, projects taken by students, send the feedback and communicate

with students through online forums.
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7.6 Data security

A very big concern is related to the data security because both the
software and the data are located on remote servers that can crash or
disappear without any additional warnings. Even if it seems not very
reasonable, the cloud computing provides some major security benefits for

individuals and companies that are using/developing e-learning solutions.

8. Conclusion

Cloud computing is a significant alternative for today’s educational
perspective. Learners, Educators and Administrative Personnel have the
opportunity to get quick access of various application platforms and
resources through the internet on demand. This automatically reduces the
cost of organizational expenses and offers more powerful functional
capabilities. In this paper we discussed various cloud based tools and storage
technologies for teaching and learning process. Cloud based education will
help the learners, educators, trainers, institutions to a very high extent to get
the knowledge shared over various parts of the world. Even governments can

take initiatives to implement this system in educational institutions in future.
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Abstract

Polypyrrole- nano zinc oxide composites were prepared by in-situ chemical
oxidative polymerization method. Naphthalene sulphonic acid is used as
dopant and ammonium peroxo disulphate as oxidant. Composites were
characterized using SEM, UV-Visible spectroscopy and FTIR. The room
temperature dc electrical conductivity of polypyrrole nano zinc oxide
composites was measured using two probe method and observed to depend

on the amount of nano zinc oxide.

Keywords: - Polypyrrole, nano zinc oxide, nano composite, conductivity.

Introduction

For the past few years, most of the researchers are extensively indulged
in the development of nano materials and their composites because these
materials and their composites have shown several applications such as
electronic devices, sensors, opto electronic devices, medicines, renewable
energy materials, etc. Moreover the nano composite materials composed of
conducting polymers have brought out many applications such as smart
windows, antistatic coatings, electromagnetic shielding materials, gas

sensors, actuators, rechargeable batteries, drug delivery etc.'”
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In recent years, the conducting polymers are used as substitute for metals
and semiconductors as advanced materials for electronic and electrochemical
devices. Among the conducting polymers, polypyrrole is especially promising
for commercial applications because of its good environmental stability, facile
synthesis, and higher conductivity than other conducting polymers®. It possesses
deep black colour, ion-exchange capacity, hydrophobic nature, strong adsorption
capacity towards molecular and macromolecular species® . Polypyrrole can be
often used as biosensors, wires, micro actuators, anti-electrostatic coatings,

electro chromic windows and displays, polymeric batteries, etc.>*

Nowadays, polymer-inorganic hybrid nano composites have been
receiving extensive attention due to their innumerable applications in various
fields. As mentioned in reference [4,5] the transparent metal oxides
nanoparticles like zinc oxide, titanium oxide have non-toxicity, chemical
sustainability and feasibility of their being doped with variety of ions’.
Among these zinc oxide has been greatly used in the fabrication of
polypyrrole hybrid materials’. It has been reported about several zinc oxide —
polypyrrole composites and dc conductivity measurements by mechanical
mixing of polypyrrole and zinc oxide powder. But a few studies are there on

the nano zinc oxide in-situ polymerisation method.

In view of this, in the present work attempts have been made to study
the variation of conductivity by in-situ polymerization of polypyrrole with

different weight percentages of nano zinc oxide.

Experimental Procedure
Preparation of polypyrrole

0.15 mol of B- naphthalene sulphonic acid is added to 100 ml distilled
water and stirred for 10 minutes. To this magnetically stirred solution, add

0.3 mol of pyrrole and stirred well for 15 minutes. To this well stirred
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solution add dropwise 0.6 mol ammonium peroxydisulphate solution in 20 ml
distilled water. Then solution is stirred for 24 hours. Add distilled water and
methanol to stop the reaction and filtered using Whatmann No.1 filter paper, till

washings are colourless. Then it is dried at 60°C in hot air oven.

Preparation of nano zinc oxide- polypyrrole composites

Nano zinc oxide is added to 100 ml of distilled water. It is then
magnetically stirred for 30 minutes. Then add 0.15 mol of B-naphthalene
sulphonic acid and stirred for 10 minutes. To this magnetically stirred solution,
add 0.3 mol of pyrrole and stirred well for 15 minutes followed by the addition
of 0.6 mol ammonium peroxydisulphate solution in 20 ml distilled water drop
wise. Then solution is stirred for 24 hours. Distilled water and methanol is added
to stop the reaction and filtered using Whatmann No.1 filter paper till washings

are colourless. Then it is dried at 60°C in hot air oven.

Characterisation

The chemical bonding was analyzed using FTIR spectroscopy by Fourier
Transform Infra Red Spectrometer (Model: Thermo Nicolet, Avatar 370) using
KBr pellets. UV-Visible spectra of the samples were taken using UV-Vis-NIR
Spectrophotometer model: Varan, Cary 5000.Wavelength is recorded between
200-800 nm. The morphology of the samples was examined using Scanning

electron microscope (SEM) JEOL make JSM 5400 Model.

The DC conductivity of samples was measured by preparing its pellets
of diameter 13mm and thickness approximately Imm. The conductivity was
tested by two probe apparatus. It consists of two copper plates which serve as
electrodes. One of the copper electrodes is spring loaded to give enough
pressure on the sample pellet so that electrical contact is maintained. The

conductivity was measured at room temperature.
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Results and Discussions
UV-Visible spectroscopy analysis data
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The UV-Visible spectra of 1.a pure polypyrrole, 1.b 10% nanozinc oxide-
polypyrrole composite, 1.c 20% nanozinc oxide-polypyrrole composite, 1.d
30% nanozinc oxide-polypyrrole composite,l.e 40% nanozinc oxide-
polypyrrole composite,1.f 50% nanozinc oxide-polypyrrole composite.
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From the figure 1, we get the peaks in the range between 278-320 nm,
which indicates the presence of nano zinc oxide particles in the figures 1.b-1.f.
Also we get the peaks in the range 760-835 nm which correspond to
polypyrrole chains in the figures 1.a- 1.f.

Morphological studies of pure polypyrrole and nano zinc oxide polypyrrole
composites

X10,000 1 jam 000 11 4T 5EI 20kY (3,00 fijar o000 1% 47 SEI
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20kV  X10,000 1pm 0000 11 47 SEl

SEM Analysis of 2.a pure polypyrrole, 2.b 10%nanozinc oxide-polypyrrole
composite, 2.c 20% nanozinc oxide-polypyrrole composite, 2.d 30% nanozinc
oxide-polypyrrole composite, 2.e 40% nanozinc oxide-polypyrrole composite,
2.f50% nanozinc oxide-polypyrrole composite.
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Fourier Transform Infrared Analysis
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FTIR Studies of 3.a pure polypyrrole, 3.b 20% nano zinc oxide-polypyrrole
composite, 3.c 30% nano zinc oxide-polypyrrole composite, 3.d 40%

nanozinc oxide-polypyrrole composite, 3.e 50% nanozinc oxide-polypyrrole
composite.
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From the figure 3, the peaks at 3250- 3400 cm™ corresponds to N-H
stretching, 2210- 2260 cm™ corresponds to C=N stretching, 1640-1680 cm™
corresponds to C=C stretching, 1580-1650 cm™ corresponds to N-H
bending, 650-1000 cm™ corresponds to = C-H bending of alkenes. And we
got the peaks at 3300-3400 cm™, so from ftir spectra it is clear that
polypyrrole is formed. The peaks between 450- 500 cm™ shows the metal
oxide ZnO, 1400- 1500 cm™ shows C=0 bonds, 1626 cm” O-H bending
vibrations, peaks near 620,1642 cm’ shows the Zn-O deformation and

stretching.

DC Conducivity Studies

As the concentration of nano zinc oxide increases, the dc conductivity
of the samples decreases. This is due to the fact that a layer of nano zinc
oxide is forming above polypyrrole layer. As the doping amount of nano zinc
oxide increases it will prevent the tunneling of electron from one polypyrrole

chain to the other. This causes a decrease in conductivity.

Weight percentage of nano ZnO(Weight %) Conductivity S/Cm

0 .00000825264
10 .0019697
20 .0120

30 .000942
40 .000846
50 .000061115
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Figure 4. Variation of conductivity with different weight percentage of anozno
to pyrrole monomer ratio.

Conclusions

Polypyrrole doped with - naphthalene sulphonic acid and its nano zinc
oxide composites was synthesized. All these six samples were characterized
using FTIR, UV-Visible Spectroscopy, and SEM. It was seen that there are
structural and morphological differences which affect their conductivity
properties. The electrical conductivity was highest for 20% nano zinc oxide —
polypyrrole composites. (x 10°S/cm). As the percentage of zinc oxide
increases, distribution of zinc oxide particles in polypyrrole is difficult. This

in turn affects the conductivity of the composites.
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