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Welcome	Address	
 

Major	General	Milinda	Peiris	RWP	RSP	VSV	USP	ndc	psc	MPhil	(Ind)	PGDM	
Vice	Chancellor,	General	Sir	John	Kotelawala	Defence	University	

	

									Chief	Guest,	Secretary	-	Ministry	of	Defence,	
General	 Kamal	 Gunaratne	 (Retd),	 Keynote	
Speaker,	 Hon.	 Prof.	 Subramanian	 Swamy,	
Your	 Excellencies	 in	 the	Diplomatic	 Corps,	
Chief	of	Defence	Staff,	Gen	Shavendra	Silva,	
Commander	 of	 the	 Army,	 Lt	 Gen	 Vikum	
Liyanage,	 Commander	 of	 the	 Navy,	 Vice	
Admiral	 Nishantha	 Ulugetenne,	 Eminent	
plenary	speakers	representing	our	friendly	
nations,	 Vice	 Chancellors	 of	 Other	
Universities,	Former	Commandants	of	KDA,	
Former	Chancellors	and	Vice	Chancellors	of	
KDU,	Rectors	of	KDU	Campuses	and	Deputy	
Vice	 Chancellors,	 	 Deans	 of	 Faculties	 and	
Centre	 Directors,	 Senior	 Military	 Officers	
and	 Police	 officers,	 Academics,	
Administrative	 Staff,	 Students,	 All	
distinguished	 guests	 including	 those	 who	
connected	with	us	in	the	cyberspace,	Ladies	
and	gentlemen,	Good	Morning	 to	you	all!	 I	
am	deeply	honoured	to	make	the	welcome	
address	 at	 this	 inauguration	 of	 the	 15th	
International	Research	Conference	(IRC)	of	
General	 Sir	 John	 Kotelawala	 Defence	
University.	 To	 begin	 with,	 I	 warmly	
welcome	our	chief	guest	this	morning,	Gen	
Kamal	 Gunaratne	 (Retd),	 Secretary	 to	 the	
Ministry	 of	 Defence	 for	 gracing	 this	
important	 occasion.	 We	 owe	 you	 a	 great	
deal	 of	 respect	 for	 the	 whole-hearted	
support	extended	for	the	progression	of	this	
university	at	all	times.	Also,	may	I	have	the	
distinct	 honour	 of	welcoming	 our	 keynote	
speaker,	 the	 esteemed	 and	 renowned	

personality,	Hon	Prof	Subramanian	Swamy	
from	neighbouring	India.		
Hon	Sir,	we	are	extremely	grateful	to	you	for	
accepting	 our	 invitation	 and	 honouring	 us	
with	 your	 gracious	 presence	 to	 deliver	 the	
keynote	 address	 of	 this	 two-day	
international	research	conference.	I	am	sure	
that	your	eminent	presence	adds	great	value	
to	the	event,	and	we	are	looking	forward	to	
listening	 to	 your	 words	 of	 wisdom,	 which	
will	surely	set	the	most	appropriate	tone	for	
this	scholarly	event.		
I	also	welcome	the	Chief	of	Defence	Staff,	Gen	
Shavendra	 Silva,	 Commander	 of	 the	 Army,	
Commander	 of	 the	 Navy	 and	 all	 other	
members	of	our	Board	of	Management.	Let	
me	also	warmly	welcome	the	members	of	the	
Diplomatic	 Corps	 representing	 our	 friendly	
nations,	 Vice	 Chancellors	 and	 Senior	
Academics	 from	 other	 universities,	 Former	
Commandants	of	KDA,	Former	Chancellors	&	
Vice	 Chancellors	 of	 KDU,	 Other	 officials	 of	
Ministry	 of	 Defence,	 Academics,	 Senior	
Military	Officers,	Plenary	speakers,	Scholars	
presenting	 papers	 in	 this	 two-day	
conference,	 and	 all	 other	 distinguished	
invitees	 and	 students	 joining	 this	 event	
physically	 as	well	 as	 on	 cyberspace.	 As	 the	
Vice	 Chancellor	 of	 KDU,	 I	 admire	 your	
valuable	presence	at	this	occasion.		
Reflecting	on	KDU	IRCs	held	last	year	and	the	
year	 before,	 we	 held	 them	 under	 the	most	
trying	circumstances	of	the	grave	pandemic.	
They	 really	 tested	 our	 resilience	 and	
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defiance	against	challenges	to	the	very	core.	
Along	 with	 the	 IRCs,	 we	 determinedly	
continued	 with	 all	 academic	 and	 other	
activities	of	the	university	with	much	vigor,	
and	 the	 results	 are	 evident	 in	 our	
achievements.	
	
Ladies	 and	 gentlemen,	 today,	 we	 are	 glad	
that	KDU	has	firmly	established	its	foot	print	
as	a	unique	higher	educational	model	in	the	
world,	 which	 even	 its	 critics	 would	 not	 be	
able	to	disagree	with.	The	best	evidence	is	its	
steady	growth	in	its	popularity	as	an	Higher	
Education	 Institute	 in	 Asia,	 as	 well	 as	 the	
quality	of	its	output,	which	are	evident	in	the	
Times	 Higher	 Education	 Impact	 Ranking,	
2022	 table,	where	KDU	 is	 ranked	2nd	 in	Sri	
Lanka	for	Quality	of	Education	and	4th	in	the	
overall	ranking	in	the	country	and	in	the	801-
1000	range	globally.	A	more	recent	indicator	
of	our	growth	is	evident	in	the	world	ranking	
of	Law	Schools,	where	the	KDU	faculty	of	law	
took	 a	 leap	 in	 the	world	 ranking	 from	 	 the	
498th	place	in	2021	to	the	83rd	place	in	2022,	
from	the	189th	place	to	the	25th	place	in	Asia,	
and	from	the	5th	place	to	the	2nd	place	in	Sri	
Lanka.	
	
Ladies	 and	 gentlemen,	 today,	 we	 hold	 the	
15th	consecutive	IRC	at	a	time	when	we,	Sri	
Lankans	are	 in	a	grave	need	 to	pull	up	our	
socks	 as	 a	 nation	 to	 face	 the	 seemingly	
unsurmountable	 economic	 crisis	we	 are	 in.	
And	 we	 as	 a	 university	 are	 determined	 to	
give	 our	 utmost	 best	 for	 the	 nation	 at	 this	
crucial	 juncture.We	believe	 that	 the	 role	 of	
the	 universities	 and	 the	 intellectual	
community	 of	 the	 nation	 is	 of	 paramount	
importance	 for	 the	 resurrection	 of	 our	
economy,	 and	 that	 of	 the	 nation’s	 defence	
university	is	even	more	significant	as	it	deals	

with	the	national	security	perspective	which	
is	 inseparably	 linked	 with	 the	 economic	
crisis	and	with	a	possible	recovery	from	the	
same.	
		
Serious	 research	 in	 defence	 and	 security	
studies	 needs	 to	 go	 hand	 in	 hand	 with	
rigorous	research	in	all	other	fields.	This,	we	
believe,	 is	 an	 essential	 prerequisite	 for	 a	
quick	 and	 sustainable	 recovery	 from	 the	
crisis.	 So,	 we	 carefully	 selected	 the	
overarching	 theme,	 “Economic	 Revival,	
National	Security,	and	Sustainability	through	
Advancement	 of	 Science,	 Technology,	 and	
Innovation”	for	this	year’s	conference,	and	its	
scope	 encompasses	 a	 wide	 range	 of	
significant	 research	 possibilities	 to	 engage	
in.	
	
Our	 aim	 in	 selecting	 this	 theme	 entails	 a	
holistic	 vision	 of	 the	 complexities	 of	
economic	and	national	security	perspectives	
which	 demand	 comprehensive	 inter-	 and	
multidisciplinary	 approaches	 to	 resolve	
contemporary	 issues.	 The	 expectation	 is	 to	
carry	forward	the	research	outcomes	to	the	
attention	 of	 those	 in	 authority	 to	 consider	
implementation	 to	 resolve	 related	 issues.	 I	
do	 not	 intend	 to	 talk	 any	 further	 on	 this	
aspect	 as	 I	 am	 sure	 our	 keynote	 speaker	
would	 elaborate	 on	 the	 conference	 theme	
and	 its	 significance.	 Ladies	 and	 gentlemen,	
having	 commenced	 in	 the	 year	 2008	 in	 a	
humble	 way,	 the	 KDU	 IRC	 gained	 gradual	
momentum	as	 a	 trustworthy	 forum	 for	 the	
country’s	scholarly	community	to	showcase	
their	 multi-disciplinary	 research	 outcomes.	
And	what	is	noteworthy	is	the	ever	growing	
increase	 in	 the	 number	 of	 research	 papers	
submitted	for	the	conference,	and	more	so	is	
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the	increasingly	higher	quality	of	the	papers	
presented	at	the	conference.		
Therefore,	KDU	enjoys	 the	humble	pride	of	
its	leading	role	in	strengthening	the	research	
culture	in	the	country	that	is	more	and	more	
inclined	 towards	 product	 based	 or	
problemsol	ving	outcomes	in	relevant	fields,	
which	I	believe	is	the	need	of	the	hour.	Also	
the	 involvement	 of	 internationally	
collaborative	 research	 is	 on	 the	 increase.	
Anyone	who	visits	the	KDU	IRC	Proceedings	
would	 note	 the	 evolutionary	 path	 of	 the	
progression	 in	 research	 in	 the	 country	
spearheaded	 by	 KDU	 –	 You	 could	 see	 the	
increasingly	 high	 numbers	 of	 researchers	
representing	 almost	 all	 the	 universities,	
other	 Higher	 Education	 Institutes	 and	
research	institutes	of	the	country	as	well	as	
those	 from	 renowned	 universities,	 Higher	
Education	Institutes	and	research	institutes	
in	the	world.	So,	we	are	proud	of	our	role	in	
establishing	local	and	international	research	
and	 scholarly	 networks	 that	 would	 further	
enhance	 creation	 of	 new	 knowledge	 in	
diverse	disciplines	and	dissemination	of	the	
same.	
	
Ladies	and	gentlemen,	the	organizers	of	this	
year’s	 research	 conference	 too	 have	 been	
doing	 their	 utmost	 best	 to	 maintain	 and	
upgrade	 the	 quality	 of	 the	 annual	 research	
conference	despite	 challenges,	 especially	 in	
the	 face	 of	 financial	 constraints	 which	
compelled	them	to	significantly	cut	down	on	
peripheral	expenses.		
The	circumstances	have	compelled	 them	to	
rely	 on	 our	 own	 resources	 as	 much	 as	
possible,	 which	 I	 believe	 is	 a	 blessing	 in	
disguise	 in	 the	 crisis	 situation	 to	 convert	

challenges	 into	 opportunities.	 I	 appreciate	
their	 effort	 and	 the	 support	 extended	 from	
all	 quarters	 to	make	 the	KDU	 International	
Research	 Conference	 a	 resounding	 success	
in	terms	of	achieving	its	objectives.	So,	let	me	
conclude	by	once	again	welcoming	our	chief	
guest,	 the	 erudite	 keynote	 speaker,	 and	 all	
the	other	distinguished	invitees.	I	convey	my	
congratulations	 to	 all	 researchers	who	will	
be	 presenting	 their	 research	 during	 the	
couple	of	days.		
	
I	also	request	those	whose	papers	were	not	
selected	through	the	double	blind	reviewing	
process	not	to	get	disheartened	because	you	
had	competed	with	many	for	a	placement	in	
the	 conference.	 Finally,	 let	 me	 express	 my	
heartfelt	 thanks	 to	 the	 Chairman	 of	 the	
Conference	 Organizing	 Team,	 Dr.	 Kalpa	
Samarakoon,	 Secretary,	 Dr.	 Pandula	
Athawuda	Arachchi	and	the	other	members	
of	 the	 team	for	 the	tireless	hours,	days	and	
weeks	 you	 spent	 to	 see	 the	 success	 of	 this	
important	event.	
		
May	the	KDU	IRC	be	a	haven	for	establishing	
scholarly	links	at	national	and	international	
levels,	which	would	pave	the	way	for	fruitful	
research,	 academic	 and	 even	 industrial	
collaborations	 for	 the	 betterment	 of	 our	
nation,	 its	 security	 and	 its	 social,	 economic	
and	political	stability	that	would	in	turn	pave	
the	way	 for	 the	 creation	 of	 a	 self-sufficient	
nation	 in	 the	 not	 so	 long	 future.	 Let	 us	
optimistically	believe	in	ourselves	and	in	our	
potentials	 to	 reach	 that	 target	 sooner	 than	
later.	
	
Thank	you.		
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Chief	Guest	Speech	

 
General	Kamal	Gunaratne	(Retd)	WWV	RWP	RSP	USP	ndc	psc	MPhil	

Secretary	-	Ministry	of	Defence,	Sri	Lanka	

Hon.	 Prof.	 Subramanian	 Swamy,	 Keynote	
speaker	 of	 the	 15th	 International	 Research	
Conference	 2022	 of	 General	 Sir	 John	
Kotelawala	 Defence	 University,	 Your	
Excellencies	in	the	Diplomatic	Corps,	Chief	of	
Defence	 Staff,	 Commander	 of	 the	 Army,	
Commander	of	 the	Navy,	Chief	of	 the	Staff	of	
Sri	Lanka	Air	force,	Vice	Chancellors	of	Other	
Universities,	Vice	Chancellor	of	KDU,	Eminent	
speakers	from	friendly	foreign	nations,	former	
commandants	of	KDA,	former	Chancellors	and	
Vice	 Chancellors	 of	 KDU,	 Rector	 of	 KDU	
Metropolitan	 Campus,	 	 Rector	 of	 KDU	
Southern	 Campus	 and	 Deputy	 Vice	
Chancellors,		Deans	of	Faculties	and	Directors,	
Senior	 Military	 Officers	 and	 Police	 officers,	
Distinguished	guests,	Ladies,	and	Gentlemen’s.	
Good	morning	to	all	of	you.		
	
I	consider	it	as	a	great	pleasure	and	privilege	
to	be	present	here	today	as	the	chief	guest	of	
the	inauguration	ceremony	of	General	Sir	John	
Kotelawala	Defence	University's	International	
Research	Conference,	which	is	taking	place	for	
its	15th	consecutive	time.			
	
Without	a	doubt	it	provides	as	opportunity	for	
academics,	 professionals,	 researchers	 and	
practitioners	 from	 all	 around	 the	 world	 to	
share	 their	 research	 findings	 and	 expertise	
addressing	mutual	 challenges	 in	 their	 fields.	
Further	it	provides	an	opportunity	for	a	wide	
interaction	and	networking	with	national	and	
international	 scholars	 in	 respective	 fields	
which	 in	 turn	 proved	 beneficial	 for	 the	

participants	 to	 broaden	 their	 horizons	 of	
knowledge	 through	 intellectual	 discussions	
most	importantly		despite	the	global	pandemic	
situation	and	the	reason	economic,	social	and	
political	setbacks	in	effect	it	is	truly	inspiring	
to	see	that	the	KDU	is	continuation	the	conduct	
of	 this	 conference	 with	 renewed	 spirit	 and	
commitment	
		
Therefore,	 ladies	 and	 gentlemen	 at	 this	
moment	I	would	like	to	encompass		
My	sincere	appreciation	to	the	Vice	Chancellor	
and	 the	 conference	 organizers	 for	 the	
invitation	 extended	 for	 me	 to	 be	 the	 chief	
guest	to	the	most	significant	academic	events	
of	this	University.	In	this	context	of	promoting	
an	 excellent	 academic	 culture	 generation	 of	
knowledge	and	 subsequent	 applications	of	 it	
led	to	innovations	and	novel	technologies	that	
are	crucial	for	the	advancement	of	humanity,	
well-being,	and	sustainability.	The	knowledge	
is	generated	by	scientific	research	and	at	this	
backdrop,	it	is	delightful	to	see	that	the	theme	
of	 this	 year’s	 conference	 reads	 economic	
revival,	 National	 Security,	 and	 Sustainability	
through	 the	 advancement	 of	 Science,	
Technology,	and	Innovations,	which	is	a	well-
timed	 theme	 reflecting	 directions	 that	 we	
should	pursue	as	a	country	irrespective	of	the	
boundaries	of	time	and	era.		
Further,	at	this	moment,	ladies	and	gentlemen,	
I	 will	 be	 failing	 in	 my	 duty	 if	 I	 do	 not	
acknowledge	 the	 distinction	 of	 a	 brilliant	
keynote	 address	 conducted	 by	 the	 former	
Minister	 of	 Commerce	 Law	 and	 the	 Justice	
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Republic	 of	 India,	 Honorable	 Professor	
Subramanian	 Swamy.	 Sir,	 we	 as	 Sri	 Lankans	
truly	appreciate	the	accept	acceptance	of	our	
invitation	 extended	 to	 attend	 and	 maintain	
throughout	 the	 past	 in	 continuation	 of	 the	
display	of	your	friendliness	towards	Sri	Lanka.	
The	ideas	that	would	be	shared	by	you	in	this	
eminent	 forum	 today	 will	 indeed	 bring	 a	
sparkling	 light	 to	 the	 discussions	 to	 be	
conducted	 during	 this	 conference	 that	 will	
become	 highly	 fruitful	with	 your	 intellectual	
input.		
	
All	 the	 foreign	 and	 the	 local	 participants	
including	the	senior	officers	od	tri-forces	and	
police	would	 be	 immensely	 benefited	 by	 the	
inputs	that	would	be	given	by	you	to	broaden	
the	Horizon	of	their	knowledge.		
	
Moving	 on	 the	 the	 focus	 of	 the	 conference	 I	
must	 emphasized	 that	 with	 the	 effects	 of	
globalization	 in	 effect	 the	 growing	
international	independencies	affecting	the	Sri	
Lankan	 National	 security	 as	 well	 as	 reasons	
concerns	 raised	 by	 economic	 and	 political	
implications.	 There	 is	 a	 recognized	 need	 for	
assessment	 of	 the	 potential	 to	 national	
security,	 that	 may	 emerge	 during	 the	 thrive	
towards	 revival	 of	 national	 economy	 and	
sustainability.	
	
As	 per	 my	 belief	 given	 the	 importance	 of	
certain	sectors	 to	 the	effective	 functioning	of	
the	 Sri	 Lankan	 society	 the	 said	 need	 for	 a	
deeper	 conceptual	 understanding	 of	 the	
threats	that	may	impact	the	implied	economic	
revival	 and	 sustainability	 in	 all	 aspects	
focusing	 on	 technological	 scientific	 and	
innovative	 faces	 would	 be	 comprehensively	
discussed	 with	 in	 the	 earnest	 gathering	 of	
intellectuals	during	these	two	days.	

A	 strategic	 standpoint	 keeping	 the	 past	 and	
also	most	recent	lessons	learned		
In	mind	a	newfound	leadership	of	the	present	
government,	Sri	Lanka	should	call	for	national	
determination	where	all	sectors	of	Sri	Lankan	
society	 including	civil	organizations,	 security	
institutions,	 political	 entities	 and	 business	
associations	 come	 together	 to	 discuss	
fundamental	 issues	such	as	national	 identity,	
national	 reconciliation,	 transitional	 justice,	
governance	 structure,	 economic	 revival	 and	
many	more.		
This	 is	 a	 fundamental	 step	 towards	 building	
consensus	 and	 religious	 legitimizing	 state	
institutions	 and	 private	 organizations	 in	 the	
country	 towards	 a	 common	 goal.	 Not	 only	
would	 such	 an	 effort-based	 process	 serve	 as	
the	foundation	for	a	national	pact	addressing	
the	country’s	issues,	pointing	out	how	it	would	
concurrently	compel	every	group	in	society	to	
work	 towards	 state	 building	 and	 the	
sustainability	 of	 a	 secure	 country	 due	
consideration	 to	 scientific	 and	 technological	
innovations.	
	
Furthermore,	giving	high	priority	to	providing	
solutions	 to	 the	 country’s	 most	 freezing	
matters	 of	 concern	 to	 improve	 the	 world’s	
image	 of	 Sri	 Lankans	 society	 the	 Sri	 Lankan	
government	must	take	every	step	necessary	to	
recover	high-priority	initiatives	in	the	fields	of	
the	 economy,	 institution-building,	 and	
political	reform.		
Whilst	 giving	 true	 meaning	 to	 the	 said	
initiatives	 in	 order	 to	 address	 emerging	
challenges	 promoting	 more	 research	 and	
development	 becomes	 a	 task	 of	 topmost	
priority	 bestowed	 upon	 all	 of	 us	 who	 are	
present	here	today.	
Fortunately,	 as	 a	 secretary	 Defence	 and	 the	
Chairman	of	the	KDU	Board	of	Management,	I	
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feel	tremendously	proud	and	content	to	state	
that	KDU	is	at	the	forefront	of	researching	the	
development	 and	 security	 related	 problems	
holistically.	
	
	In	 this	 context,	 one	of	 the	unique	aspects	of	
KDU	 IRC	 in	 comparison	 to	 s	 plethora	 of	
symposia	that	we	witness	in	the	country	and	
beyond	 its	 borders	 remains	 to	 be	 its	 firm	
commitment	to	defence	and	strategic	aspects	
of	the	contemporary	world	with	emphasis	on	
local	and	regional	trends.		
	
In	that	this	conference	continues	to	pioneer	in	
upholding	 the	 notion	 that	 security	 is	 a	
prerequisite	for	the	viability	of	achievements	
in	all	other	areas	in	which	mankind	relies	on	
in	 order	 to	 facilitate	 such	 outcomes	 it	
maintains	 a	 seamless	 association	 of	 defence	
and	 security	 with	 other	 core	 areas	 such	 as	
Sciences,	 Medicine,	 Engineering,	 Build	
environment	 and	 Spatial	 Sciences,	
Technology,	Management,	and	Huminites.	We	
are	 fundamental	 knowledge	 images.	 To	 be	
honest,	 I	 personally	 acknowledge	 this	
pragmatic	 philosophy	 as	 a	 remarkable	
achievement	 of	 KDU	 and	 thereby	 of	 the	
country	as	a	whole.	Resulting	 in	 interactions	
and	 dialogue	 across	 apparently	 distinct	
disciplines	 will	 certainly	 usher	 increasing	
exchanges	and	collaborations	among	experts	
in	diverse	 areas,	 therefore,	 I	 am	well	 certain	
that	 all	 faculties	 of	 Sir	 John	 Kotelawala	
Defence	 University	 with	 their	 interest	 and	
commitment	 to	 knowledge	 in	 diverse	

academic	disciplines	and	outside	researchers’	
inputs	 would	 contribute	 immensely	 to	 this	
year’s	research	conference	theme.		
	
The	knowledge	that	you	are	giving	to	another	
and	sharing	during	this	conference	would	be	
an	immense	benefit	not	only	to	the	academic	
community	 but	 to	 the	 entire	 humankind	 to	
make	their	lives	better.	
		
In	 conclusion,	 ladies	 and	 gentlemen,	 at	 the	
current	 context	 we	 are	 on	 the	 average	 of	
striving	to	accomplish	serenity	and	excellence	
in	an	economic	revival,	national	security,	and	
sustainability	through	unexploited	frontiers	of	
technological	 innovations	 as	 a	 nation.	
Therefore,	 conferences	 of	 this	 nature	 are	
instrumental	in	clearing	our	fond	of	mind	for	
the	 betterment	 of	 establishing	 solutions,	
therefore,	 let	 me	 express	 my	 sincere	
appreciation	 to	 the	 Vice	 Chancellor	 and	
organizers	 of	 the	 15th	 KDU	 IRC	 2022	 for	
inviting	to	this	occasion	as	the	chief	guest	and	
giving	me	an	opportunity	to	speak	to	you.	Let	
me	appreciate	all	the	efforts	and	congratulate	
all	 of	 you	 for	 working	 your	 way	 towards	 a	
timely	and	appropriate	theme.	Finally,	I	wish	
all	 the	 participants	 all	 the	 very	 best	 in	 their	
research	 endeavors	 and	 the	 KDU	 research	
conference	for	2022	to	be	successful	in	every	
way.	
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Keynote	Speech	
 

Hon	Prof	Subramanian	Swamy	
Former	Minister	of	Commerce,	Law	&	justice,	India	

Hon.	 Professor	 Subramanian	 Swamy,	 former	
Cabinet	 Minister	 of	 India	 made	 insightful	
remarks	in	the	keynote	address	and	initiated	
his	speech	by	extending	his	gratitude	towards	
Vice	 chancellor	Major	 General	Milinda	 Peiris	
for	the	invitation	bestowed	on	him	and	went	
on	 to	 acknowledge	 the	 presence	 of	 the	 chief	
guest,	 Secretary	 to	 Ministry	 of	 Defence,	
General	 Kamal	 Gunaratne	 stating,	 how	 the	
Indians	 themselves	 couldn’t	 put	 an	 end	 to	 a	
major	 terrorist	 problem	 in	 the	 region.	
Professor	 Swamy	 recollected	 how	 Sri	 Lanka	
has	 never	 been	 defeated	 throughout	 history,	
exempting	 a	 few	 setbacks.	 Furthermore,	
Professor	 Swamy	 remarked	 how	 the	 21st	
century	 isn’t	 going	 to	 distinguish	 between	
large	nations	and	small	nations,	as	 it’s	a	new	
era	 with	 innovations.	 Speaking	 from	 his	
experience	as	a	 trained	economist,	Professor	
Subramanian	 Swamy	 recalled	 how	 all	
economic	 development	 took	 place	 when	 the	
share	of	innovation	calculated	within	the	GDP	
rounded	 up	 to	 at	 least	 55%,	 indicating	 the	
development	of	the	USA,	Europe	and	China	as	
examples.	 He	 explicating	 further,	 mentioned	
that	 the	 growth	 rate	 of	 GDP	 would	 be	
dependent	 upon	 the	 extent	 to	 which	 one	
innovates.	 Professor	 Swamy	 also	 recognized	
the	 role	 that	 could	 be	 assumed	 by	 the	
universities	in	the	development	of	the	concept	
of	innovation.	
	
Professor	Swamy,	elaborated	on	the	inception	
of	the	definition	of	–	National	security	relating	
to	its	historical	context.	He	expressed	that	for	
most	of	the	20th	century	national	security	had	

been	 a	 matter	 of	 military	 power,	 and	
explicated	with	the	dawn	of	the	21st	century,	
non-state	actors	posed	most	of	the	challenges	
to	 national	 security	 as	 opposed	 to	
conventional	 military	 warfare.	 Moreover,	
professor	Swamy	emphasized	 that	 long-term	
unsustainable	practices	make	 the	 state	more	
vulnerable	 to	 internal	 and	 more	 resilient	 to	
external	threats.	Professor	Swamy	pointed	out	
the	 “economic	 factor	 “as	 the	 primary	 reason	
behind	 Sri	 Lanka’s	 recent	 upheaval.	
Furthermore,	 he	 scrutinized	 the	 removal	 of	
democratically	 elected	 people	 from	 office,	
which	 in	 turn	 would	 disallow	 them	 to	
complete	their	full	term,	which	he	recognized	
as	a	blow	to	the	country’s	national	security.	
	
Professor	 Swamy	detailed	 important	 aspects	
that	need	to	be	regarded	in	policy	formulation;	
clearly	 defined	 structure	 of	 objectives,	 the	
order	 of	 priorities,	 strategy	 to	 achieve	 them,	
and	resource	mobilization.	He	also	stated	that	
no	 country	 should	 be	 too	 dependent	 on	 one	
country,	and	pointed	out	how	Sri	Lanka	owes	
a	single	country,	a	staggering	52%	in	internal	
and	 external	 debt.	He	 further	 resonated	 that	
the	 world	 has	 moved	 from	 the	 notion	 of	
“development”	to	“sustainable	development”,	
“sustainable	 economic	 development	 and	
sustainable	 national	 security”	 during	 the	
course	 of	 the	 last	 thirty	 years	 of	 the	 20th	
century.	 Professor	 Swamy	 asserted	 that	 the	
most	 stable	 system	 of	 governance	 is	
democracy.	 Furthermore,	 he	 perceived	
economic	 security,	 political	 security,	 energy	
security,	 homeland	 security,	 and	 new	
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technology	 and	 innovations	 to	 be	 primary	
elements	 that	constitute	sustainable	national	
security.	 Honourable	 professor	 Subramanian	
Swamy	 concluded	 his	 speech	 by	 stating	 that	
the	sustainable	national	security	of	a	country	

is	 the	 ability	 to	 provide	 comprehensive	
protection	 and	 holistic	 defence	 of	 citizenry	
and	 climate	 change,	 other	 issues	 of	
globalization,	terrorism	and	many	more.			
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Vote	of	Thanks	
 

Dr	Kalpa	W	Samarakoon		
Conference	Chair,	15th	International	Research	Conference,		

General	Sir	John	Kotelawala	Defence	University	

	

The	Chief	Guest,	General	Kamal	Gunarathne,	
Secretary	 to	 the	 Ministry	 of	 Defence,	 The	
keynote	 speaker,	 Hon	 Prof	 Subramanian	
Swamy,	 Chief	 of	 the	 Defence	 Staff,	
Commander	of	the	SL	Army,	Commander	of	
the	 SL	 Navy,	 The	 Representative	 of	 the	
Commander	 of	 the	 SL	 Air	 force,	 The	 Vice	
Chancellor	of	KDU,	The	Rector	KDU	Southern	
Campus,	 The	 Rector	 KDU	 Metropolitan	
Campus,	 The	 Deputy	 Vice-Chancellor	
(Defence	 &	 Administration),	 The	 Deputy	
Vice-Chancellor	 (Academic),	 Deans	 of	
Faculties,	 Directors,	 Senior	 Professors,	
Senior	 Officers	 of	 tri-officers,	 and	 Police,	
Distinguished	 invitees,	 Colleagues,	 ladies,	
and	gentlemen.	Good	morning!	
	
Sri	Lankans	have	been	suffering	an	economic	
slowdown	in	the	post	covid	era,	in	particular,	
with	 a	 social	 and	 economic	 crisis,	 food	
insecurity,	 and	 inequitable	 provision	 of	
health	and	education,	due	to	its	over-reliance	
on	traditional	exports,	tourism,	and	constant	
geopolitical	battles.	In	this	context,	KDU	has	
been	 successful	 in	 organizing	 its	 15th	
consecutive	 International	 Research	
Conference.	 	We,	 strategically	 analyzed	 the	
role	 of	 academia	 of	 the	 country	 to	
collectively	come	together	and	facilitate	the	
transfer	 of	 knowledge,	 skills,	 and	 solutions	
using	science,	technology,	and	innovation.	

	The	 IRC	 theme	 selection	 for	 2022,	 aims	 to	
provide	a	multi-professional	platform	to	all	
the	scholars	based	in	Sri	Lanka	and	overseas	

to	bring	in	their	innovative	research	ideas	to	
fulfil	this	national	responsibility	thrust	upon	
us,	to	revive	the	nation’s	economy,	to	achieve	
sustainable	 economic	 growth	 coupled	with	
an	 environment	 of	 justice	 and	 enhanced	
security	 for	 all.	 This	 year’s	 conference	
attracted	more	than	six	hundred	and	ninety	
paper	 submissions	 in	 11	 sessions	 the	
highest-ever	submissions	since	the	inception	
of	 IRC.	 This	 indicates	 the	 amount	 of	 novel	
knowledge	 generated	 in	 our	 country.	 This	
year	 is	 the	 conference's	 inaugural	
technology	and	criminal	justice	sessions.	

With	 deep	 appreciation	 and	 gratitude,	 I	
would	like	to	express	my	heartiest	thanks	to	
General	 Kamal	 Gunaratne,	 the	 secretary	 to	
the	 Ministry	 of	 Defence	 who	 is	 our	 Chief	
Guest	 today	 at	 KDU-IRC	 2022.	 Sir,	 your	
gracious	 presence	 in	 this	 occasion	 despite	
other	commitments	is	truly	appreciated	and	
encouraging,	 and	 it	 has	 certainly	 added	
glamour	and	value	to	this	important	event	on	
the	KDU	calendar.	The	same	goes	with	Hon.	
Prof.	Subramanian	Swamy.	He	is	a	renowned	
academic	 and	 has	 been	 a	 distinguished	
politician	 in	 India	 and	 even	 beyond.	 Sir,	 I	
greatly	appreciate	your	willingness	to	be	our	
keynote	 speaker.	 It	 is	 truly	 an	 honour,	
privilege,	 and	 inspiration	 to	 witness	 your	
presence	among	the	KDU	community	today.		

I	 would	 like	 to	 take	 this	 opportunity	 to	
express	 my	 heartfelt	 gratitude	 and	 deep	
appreciation	 to	 the	 Vice	 Chancellor	 of	
General	 Sir	 John	 Kotelawala	 Defence	



	

	 	   
    

10	
 

University,	Maj.	General	Milinda	Peiris,	with	
your	 leadership,	 guidance,	 and	 timely	
decisions,	 prevailed	 throughout	 the	 event	
organization.	The	event	would	not	be	bound	
to	 be	 a	 success	 without	 your	 active	 input,	
particularly	 under	 the	 current	 difficult	
context.	Thank	you	indeed	Sir. 

I	 will	 be	 failing	 in	 my	 duties	 if	 I	 didn’t	
acknowledge	the	crucial	involvement	of	KDU	
Deputy	 Vice-Chancellor	 (Defence	 and	
Administration),	 Brigadier	 W.	 Chandrasiri.	
He	 in	 fact	 steered	 KDU-IRC	 2022	
organization	 effort	 providing	 correct	 and	
pragmatic	directions	successfully	even	when	
the	team	was	at	difficult	crossroads.	I	would	
also	like	to	thank	the	Deputy	Vice-Chancellor	
academic	 and	 all	 faculty	 Deans	 and	
Directors,	who	 held	 the	 responsibilities	 for	
organizing	 and	 conducting	 forthcoming	
academic	sessions.		

Ladies	and	Gentlemen,	as	I	said	before,	It	has	
been	a	seemingly	overwhelming	challenge	to	
organize,	coordinate	and	conduct	a	research	
conference	of	this	magnitude	at	this	time.		

I	 must	 appreciate	 the	 support	 of	 our	
sponsors.	Platinum	Sponsors,	together	with	
banking	 giants	 namely,	 Bank	 of	 Ceylon,	
People’s	Bank,	and	special	sponsors,	Gamma	
interpharm	and	George	Stuart	Health.	

	Let	 me	 take	 this	 opportunity	 to	 thank	
generously,	 conference	 secretary,	 Dr	
Pandula	 Athaudaarachchi,	 Senior	 lecturer	
and	 consultant	 interventional	 cardiologist,	
and	the	tremendous	work	done	by	the	three	
co-secretaries,	Dr.	 	Gihani	Jayaweera,	Lt	Col	
Lasitha	 Amarasekara	 and	 Ms.	 Sandali	
Goonathilaka,	who	stood	alongside	me	ever	
since	work	has	been	 commenced	 in	mid	of	
2022	 with	 exceptional	 commitment.	 I	 also	

thank	 all	 the	 session	 coordinators	 who	
supported	 tirelessly	 around	 the	 clock	 from	
the	moment.		I	am	certainly	indeted	to	them	
for	the	success	of	KDU-IRC	2022.		

I	deeply	appreciate	all	the	presidents	of	the	
committees,	 and	 committee	 members,	
faculty	committees,	Office	of	Vice-chancellor,	
Office	of	DVC,	officers	of	Bursar,	Officers	of	
the	 registrar,	 Adjutant,	 co-admin	who	 held	
and	 executed	 the	 roles	 and	 responsibilities	
over	 the	 IRC.	 A	 special	 thank	 goes	 to	 the	
media	 and	 communication	 team	 led	 by	 the	
Director	 of	 IT,	 Publishing,	 printing	 and	
editorial	committees.	

I	 take	 this	opportunity	 to	 thank	all	 authors	
who	shared	their	valuable	research	works	at	
KDU-IRC.	I	thank	both	internal	and	external	
reviewers	 who	 perused	 and	 evaluated	 the	
submissions.	 Please	 be	 assured	 that	 your	
expertise	shown	and	valuable	time	spent	in	
critical	reviewing	is	duly	appreciated.		

An	 event	 of	 this	 dimension	 cannot	 happen	
overnight.	The	wheels	start	rolling	months	in	
advance,	it	requires	meticulous	planning	and	
execution	 and	 an	 eye	 for	 details.	 I	 cannot	
thank	everyone	enough	for	the	involvement	
they	have	shown,	So	please	bear	with	me	if	I	
would	not	have	named	all	the	supporters.		

I	 expect	 that	 participants	 of	 the	 two-day	
conference	 that	 commenced	 just	 now	 will	
have	 an	 occasion	 that	 broadens	 their	
horizons	 of	 own	 know-how	 and	 improve	
networking	 in	 a	 refreshing	 environment	
which	 all	 of	 us	 at	 KDU	 has	 attempted	 to	
facilitate.	

I	wish	you	the	very	best	at	the	conference.		

Thank	you	very	much!	
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Development	of	Engineering	Technology	Degree	Programmes	in	
State	Universities	in	Sri	Lanka	

	
Dr.	TA	Piyasiri	

	
Former	Vice	Chancellor,	University	of	Vocational	Technology	(UNIVOTEC),	Ratmalana.	Sri	Lanka	

	
Technology	subjects	are	offered	in	the	GCE	
A/L	 since	 2003	 to	 students	 in	 the	 Arts	
Stream.	The	establishment	of	the	University	
of	 Vocational	 Technology	 in	 2008	 opened	
the	 pathway	 to	 Technology	 degrees	 in	
Engineering	 disciplines	 under	 National	
Vocational	Qualification	(NVQ)	Framework.	
It	 offered	 of	 40,000	 government	 jobs	 to	
unemployed	 graduates	 in	 2008	 -2009	
period.	

The	 Initial	 discussions	 and	 preparation	
were	made	in	2010	and	2011	to	establish	a	
separate	Technology	Stream	at	GCE	A/L	and	
launched	the	stream	in	2013	under	funding	
received	 from	 the	Governments	 to	 schools	
and	 universities.	 The	 first	 university	
admissions	 started	 in	 late	 2016	 and	 early	
2017	(The	academic	year	2015/16).		

The	 Overall	 objectives	 of	 establishing	
Technology	Stream	to	GCE	Advanced	Level	
in	 2013	 were	 to	 Human	 Resource	
Development	 in	 areas	 of	 Technology	 at	
Upper	 Secondary	 and	 Higher	 Education	
levels	 for	 technological	 and	 economic	
advancement,	“Vocationalise”	part	of	upper	
secondary	 education	 for	 students	 to	 enter	
Employment	 and/or	 Technical	 and	
Vocational	 Education	 and	 to	 reduce	 the	
proportion	 of	 students	 entering	 higher	
education	for	Arts	and	Humanities.	

Module	 offered	 for	 GCE	 Advanced	 Level	
under	 Technology	 stream	 are;	 Science	 for	
Technology,	One	subject	out	of	-	Biosystems	

Technology	 -	Engineering	Technology,	One	
optional	 subject	 out	 of	 Economics,	
Accountancy,	Mathematics,	English,	Art,	ICT,	
Business	 Science,	 Geography,	
Communication	 and	 Media	 Studies,	 Home	
Economics,	 Agriculture	 Science.	 The	 most	
popular	 options	 are	 English,	 ICT	 and	
Agriculture	 Science.	 There	 are	 five-degree	
programmes	 offered	 by	 the	 state	
universities	in	Sri	Lanka	so	far;	Bachelor	of	
Engineering	Technology	(BET),	Bachelor	of	
Bio-systems	 Technology	 (BBST),	 and	
Bachelor	 of	 Information	 Communication	
Technology	(BICT).	

The	 standing	 committee	 on	 Technology	
Education	 at	 the	 University	 Grant	
Commission	 (UGC)	 played	 the	 vital	 role	 in	
designing	 technology	 study	 programmes.	
The	 composition	 committee;	 Member	 as	
Chairman,	 Deans	 of	 Technology	 Faculties,	
Representatives	 from	 Institution	 of	
Engineers	 Sri	 Lanka	 (IESL),	 National	
Biotechnology	Industry	Association	(NBIA)	
and	Computer	Society	of	 Sri	Lanka	 (CSSL).	
The	 role	 of	 the	 Standing	 Committee	 on	
Technology	 Education	 at	 the	 UGC	 are	
identification	 of	 the	 matters	 pertaining	 to	
the	establishment	of	faculties,	departments,	
study	 programmes,	 quality	 assurance,	
accreditation	 and	 staffing,	 and	
infrastructure	facilities.		

The	UGC	policies	on	Technology	Degrees;		
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1.	4-year	Professional	degrees	at	SLQF	Level	
6.	 must	 comply	 with	 the	 Qualification	
Descriptor,	Level	Descriptor	and	the	Volume	
of	Learning	(120	credits)	

2.	Technology	degrees	are	to	be	Accredited	
by	 respective	 Professional	 Body	
Engineering	 Technology	 –	 IESL	 -	 Sydney	
Accord	 Information	 Communication	
Technology	 -	 CSSL	 -	 Seoul	 Accord	
Biosystems	 Technology	 -National	
Biotechnology	Industry	Association	(NBIA)	
with	Sri	Lanka	Accreditation	Board	(SLAB)	–	
ISO	17067.	

Engineering	 Technology	 degree	
programmes	 offered	 by	 the	 Technology	
Faculties	 of	 the	 State	 Universities;	
University	 of	 Colombo	 -	 Instrumentation	
and	 Automation,	 University	 of	 Sri	
Jayawardenapura	 -	 Energy	 and	
Environment,	 Polymer	 Processing,	
Automobile,	 Mechatronics,	 Construction	
and	 Building	 Services,	 Geo-technology,	
University	 of	 Kelaniya	 -	 Materials	 and	
Process,	 Automation	 and	 Robotics,	
Sustainable	 Technologies,	 University	 of	
Ruhuna	 -	 Electro-mechanical,	 Wayamba	
University	 of	 Sri	 Lanka	 –	 Construction,	
Electro-technology,	 Mechanical	 and	
Manufacturing,	 Materials	 and	 Nano	
Technology,	Rajarata	University	of	Sri	Lanka	
–	 Materials,	 Electrical	 and	 Electronics,	
University	 of	 Jaffna	 –	 Construction,	
Automobile,	 Electro-technology,	
Sabaragamuwa	University	of	Sri	Lanka		and	
Uva	 Wellassa	 University	 of	 Sri	 Lanka	
Mechanical	stream.		

The	 Basis	 for	 design	 of	 Engineering	
Technology	 degree	 programmes	 is	 the	
International	 Engineering	 Alliance	 (IEA)	
Graduate	 Outcomes	 Exemplar	 Statements	

and	Professional	Competencies	 relevant	 to	
Sydney	 Accord.	 Accord	 programme	 profile	
includes	 knowledge	 profile	 and	 graduate	
attribute	 profile	 whereas	 common	 range	
and	contextual	definitions	includes	range	of	
problem	 solving	 and	 range	 of	 Engineering	
activities.		

The	 general	 definition	 of	 the	 role	 of	
Technologist	 (Proposed)	 is	 Managing	 and	
maintaining	 applications	 of	 current	 and	
developing	 technologies	 in	 the	 fields	 of	
Engineering	 Technology	 and	 Biosystems	
Technology	 in	 accordance	 with	 respective	
recognized	 principles	 with	 professional	
responsibility	 and	 undertake	 functions	
involving	 design,	 development,	 planning,	
manufacture,	construction	and	operation	of	
products	or	systems	and	providing	related	
services.	 Role	 of	 Engineer	 (Extract	 from	
Engineering	 Service	 Minute)	 identified	 as	
implementation	 of	 the	 processes	 of	
investigation,	 planning,	 designing,	
construction,	 maintenance,	 operations,	
research	 and	 other	 sequential	 tasks	 in	
accordance	with	 the	 recognized	 principles	
of	 engineering	 with	 professional	
responsibility	which	are	relevant	to	the	role	
of	engineering	entrusted	to	the	Head	of	the	
Department	 and	 the	 management	 of	
guidelines	 and	 strategies	 relevant	 to	 them	
shall	be	performed	by	the	holders	of	posts	in	
Engineering	 Service.	 Engineering	 related	
occupations	 at	 the	 present	 structure	 are;	
Engineer,	 Engineering	 Diploma	 holder,	
Engineering	 Technician	 and	 in	 the	 future	
structure;	 Engineer,	 Engineering	
Technologist,	Engineering	Diploma	Holder,	
Engineering	Technician.	

The	 Employment	 focus	 of	 Technology	
Graduates	are;	private	and	public	 Industry	
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sector	 -	 small	and	medium	 industry	sector	
(Primary	 Focus),	 large	 industry	 sector,	
government	 sector	 -	 services	 where	 any	
graduate	can	apply,	self	–	employment	and	
foreign	employment.	

The	 Outcome	 Based	 Education	 (OBE)	
Framework	are	as	follows	

• Objectives	 -	 What	 is	 the	 overall	
purpose	of	your	programme?		

• Graduate	Attributes	-	What	does	the	
profession,	 industry	 and	 society	
want	from	your	graduates?		

• Programme	 Outcomes	 -	 What	 will	
your	 graduates	 be	 able	 to	 do	 to	
demonstrate	 their	 Graduate	
Attributes?		

• Module	 Los	 -	 What	 will	 students	
learn	 on	 individual	 modules	
contributing	to	Pos?	

• Curriculum	 -	 What?	 When?	 How?	
Learning	activities	and	assessments.		

• The	 Programme	 Outcomes	 of	
Engineering	 Technology	 Degree	
programmes		

• IESL	 Manual	 specifies	 programme	
outcomes	in	generic	form	

• Ability	 to	apply	knowledge	of	basic	
science	 and	 engineering	
fundamentals	

• Ability	 to	 communicate	 effectively,	
not	 only	 with	 engineers	 but	 also	
with	the	community	at	large	

• In-depth	technical	competence	in	at	
least	one	engineering	discipline		

• Ability	 to	 undertake	 problem	
identification,	 formulation	 and	

solution	

• Ability	to	utilise	a	systems	approach	
to	 design	 and	 operational	
performance	

• Ability	 to	 function	 effectively	 as	 an	
individual	and	 in	multi-disciplinary	
and	 multi-cultural	 teams,	 with	 the	
capacity	to	be	a	leader	or	manager	as	
well	as	an	effective	team	member	

• Understanding	of	the	social,	cultural,	
global	 and	 environmental	
responsibilities	 of	 the	 professional	
engineer,	 and	 the	 need	 for	
sustainable	development	

• Understanding	 of	 the	 principles	 of	
sustainable	design	and	development	

• Understanding	 of	 professional	 and	
ethical	 responsibilities	 and	
commitment	to	them	

• Expectation	 of	 the	 need	 to	
undertake	 lifelong	 learning,	 and	
capacity	to	do	so.		

The	 criteria	 for	 Accreditation	 of	 Degrees	
basically	 includes	 demonstration	 of	
attainment	of	Graduate	Attributes	through;	
the	 structure	 of	 the	 academic	 programme,	
the	 curriculum	 components	 and	 syllabi,	
laboratory,	 design,	 field	 and	 project	 work,	
and	 industrial	 training,	 the	 academic	 staff	
and	 students,	 teaching	 facilities	 such	 as	
classrooms,	 study	 areas,	 the	 library,	
computing	and	IT	facilities	and	the	general	
infrastructure,	 and	 quality	 management	
systems.	 Structure	 of	 the	 Academic	
Programme	 can	 be	 described	 as;	
Mathematics,	Basic	Sciences	and	Computing	
–	 18	 Credits,	 Engineering	 Sciences	 and	
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Engineering	 Design	 –	 72	 Credits	 and	
Complementary	Studies	-	18	Credits.	

Also,	 explicit	 mapping	 of	 module	 learning	
outcomes	to	the	programme	outcomes	must	
be	 undertaken	 to	 demonstrate	 the	
attainment	 of	 graduate	 attributes.	 The	
curriculum	and	assessment	must	be	focused	
on	an	outcomes-based	approach	(OBE)	and	
not	 an	 input	 approach.	 Furthermore,	 the	
future	 of	 Technology	 Education	 intends	 to	
manage	the	introduction	of	new	technology	
graduates	 to	 the	 industry,	 consolidation	of	
existing	 degree	 programmes	 and	
curriculum	 reviews,	 diversification	 of	
specializations	 to	 cater	 emerging	 labour	
market	 needs,	 offer	 of	 postgraduate	
programmes	and	applied	research	work.	

Now	when	you	talk	in	terms	of	sustainable	
development	you	also	have	to	talk	of	rule	of	
law.		The	next	question	of	everyone	need	to	
have	a	life	without	being	subjected	to	be	any	
kind	of	impediments.	Civil	liberty	have	to	be	
respected	 another	 person	 is	 to	 have	 the	
freedom	to	do	all	our	activities.	The	freedom	
activities	engaging	that	we	like	there	can	be	
an	 overriding	 force	 that	 comes	 upon	 us.	
Under	 the	 concept	 of	 individual	 freedom	
and	civil	liberty	and	to	ensure	rule	of	law	in	
the	country.	So,	you	can	see	while	there	is	a	
nexus	 which	 sustainability	 and	 national	
security	to	strive	on	national	security.		

In	 order	 to	 ensure	 national	 security	 and	
state	 that	would	be	 take	sometimes	by	 the	
state	or	executive	actions	can	include	upon.	
So	there	is	certain	tension	between	national	
security	 and	 fundamental	 rights	 for	 civil	
liberty.	So	how	do	we	balance	it?	what	does	
the	balancing	act?	This	is	really	engage	that	
attention	of	courts	over	the	years	but	if	you	
take	how	country	grapple	with	the	tension	

between	human	rights	and	national	security	
you	 should	 see	 the	 political	 factors	 and	
strength	of	the	nation	that	has	grappled	with	
it.	Now	if	you	look	at	USA,	the	previous	years	
you	 could	 see	 they	 have	 the	 system	 of	
ejection	 that	 called	Co-option	and	ejection,	
for	instances	if	you	take	Guantanamo	Bay	in	
Cuba	 where	 detainees	 are	 questioned	 and	
tortured.	In	this	case	one	judge	even	saying	
Geneva	Conventions	has	to	be	jeticion.	Now	
see	 how	 those	 judgements	 and	 those	
countries,	these	things	are	rendered	legal.		

For	 instances	 the	randism	 in	USA	 they	can	
suspect	somebody	for	terrorist	activity	and	
taking	 and	 call	 it	 undisclosed	 destruction.	
That	 was	 tested	 in	 Supreme	 Court	 in	 USA	
they	said	national	security	concern	that	is	a	
legal	measure	that	has	to	be	promoted.	Can	
we	 do	 it	 in	 our	 country?	 You	 would	 have	
look	 at	 recently	 and	 see	 the	point	 that	 I'm	
trying	 to	 make	 this	 well.	 The	 national	
security	 and	human	 rights	 are	 sides	of	 the	
same	 coin	 in	 a	 country	 like	 Sri	 Lanka.	 You	
also	have	to	pay	attention	to	protect	national	
security	 and	 human	 rights	 through	
Universal	Declaration	of	Human	Rights	and	
then	 the	 constitution.	 People	 cannot	 enjoy	
full	human	rights	when	there	is	insurgency	
situation	or	when	country	is	danger.		I	don't	
want	 to	 take	 examples	 but	 you	 could	 see	
how	 other	 countries	 also	 alert	 us.	
Sometimes	I'm	talking	national	security	for	
instances		the	year	of	2019	the	horrible	year	
that	even	take	place.	We	experience	a	lot	of	
alerts	 coming	 from	assisting	 countries	 and	
we	 were	 alerted	 to	 the	 dangers	 that	 was	
awaiting	 us.	 So	 now	when	 those	 countries	
have	 coordinated	 in	 a	 time	 mutual	
assistance	 to	 help	 Sri	 Lanka	 by	 giving	 us	
leads	has	to	what	is	hidden.	To	ensure	that	
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this	 freedom	 that	 we	 enjoy	 even	 our	 own	
constitution	says	that	these	kinds	of	things	
has	to	be	restricted.		
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Innovation	Mindset	

Eng.	Heminda	Jayaweera	

Co-founder,	Jendo	Innovations,	Venture	Frontier	Lanka,	Sri	Lanka	

Many	 people	 believe	 that	 innovation	 is	
referred	 to	 the	 idea	 generated.	 However,	
innovation	 can	 be	 also	 explained	 as	 the	
process	of	development	of	the	idea	which	is	
introduced.	 For	 an	 innovation	 to	 be	
successful,	 it	 must	 be	 something	 new,	
implementing	 the	 end	 goal	 and	 it	 should	
have	at	least	one	user.		

Reid	 Hoffman,	 one	 of	 the	 creators	 of	
LinkedIn	mentioned	that	innovation	comes	
from	 long-term	 thinking	 and	 iterative	
executions	 which	 means	 the	 process	 is	
repetitive	 until	 it	 achieves	 the	 success.	
Thomas	Alva	Edison	built	incandescent	800	
times	 to	 obtain	 the	 exact	 filament.	 So,	 the	
excitement	 is	 achieved	 at	 the	 end	 of	 the	
process.		

Innovations	 are	 not	 just	 incremental	 but	
also	destructive	or	disruption.	Destructive	
innovations	 are	 defined	 as	 predecessor	
product	 as	 to	 obsolete.	 A	 famous	 product	
professor	 from	 Harvard	 University	 has	
mentioned	 that	 the	 innovations	 must	 be	
disruptive	in	order	to	survive	in	the	current	
market.	 Companies	 such	 as	 Nokia,	 Kodak	
are	a	few	examples	which	depicts	the	above	
situation.	The	famous	car,	Ford	Model	T	 is	
one	of	the	oldest	disruptive	innovations.	It	
brought	 the	 second	generation	of	 the	 cars	
where	 it	 consists	 of	 chain	 and	 chain	 of	
manufacturing	 forces.	 Later,	 the	 cars	 also	
became	affordable	for	the	consumers.	Social	
innovation	defined	as	innovations	which	is	
done	for	social	good	with	same	process.	The	
only	 difference	 with	 social	 innovations	 is	
that	 the	 profit	 earned	 from	 the	 project	 is	

invested	 back	 to	 the	 course.	 For	 an	
organization	 to	 become	 successful,	
innovations	 have	 to	 be	 developed.	 Idea	
collision,	 sharing	 ideas	 among	 different	
people	with	different	set	of	skills	are	one	of	
the	 best	ways	 to	 promote	 innovation.	 For	
instance,	 an	 idea	 created	 by	 a	 software	
engineer	should	be	shared	among	an	artist,	
and	a	business	manager	for	idea	collision	to	
be	effective.	Innovation	is	not	a	just	tangible	
product	that	you	can	buy,	but	it	also	can	be	
a	thought	process.	The	status	of	innovations	
in	Sri	Lanka	in	2015	shows	that	the	country	
is	lacking	from	innovations.	With	compared	
to	other	countries,	it’ll	take	million	years	to	
reach	 the	 level	 of	 the	 innovation	 that	 the	
other	countries	possess.		

Different	 organization	 comes	 up	 with	
different	 facts.	One	of	 them	 is	 the	product	
complexity	which	talks	about	the	high-tech	
products	 and	 the	 percentage	 of	 the	 Sri	
Lanka	 exports.	 It’s	 only	 about	 2%	 for	 Sri	
Lanka	whereas	countries	such	as	Vietnam,	
Thailand	 have	 already	 started	 to	 pass	 the	
margin	of	Sri	Lanka.	The	status	of	 the	Tea	
export	 hasn’t	 even	 shown	 a	 significance	
over	 last	 50-60	 years.	 Moreover,	 the	
product	complexity	from	1970s	to	present	
has	not	shown	any	considerable	variation	in	
Sri	 Lanka	 in	 comparison	 to	 South	 Korea,	
where	 the	 product	 complexity	 lies	 in	 the	
range	 of	 42-50	 percentage.	 Besides,	 the	
products	that	goes	out	from	the	country	are	
high	complex	products	(Car	manufacturing,	
electronics,	 pharmaceuticals).	 The	
difference	 can	 be	 significantly	 seen	 when	
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comparing	 Sri	 Lanka	with	 South	 Korea	 as	
majority	of	their	products	is	50%	or	close	to	
it’s	 high-tech.	 This	 is	 one	 of	 the	 crucial	
factors	 that	 supports	 to	 become	 a	
developed	 country.	 Initially,	 Samsung	was	
just	a	department	store	which	transformed	
from	 selling	 electronics	 to	 manufacturing	
electronics	 which	 later	 became	 the	 best	
consumer	company	in	the	world	within	30-
40	 years.	 Israel	 government	 started	
supporting	 small	 startups,	 individual	
innovators,	 and	 the	 universities.	 They	
supported	 universities	 to	 promote	
innovation,	 entrepreneurship,	 created	 the	
Venture	 Capital	 in	 industry	 and	 the	
government	 and	 themselves	 promoted	
their	 products	 outside	 the	 country	 and	

became	 the	 startup	 nation	 with	 7	 billion	
population.	

Sri	 Lanka	 should	 specifically	 focus	 on	
product	 design	 engineering.	 The	 dollar	
value	 which	 comes	 out	 of	 publications	 of	
basic	 research	 is	 generally	 low.	
Organizations	 such	 as	 SLINTEC	 comes	
under	 the	 second	 tier,	 applied	 research,	
which	 might	 have	 a	 patent	 that	 helps	 to	
generate	more	money	than	basic	research.	
The	4th	tier	 is	the	most	money	generating	
level	 which	 is	 on	 consumer	 products.	 To	
conclude,	 the	product	design	engine	 is	 the	
main	factor	where	Sri	Lanka	must	focus	to	
reach	as	the	level	of	a	developed	country.	

	

	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	

	 	   
    

20	
 

Visualization	Technology	for	Construction	projects	

Prof	Bonaventura	H.W.	Hadikusumo	

Professor,	Department	of	Construction	Engineering	and	Infrastructure	Management,	School	of	

Engineering	and	Technology,	Thailand	

Construction	 project	 has	 two	 important	
phases;	 Design	 phase	 and	 Construction	
phase.	 In	 design	 phase,	 many	 design	
disciplines	 involve	 such	 as	 Architect,	
Structural	engineer	and	MEP	engineer.	 In	
construction	phase,	main	contractor	with	
subcontractors	 need	 to	work	 together	 to	
construction	 the	project	 according	 to	 the	
design	 drawings.	 When	 challenges	 are	
considering	 in	 construction	 projects,	
Design	 drawings	 issued	 by	 several	
designers	must	be	accepted	by	the	project	
client/owner	 and	 not	 have	 any	 conflicts	
among	 the	 drawings.	 In	 the	 past,	 these	
issues	were	managed	 by	making	 a	mock	
up,	making	Styrofoam	architect	model.	But	
they	still	have	many	 limitations.	Mock	up	
can	 only	 be	 used	 for	 typical	 units	 and	
Styrofoam	model	is	too	small	(in	terms	of	
size)	and	limited	views.	Using	fast	growing	
development	 of	 computer	 technology	
(particularly	 computer	 graphic)	 create	
opportunities	for	digital	visualization	and	
can	 be	 used	 as	 a	 solution	 for	 overcome	
above	limitations.	2D	drawings,	3D	model,	
Building	Information	Model	(BIM),	Virtual	
Reality	 and	 Augmented	 Reality	 are	 some	
present	technologies.		

When	 considering	 those	 technologies,	
AUTOCAD	which	was	released	in	1982,	is	
famous	 for	2D	drawing.	Nowadays,	many	
projects	 use	 AutoCAD	 for	 computerized	
design	 drawings.	 In	 1996,	 AutoCAD	
release	 3D	 drawing	 functions.	
However,the	 3D	 drawing	 is	 only	 lines	

without	 any	 embedded	 information	 in	
object.		

In	the	year	2000,	there	were	many	releases	
of	3D	modeling	software	such	as	3D	Studio	
Max.		Many	complex	construction	projects	
were	modeled	in	3D	prior	to	construction	
phase	 using	 some	 software	 like	 Bentley	
Microstation	 and	 AUTODESK.	 In	
construction	 project,	 we	 need	 to	 see	 the	
simulation	 of	 construction	 activities	 and	
equipment	movements.	This	is	very	useful	
to	analyze	adequacy	of	working	area/space	
for	equipment	movements	and	optimizing	
construction	production	scheduling.	Some	
software	has	the	capability	to	show	the	3D	
model	 simulation	 from	 3DS	 Max	 and	
WorldUp.	There	are	several	benefits	 from	
3D	simulation	such	as		

1.	 Viewing	 and	 analyzing	 digital	 3D	
model	

2.	 Planning	construction	sequence	

3.	 Planning	equipment	movements	

4.	 Site	 analysis	 for	 space	 adequacy,	
movements,	safety	

BIM	is	enhancement	of	3D	model	by	adding	
more	 information	 in	 objects	 and	 there	 is	
standard	 information	 of	 data/objects	
which	 can	 be	 processed	 by	 any	 software	
using	 this	 standard	 Industry	 Foundation	
Classes	(IFC).	There	are	many	applications	
of	 BIM.	 In	 the	 design	 phase,	 3D	 model	
visualization	and	analysis	of	design	clashes	
which	can	be	reported	by	BIM	function	can	
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be	identified.	In	construction	phase,	Design	
detailing	 (show	 drawing),	 4DCAD	 (3D	
model	+	Schedule	simulation),	Site	analysis	
are	 also	 application	 in	BIM.	 Furthermore,	
specific	 application	 can	 be	 developed	 in	
BIM	 such	 as	 BIM	 for	 safety	 risk	
visualization	 and	 BIM	 for	 cost	 control.	
Virtual	Reality	(VR)	technology	also	can	be	
used	 in	 construction	 projects	 for	 several	
purposes;	 Display	 digital	 3D	 design	 and	
walkthrough	 inside	 the	 virtual	 world.	

There	 are	 two	 different	 types	 of	 VR	
technology.	 One	 is	 using	 Headset/goggle	
and	 other	 one	 using	 a	 cave	which	 can	 be	
walked	 through.	 Augmented	 Reality	 (AR)	
can	be	used	in	construction	field	to	see	the	
“will-be”	 construction	 elements	 such	
identifying	the	building	elements	like	piles,	
beams	 and	 columns,	 hidden	 construction	
elements	 such	 as	 underground	 pipe	 and	
utility	networks,	status	of	maintenance	and	
for	operation	training.
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Presently,	 pavement	 recycling	 (PR)	 has	
been	widely	used	due	to	 it	 is	cost	effective	
and	produces	 lower	 amounts	of	 pollutants	
compared	 to	 that	 of	 the	 traditional	
pavement	maintenance.	The	PR	can	conduct	
by	excavating	up	the	existing	pavement	and	
simultaneously	mixing	it	with	cement.	Then,	
the	 blended	 materials	 can	 properly	
compactly	use	a	roller	compactor	to	create	a	
new	 base	 layer.	 To	 achieve	 a	 design	
standard,	 the	 design	 cement	 content	 (c)	 is	
generally	determined	in	laboratory	tests	by	
using	a	trial	c	values.	At	least	four	different	c	
values	 are	mixed	 with	 collected	 aggregate	
and	 then	 compacted	 and	 cured	 in	 a	mold.	
After	 reached	 the	 curing	 time,	 the	
unconfined	 compression	 (UC)	 test	 is	
performed,	 and	 plotted	 as	 a	 relationship	
between	 c	 and	 the	 ultimate	 compressive	
strength	 (qu)	 to	 find	 the	design	value	of	 c.	
However,	 the	 traditional	 procedure	 seems	
extravagant	 regarding	materials,	 labor	and	
time.	 Therefore,	 this	 presentation	 conveys	
the	 results	 of	 qu	 of	 cement	 treated	 with	
three	 different	 types	 of	 aggregates,	 which	
are	 including	 of	 1)	 lateritic	 soil	 (LS);	 2)	
crushed	 rock	 blended	 reclaimed	 asphalt	
pavement	(CR);	and	3)	a	mixture	of	crushed	

rock,	 reclaimed	 asphalt	 pavement	 and	
lateritic	soil	(CRL).	Physical	properties	tests	
were	 performed,	 and	 the	 tests	 included	
grain	 size	 distribution	 and	 the	 Atterberg	
limits	 test.	 Based	 on	 the	 Unified	 Soil	
Classification	 System	 (USCS),	 the	 LS	was	 a	
silty	 sand	 (SM),	 and	 the	 CR	 and	 CRL	were	
classified	 as	 well	 graded	 sand	 (SW)	 and	
poorly	 graded	 silty	 sand	 (SP-SM)	
respectively,	based	on	 the	USCS.	The	value	
of	qu	was	evaluated	through	a	series	of	the	
UC	 tests	 in	 the	 laboratory.	The	results	and	
analysis	indicated	that	the	value	of	qu	of	the	
cement-treated	 coarse-grained	 materials	
was	 controlled	 by	 the	 plasticity	 index	 (PI)	
and	 the	 water	 to	 cement	 ratio	 (w/c).	 The	
lower	 the	 w/c,	 the	 greater	 the	 strength,	
while	the	higher	the	soil-plasticity,	the	more	
depressed	the	strength.	Base	on	the	results	
and	 analysis,	 this	 presentation	 proposed	 a	
new	 approach	 for	 cement	 content	
determination,	where	 it	 requires	 less	 time	
and	a	smaller	number	of	tests	by	using	only	
two	 trials.	 The	 suggested	 procedure	 for	 c	
value	determination	is	useful	as	it	can	save	
on	sample	numbers	and	the	time	taken	and	
hence	the	overall	cost	
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Abstract:	 Procurement	 of	 information	 systems	
(IS)	 is	 a	 complex	process	 since	 they	 could	 range	

from	 off-the-shelf	 standard	 products	 to	 highly	

customized	 systems.	 	 The	 dynamic	 nature	 and	

rapid	 development	 in	 the	 IS	 sector	 often	 make	

their	 procurement	 to	 be	 incompatible	 with	 the	

traditional	 red	 tapes	 and	 the	 procedural	

approach	 in	 public	 procurement	 methods.	 This	

study	focuses	on	identifying	the	gaps	between	the	

two	 domains	 and	 the	 ways	 to	 overcome	 the	

challenges	 with	 the	 aim	 of	 making	 necessary	

recommendations	 to	 public	 IS	 procurement	

processes.	The	Modified	Delphi	method	is	adopted	

as	 the	 primary	 research	 technique.	 In	 the	 first	

Delphi	 round,	 interviews	were	 conducted	with	 a	

selected	 portion	 of	 an	 expert	 panel.	 Interview	

questions	 were	 formulated	 using	 problems	

identified	 by	 conducting	 a	 literature	 survey.	

Expert	 opinions	 on	 the	 solutions	 to	 the	 listed	

problems	 and	 issues	 they	 encountered	 in	 their	

careers,	were	then	formulated	into	a	close-ended	

questionnaire	 for	 the	 second	 Delphi	 round	 in	

which	the	entire	panel	of	experts	generated	a	set	

of	 recommendations	 to	 overcome	 challenges	

identified	 in	 the	 first	 Delphi	 round.	 The	

recommendations	were	categorized	under	tender	

specifications,	 bid-evaluation	 criteria,	

government	 regulations,	 project	 management,	

collaboration	among	procurers	and	bidders,	and	

competence	 of	 procurers.	 The	 recommendations	

were	 ranked	 and	 listed	 based	 on	 their	 level	 of	

importance	for	presentation.	The	findings	of	this	

research	can	be	adopted	to	improve	the	existing		

	

	

public	 procurement	 procedure	 and	 project	

implementation	in	the	IS	domain.		

Keywords:	 Public	 procurement,	 Information	
systems,	Delphi	method	

1.	 Introduction	

An	increasing	number	of	e-governance	projects	
are	 implemented	 in	 developing	 countries	 that	
promise	 greater	 efficiency	 in	 public	 sector	
activities.	 However,	 35%	 of	 these	 projects	 are	
total	failures,	50%	are	partial	failures,	and	only	
15%	are	successful	(Heeks,	2003).	These	failures	
result	 in	 high,	 direct	 and	 indirect	 costs	 to	 the	
world's	 poor	 countries	 (Twizeyimana	 and	
Andersson,	 2019).	 It	 has	 been	 identified	 that	
making	improvements	in	ICT	infrastructure	can	
help	 avoid	 failure	 in	 e-governance	
implementation	 (Napitipulu	 et	 al.,	 2018).	
However,	as	very	few	public	entities	can	develop	
their	 own	 solutions,	 public	 procurement	 is	 the	
primary	method	of	acquiring	ICT	infrastructure	
for	 the	 public	 sector	 (Moe,	 2014).	 	Meanwhile,	
acquisition	of	information	systems	has	proved	to	
be	challenging	due	 to	 its	complex	nature	(Moe,	
Newman,	 and	 Sein,	 2017).	 Therefore,	 using	 a	
complex	 process	 like	 public	 procurement	 to	
purchase	 such	 systems	 has	 made	 public	
procurement	 of	 information	 systems	 an	 area	
that	requires	further	research	(Moe,	2014).		
Studies	 conducted	 in	 several	 countries	 have	
helped	identify	the	challenges	stakeholders	face	
in	 the	 public	 procurement	 of	 IS.	 For	 example,	
procuring	 entities	 face	 the	 challenge	 of	
developing	 clear,	 uncomplicated,	 and	 precise	
requirements	 (Ziemba	 and	 Oblak,	 2013).	
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However,	receiving	detailed	specifications	limits	
the	 supplier's	 opportunity	 to	 show	 quality,	 as	
suppliers	 are	 compelled	 to	 operate	 in	 an	
unyielding	environment	(Riihimaki	and	Pekkola,	
2021).	 Additionally,	 public	 institutes	 find	 it	
difficult	 to	 procure	 a	 complex	 information	
system	under	the	strict	regulations	that	govern	
them	(Moe,	Newman	and	Sein,	2017)	and	such	
regulations	 make	 the	 procurement	 process	
complex	 and	 costly	 (Boonstra	 and	 Offenbeek,	
2017).	 Poor	 change	 management,	 poor	 risk	
management,	 lack	of	 top	management	 support,	
lack	of	a	project	management	methodology,	and	
low	competence	of	procurers	are	also	identified	
as	challenges	related	to	public	procurement	of	IS.	
(Allane	 et	 al.,	 2015;	 Obwegeser	 and	 Muller,	
2018).	
Nevertheless,	 there	 is	 a	 lack	 of	 research	 in	
identifying	solutions	to	overcome	the	challenges	
stakeholders	 face	 in	 the	public	procurement	of	
IS.	 Moreover,	 existing	 research	 in	 this	 area	 is	
from	 studies	 conducted	 in	 other	 countries.	
Therefore,	 it	 is	 imperative	 to	 identify	 whether	
the	 public	 procurement	 of	 IS	 in	 Sri	 Lanka	 also	
faces	 similar	 challenges	 as	 in	 other	 countries,	
and	 recommendations	 should	 be	 made	 to	
overcome	 such	 challenges.	 Therefore,	 the	
following	research	problem	will	be	addressed	in	
this	research.			
What	are	the	recommendations	to	overcome	the	
challenges	 in	 the	 existing	 public	 procurement	
procedure	of	information	systems?	

A. Research	Objectives	

The	following	will	be	the	objectives	achieved	in	
this	 research	 to	 address	 the	 above	 research	
problem.	
i. To	 find	similarities	between	the	challenges	

faced	 globally	 and	 locally	 in	 the	 public	
procurement	of	information	systems.	

ii. To	 identify	 the	 recommendations	 to	
overcome	 the	 challenges	 in	 the	 existing	
public	procurement	of	information	systems.			

iii. To	 weigh	 and	 prioritize	 the	 identified	
recommendations	to	improve	their	practical	
value.	
	

2.	Methadology	and	Experimental	Design	
The	 nature	 of	 the	 research	 topic	 called	 for	 a	
research	method	 that	 can	 evaluate	 opinions	 of	
experts	 on	 the	 public	 procurement	 of	 IS.	 The	
Delphi	 method	 has	 the	 key	 characteristics	 of	
anonymity,	 the	 use	 of	 an	 expert	 panel,	 and	
controlled	feedback.	It	 is	built	on	the	basis	that	
there	is	more	validity	to	a	group	opinion	than	to	
an	 individual	 opinion.	 Furthermore,	 the	Delphi	
technique	intends	to	achieve	consensus	among	a	
set	of	experts	on	an	 issue	where	no	agreement	
has	 previously	 existed	 (Keeney,	 Hasson	 and	
Mckenna,	 2010).	 In	 addition,	 it	 is	 a	 common	
modification	 of	 Delphi	 to	 use	 a	 structured	
questionnaire	 as	 the	 first	 round	 after	 an	
extensive	 study	of	 literature	 (Hsu	and	Sanford,	
2007).	 Considering	 the	 limited	 resources	 at	
hand,	 this	Modified-Delphi	 technique	was	used	
as	the	primary	research	method	in	this	study.		
	
A. First	Delphi	Round/	Pre-survey	
First,	a	comprehensive	 literature	survey	on	the	
existing	 studies	 identified	 the	 problems	
procuring	 entities	 and	 bidders	 face	 in	 the	
procurement	of	IS	for	the	public	sector.	As	all	the	
literature	 sources	were	 from	 foreign	 studies,	 a	
pre-survey	 for	 the	 research	was	 formulated	 to	
identify	whether	the	same	problems	and	factors	
also	affect	public	procurement	of	IS	in	Sri	Lanka.	
This	pre-survey	was	also	used	as	the	first	Delphi	
round.	It	was	conducted	through	interviews	with	
standardized	open-ended	questions	using	only	a	
selected	 portion	 of	 the	 expert	 Delphi	 panel.	
Questions	were	designed	in	such	a	manner	that,	
i. Experts	had	to	talk	about	their	 level	of	

experience.	
ii. Experts	had	to	brainstorm	and	identify	

limitations	 in	 the	 existing	 public	
procurement	 procedures	 and	 mention	
preferred	changes.	
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iii. Experts	 were	 guided	 to	 identify	
problems	faced	under	different	aspects	
of	 public	 procurement	 of	 ICT	
infrastructure	as	identified	through	the	
literature	 survey,	 namely,	 tender	
specifications	 (TS),	 bid-evaluation	
criteria	 (BEC),	 government	 regulations	
(GR),	 collaboration	 among	 procurers	
and	 bidders	 (CAPB),	 project	
management	 (PM)	 and	 competence	 of	
procurers	(COP).	Thereafter,	they	had	to	
come	 up	 with	 recommendations	 to	
overcome	 the	 problems	 faced	 under	
each	category.		

iv. If	the	experts	had	encountered	partial	or	
total	 failure	 in	 projects	 they	had	done,	
they	had	to	identify	the	reasons	behind.	

Pre	 survey	 and	 the	 first	 Delphi	 round	 were	
combined	due	 to	 two	 reasons.	The	 first	 reason	
being	 highlighting	 the	 problems	 and	
simultaneously	asking	for	solutions	proved	to	be	
effective.	 It	 was	 understood	 that	 it	 was	 an	
excellent	 platform	 to	 motivate	 the	 experts	 to	
brainstorm	 and	 produce	 solutions	 to	 the	
problems	 listed	 in	 the	 interview	 questions.	
Experts	 tended	 to	 express	 their	 ideas	 about	
possible	 solutions	 to	 the	 listed	 problems	 even	
before	they	were	expected	to	do	so.	The	second	
reason	is	to	avoid	panellists	becoming	frustrated	
and	distracted	due	to	being	asked	to	comment	on	
a	 similar	 topic	 multiple	 times.	 Doing	 so	 might	
make	 them	 lose	 interest	 in	 participating	 and	
view	 research-related	 activities	 as	 a	 waste	 of	
time.	 After	 a	 qualitative	 analysis,	 the	
recommendations	 generated	 in	 round	 01	were	
used	 to	 formulate	 the	questionnaire	 for	Delphi	
round	02.	
	
B. Second	Delphi	Round	
The	questionnaire	was	designed	under	the	main	
categories	 identified	 through	 the	 literature	
survey.	There	were	another	five	questions	under	
the	"General"	category	to	understand	the	general	
perspective	 of	 the	 experts.	 Recommendations	
given	 by	 the	 experts	 in	 Delphi	 round	 01	 to	

overcome	 challenges	 were	 listed	 under	 each	
main	category.	There	were	36	recommendations	
in	 total	 in	 the	 final	 questionnaire	 and	 it	 was	
electronically	distributed	among	the	entire	panel	
of	experts.	Responses	to	these	recommendations	
were	 gathered	 using	 a	 five-point	 Likert	 scale	
from	 strongly	 disagree	 to	 strongly	 agree.	 The	
level	of	consensus	was	pre-defined	at	70%	and	
was	identified	as	a	solid	cut-off	point	(McKenna,	
Hasson	and	Smith,	2002).		 	Delphi	rounds	were	
concluded	 after	 two	 rounds	 due	 to	 time	
constraints	 and	 practical	 research	 limitations.	
Subsequently,	 data	 analysis	 was	 done	 to	 draw	
conclusions.	
	
C. Target	Population	
The	 expert	 Delphi	 panel	 was	 selected	 from	
procurers,	bidders,	and	auditors	involved	in	the	
public	 procurement	 of	 IS.	 Individuals	 from	 all	
three	 groups	 must	 be	 experts	 in	 their	 subject	
areas.	Therefore,	 individuals	who	have	done	 IS	
procurement	projects	in	the	public	sector,	for	at	
least	five	years	and	having	work	experience	with	
a	minimum	of	five	IS	procurement	projects,	were	
considered	 the	 target	 population.	 However,	
auditors	 were	 removed	 from	 the	 research	
sample	of	the	second	Delphi	round	due	to	lack	of	
expertise	in	the	research	area.		
	
D. Sampling	Size	
The	 Delphi	 technique	 uses	 a	 panel	 of	 experts,	
which	is	not	a	random	sample	representing	the	
target	population	(Keeney,	Hasson	and	Mckenna,	
2010).	 In	 the	 first	 Delphi	 round,	 face-to-face	
interviews	were	conducted	with	five	procurers,	
five	 bidders,	 and	 four	 auditors.	 Fourteen	
interviews	 were	 conducted	 altogether.	 	 In	 the	
second	 Delphi	 round,	 the	 questionnaire	 was	
electronically	 distributed	 among	 a	 panel	 of	 48	
experts	with	24	procurers	and	24	bidders.	
	
3.		Results		

A. Results	of	the	First	Delphi	Round/	Pre-survey	
Except	 for	 two	 challenges,	 experts	 agreed	 that	
they	had	faced	similar	ones	to	those	identified	in	
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the	 literature	 survey.	 Further,	 thirty-six	
recommendations	 in	 total	 were	 generated	
through	 qualitative	 analysis	 of	 the	 interview	
data.	 These	 recommendations	 were	 used	 to	
prepare	the	questionnaire	for	the	second	Delphi	
round.	
	
B. Results	of	the	Second	Delphi	Round	
Researchers	 received	 43	 responses	 after	 two	
email	 reminder	 rounds	 and	 several	 reminders	
through	 telephone	 to	 some	 participants.	 There	
were	21	responses	from	public	sector	employees	
and	22	responses	from	private	sector	employees.	
Data	 cleansing	 was	 performed	 to	 verify	 the	
accuracy	of	the	data.	The	data	cleansing	process	
was	done	manually,	and	three	responses	had	to	
be	 removed	 after	 detecting	 random	 answers	
given	to	the	two	redundant	questions.	After	the	
data	cleansing	process,	the	data	set	was	reduced	
to	40	responses,	where	19	responses	were	from	
experts	 from	 procuring	 entities,	 and	 21	 were	
from	 experts	 from	 private	 sector	 bidding	
companies.		
	
1)	 Level	 of	 Consensus:	 	 After	 inserting	 the	 data	
into	SPSS,	frequencies	were	run	on	the	data	set	
to	 determine	 the	 percentage	 of	 responses	
received	 under	 the	 Likert	 scale	 for	 each	
recommendation.	This	was	done	to	identify	the	
recommendations	 that	 have	 reached	 the	 70%	
level	of	consensus	after	the	second	Delphi	round.	
26	 out	 of	 the	 36	 recommendations	 achieved	 a	
70%	 consensus	 in	 round	 2.	 Five	 more	
recommendations	achieved	a	consensus	of	more	
than	65%.	Only	five	statements	out	of	36	failed	
to	 reach	 at	 least	 a	 65%	 consensus.	The	
recommendations	 that	achieved	at	 least	a	70%	
level	 of	 consensus	 are	 listed	 in	 Table	 1.	 The	
recommendations	that	failed	to	achieve	at	least	a	
70%	level	of	consensus	at	the	end	of	the	second	
Delphi	round	are	listed	in	Table	2.			
	

2)	 Importance	 Ranking:	 	 The	 identified	
recommendations	 which	 achieved	 consensus	
had	to	be	ranked	according	to	their	importance	

to	 achieve	 one	 of	 the	 research	 objectives.	 	 The	
mean	 of	 each	 recommendation	 was	 calculated	
using	SPSS	to	rank	them	from	most	important	to	
least	 important.	 In	 the	 instances	 where	 two	
recommendations	had	the	same	mean,	they	were	
ranked	 according	 to	 the	 order	 of	 standard	
deviation	as	presented	in	Table	1.		
		
3)	 Inter	 Group	 Comparison:	 	 Experts	 from	 the	
public	sector	procuring	entities	and	experts	from	
the	 private	 sector	 bidding	 companies	
participated	 in	 this	 survey.	 Therefore,	 it	 was	
beneficial	 to	 identify	 significant	 differences	
between	the	two	groups	when	responding	to	and	
ranking	 each	 recommendation.	 Therefore,	
responses	of	each	group	were	compared	under	
the	 main	 categories	 General,	 TS,	 BEC,	 GR,	 PM,	
CAPB,	 and	COP.	The	Mann-Whitney	U	 test	was	
used	to	identify	significant	differences	between	
the	 way	 procurers	 and	 bidders	 responded	 to	
each	 recommendation.	 The	 significance	 level	
used	in	the	Mann-Whitney	U	test	was	0.05.	If	the	
test	result	was	less	than	0.05,	it	was	decided	that	
there	was	 a	 significant	 difference	 between	 the	
two	groups.	
According	 to	 the	results	obtained	 in	 the	Mann-
Whitney	 U	 tests,	 there	 was	 no	 significant	
difference	of	opinion	between	the	two	groups	in	
the	 General,	 TS,	 BEC,	 PM	 and	 COP	 categories.	
However,	 there	 was	 a	 significant	 difference	
between	the	way	the	two	groups	responded	to	a	
recommendation	 under	 Government	
Regulations;	 “Implementing	 an	 e-procurement	
system	 will	 facilitate	 both	 parties	 to	 use	
technology	such	as	using	email	instead	of	sealed	
envelopes	and	e-payments	instead	of	traditional	
payment	 methods”.	 Mann-Whitney	 U	 test	
outcome	of	SPSS	is	as	shown	below.		The	mean	
rank	of	bidders	is	26.4,	while	the	mean	rank	of	
procurers	is	13.97.	Therefore,	bidders	rated	this	
recommendation	 more	 favourably	 than	
procurers.	(p=	0.000).	
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	 Table	1:	Recommendations	that	reached	a	70%	level	of	consensus	ranked	according	to	the	

importance	

Rank		 Recommendation	 Category	 Mean	 Standard	
Deviation	

Level	of	
consensus	

1	 Procuring	 entity	 should	 complete	 a	
comprehensive	feasibility	study	of	the	project,	
and	necessary	corrective	measures	should	be	
implemented	before	the	commencement	of	the	
tender	process.	

PM	 4.65	 0.533	 97.5%	

2	 Large	 projects	 such	 as	 procurement	 and	
implementation	of	IS,	should	be	well	planned	
and	 carried	 out	 using	 a	 proven	 project	
management	methodology	 from	beginning	 to	
end.	

PM	 4.65	 0.580	 95%	

3	 Procurement	 of	 IS	 should	 be	 considered	 as	
projects	with	national	interest,	and	necessary	 General	 4.58	 0.636	 92.5%	

Figure	1.	Mann-Whitney	U	Test	outcome	of	SPSS	
Source:	IBM	SPSS	Statistics	

	

Figure	2.	Mann-Whitney	U	Test	outcome	of	SPSS	
Source:	IBM	SPSS	Statistics	
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Rank		 Recommendation	 Category	 Mean	 Standard	
Deviation	

Level	of	
consensus	

legal	 regulations	 should	 be	 laid	 down	 to	
continue	 such	projects	 regardless	 of	 changes	
in	the	governing	political	party.	

4	 Due	 to	 the	 bureaucratic	 nature	 of	 the	 public	
sector,	 top	 management	 support	 and	
leadership	 is	 crucial	 for	 the	 successful	
implementation	of	IS	projects.	

PM	 4.55	 0.783	 87.5%	

5	 The	 sustainability	 of	 the	 bidder	 should	 be	
addressed	in	the	bid	evaluation	criteria.	 BEC	 4.50	 0.816	 90%	

6	 The	 two-stage	 bidding	 method	 is	 more	
suitable	for	procurement	of	complex	IS,	as	the	
price	bid	is	considered	only	upon	completion	
of	the	technical	evaluation.	

BEC	 4.43	 0.747	 90%	

7	 Potential	 users	 of	 a	 new	 system	 should	 be	
systematically	guided	 to	 identify	and	present	
their	 requirements	 clearly	 and	
comprehensively.	

COP	 4.38	 0.667	 90%	

8		 In	 a	 straightforward	 IS	 procurement,	
publishing	 clear-cut	 functional	 and	 technical	
specifications	 at	 the	 beginning	 of	 the	 tender	
will	 ensure	 transparency	 and	 fair	 evaluation	
for	all.	

TS	 4.38	 0.774	 87.5%	

9	 There	 should	 be	 at	 least	 two	 people	 with	
technical	knowledge	in	a	tender	committee	for	
the	procurement	of	IS.	

COP	 4.38	 0.952	 77.5%	

10	 Strict	regulations	are	mandatory	in	the	public	
sector	procurements	to	ensure	transparency.	 GR	 4.35	 0.802	 85%	

11	 The	Right	to	Information	Act	allows	bidders	to	
overcome	 ambiguities	 they	 have	 about	 the	
decisions	taken	during	procurement.	

CAPB	 4.33	 0.888	 82.5%	

12	 Implementing	 an	 e-procurement	 system	will	
facilitate	both	parties	 to	use	 technology	such	
as	using	email	instead	of	sealed	envelopes	and	
e-payments	 instead	 of	 traditional	 payment	
methods.	

GR	 4.30	 0.723	 85%	

13	 If	 the	provision	 is	 given	 to	bidders	 to	have	a	
telephone	 conversation/email	 with	 a	
nominated	person	from	the	procuring	entity	to	

CAPB	 4.30	 0.992	 80%	
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Rank		 Recommendation	 Category	 Mean	 Standard	
Deviation	

Level	of	
consensus	

clarify	unclear	areas	of	a	published	tender,	the	
appointed	 member	 of	 the	 procuring	 entity	
should	 maintain	 written	 records	 of	 any	
calls/emails	received	and	points	discussed	

14	 In	 a	 complex	 IS	 procurement,	 doing	 a	
consultancy	procurement	upfront	will	aid	the	
successful	 implementation	 of	 the	 rest	 of	 the	
project.	

TS	 4.23	 0.8	 87.5%	

15	 If	 bid	 evaluation	 of	 complex	 IS	 is	 done	 as	 a	
combination	of	quality	and	price	(single-stage	
bidding),	 assign	 more	 weight	 to	 technical	
quality	and	less	weight	to	price.	

BEC	 4.18	 1.010	 80%	

16	 If	 a	 tender	 committee	 member	 is	 given	 the	
provision	 to	 have	 a	 telephone	
conversation/email	 with	 a	 previously	
nominated	 person	 from	 the	 bidder	 to	 clarify	
unclear	 areas	 of	 a	 submitted	 bid,	 the	 said	
tender	 committee	 member	 should	 maintain	
written	 records	 of	 any	 telephone	
conversations/emails	 quoting	 discussed	
points	and	feedback	received.	

CAPB	 4.18	 1.130	 75%	

17	 An	 IS	 procurement	 specialist	 knowledgeable	
in	 both	 IS	 and	 public	 procurement	 domains	
should	be	deployed	to	work	with	the	internal	
procurement	teams	of	public	institutes.	

COP	 4.15	 0.622	 87.5%	

18	 Using	well-known	international	standards	and	
certifications	 of	 the	 industry	 to	 evaluate	 the	
service	level	of	a	bidder	is	useful.	

BEC	 4.13	 0.723	 85%	

19	 The	 procurement	 of	 complex	 IS	 should	 be	
addressed	 explicitly	 in	 the	 procurement	
guidelines	 to	 support	 the	 digital	
transformation	of	Sri	Lanka.	

General	 4.13	 0.911	 75%	

20	 International	 standards	 requested	 in	 bid-
evaluation	criteria	should	be	pre-approved	to	
be	used	in	the	public	sector	IS	procurements	to	
prevent	 being	 biased	 towards	 a	 particular	
bidder.	

BEC	 4.10	 0.778	 85%	

21	 Apart	 from	 strong	 leadership,	 assigning	 an	
employee	from	the	public	sector	entity,	as	the	
project	 champion	 to	 drive	 IS	 procurement	

PM	 4.08	 1.071	 75%	
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Rank		 Recommendation	 Category	 Mean	 Standard	
Deviation	

Level	of	
consensus	

projects	 will	 ensure	 the	 successful	
implementation	of	them.	

22	 Letting	 bidders	 architect	 solutions	 to	 match	
the	procuring	entity’s	functional	requirements	
will	aid	the	procuring	entity	to	identify	the	best	
solution	for	their	requirements.	

TS	 4.05	 0.876	 70%	

23	 Public	institutes	with	dedicated	IT	teams	stand	
a	better	chance	in	successfully	procuring	and	
implementing	complex	IS	projects.	

COP	 3.98	 1.025	 70%	

24	 If	 the	procuring	entity	 is	expected	 to	publish	
detailed	 functional	 and	 technical	
specifications	 at	 the	 commencement	 of	 the	
tender,	 they	 should	 be	 allowed	 to	
communicate	 with	 potential	 bidders	 upfront	
to	get	an	idea	about	existing	technologies.	

TS	 3.88	 1.159	 72.5%	

25	 The	 IS	 procurement	 specialists	 should	 be	
made	liable	for	the	successful	implementation	
of	the	projects	they	are	involved	in.	

COP	 3.83	 0.903	 72.5%	

26	 In	 a	 complex	 IS	 procurement,	 the	 technical	
knowledge	gap	between	bidder	and	procuring	
entity	will	be	less,	 if	 the	latter	only	publishes	
functional	 requirements	 and	 lets	 bidders	
architect	 solutions	 to	 match	 those	
requirements.	

TS	 3.80	 0.966	 70%	

	
Table	2:	Recommendations	that	did	not	reach	a	70%	consensus	after	the	second	Delphi	round	

	 Recommendation	

Level	
of	

consen
sus	

1	 Implementing	an	e-procurement	system	will	facilitate	international	bidders	to	
participate	in	a	tender.	 67.5%	

2	
In	a	complex	IS	procurement,	publishing	clear-cut	functional	and	technical	
specifications	at	the	commencement	of	the	tender	will	limit	bidders’	opportunity	to	
present	the	best	solution	available	in	the	market.	

67.5%	

3	 Procuring	entities	should	justify	the	requirement	of	asking	for	each	international	
standard.	 67.5%	

4	
It	will	be	useful	if	a	bidder	can	have	a	telephone	conversation/email	with	a	
previously	nominated	person	from	the	procuring	entity	to	clarify	unclear	areas	of	a	
published	tender.	

67.5%	
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	 Recommendation	

Level	
of	

consen
sus	

5	 Implementing	an	e-procurement	system	will	ensure	that	government	regulations	
are	adhered	to	throughout	the	procurement	process.	 65%	

6	
It	will	be	useful	and	timesaving	if	a	tender	committee	member	can	have	a	telephone	
conversation/email	with	a	previously	nominated	person	from	the	bidder	to	clarify	
unclear	areas	of	a	submitted	bid.	

60%	

7	 It	will	be	useful	if	a	single	entity	in	the	government	with	IS	procurement	specialists	
can	overlook	all	government	IS	procurement	projects	with	national	interest.	 55%	

8	
The	guidance	provided	by	the	existing	public	procurement	guidelines	is	not	
sufficient	for	the	procurement	of	information	systems	due	to	the	intangible	and	
volatile	nature	of	IS	

45%	

9	 Public	procurement	guidelines	should	be	used	as	a	guide	only,	and	the	procuring	
entity	should	not	be	restricted	by	the	law	if	they	can	justify	their	decisions.	 40%	

1
0	

The	quality	of	the	bidder	is	not	a	significant	factor	if	the	procured	item	is	a	
“product”,	as	manufacturers	thoroughly	test	the	products	before	releasing	them	to	
the	market.	

20%	

	
	 	
	
Furthermore,	 there	was	a	significant	difference	
between	 how	 the	 two	 groups	 responded	 to	 a	
recommendation	 under	 Collaboration	 among	
procurers	 and	 bidders;	 “The	 Right	 to	
Information	 Act	 allows	 bidders	 to	 overcome	
ambiguities	they	have	about	the	decisions	taken	
during	the	procurement”.	Mann-Whitney	U	test	
outcome	of	SPSS	 is	as	 shown	below.	The	mean	
rank	of	bidders	is	24.26,	while	the	mean	rank	of	
procurers	is	16.34.	Therefore,	bidders	rated	this	
recommendation	 more	 favourably	 than	
procurers.	(p=	0.031).	
	
4.	Discussion	
The	 main	 finding	 of	 this	 study	 is	 the	 26	
recommendations	that	were	generated	using	the	
Delphi	 method.	 It	 is	 suggested	 to	 incorporate	
these	recommendations	into	the	existing	public	
procurement	 procedure	 of	 IS.	 It	 was	 observed	
that	the	panel	of	experts	gave	more	prominence	
to	 the	 recommendations	 related	 to	 project	
management,	 than	 to	 other	 recommendations	
under	 the	 main	 categories	 such	 as	 tender	

specifications	 and	 bid-evaluation	 criteria.	 The	
importance	of	proper	project	management	was	
highlighted	 by	 the	 participants	 of	 the	 face-to-
face	 interviews	while	mentioning	 that	many	 IS	
procurement	 activities	 in	 the	 public	 sector	 fail	
due	to	poor	project	management.	However,	ten	
out	 of	 the	 thirty-six	 recommendations	 did	 not	
achieve	 consensus	 at	 the	 end	 of	 the	 second	
Delphi	round.			
The	recommendation,	“The	quality	of	the	bidder	
is	not	a	significant	factor	if	the	procured	item	is	a	
“product”,	as	manufacturers	thoroughly	test	the	
products	before	releasing	 them	to	 the	market.”	
reached	 the	 least	 level	 of	 consensus	 at	 20%.	
Hence,	 quality	 of	 the	 bidder	 is	 considered	 an	
essential	 factor	 by	 both	 procurers	 and	 bidders	
regardless	 of	 the	 quality	 of	 the	 product.	 This	
could	be	due	 to	 the	 importance	of	 the	bidder's	
service	 level	 during	 the	 after-sales	 period.	
Further,	the	recommendation,	“Procuring	entity	
should	not	be	 restricted	by	 the	 law	 if	 they	 can	
justify	their	decisions”	reached	only	a	40%	level	
of	 consensus.	 Therefore,	 most	 procurers	 and	
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bidders	 preferred	 clear	 guidance	 provided	 by	
the	 procurement	 guidelines	 to	 conduct	 the	
procurement	 process.	 Procurers	 may	 prefer	
clear	 guidelines	 so	 that	 they	 have	 clear	
directions	to	make	decisions.	It	also	gives	them	
the	ability	to	support	their	decisions	hassle-free	
if	such	decisions	are	queried	later.	Bidders	may	
prefer	 clear	 guidelines	 to	 prevent	 procurers	
from	manipulating	 the	 procedure	 and	 granting	
undue	advantage	to	a	particular	bidder.		
There	 were	 recommendations	 stating	 that	
administering	 a	 communication	 method	
between	 tender	 committee	 members	 and	
bidders	 would	 be	 useful.	 Considering	 the	
responses,	 it	 was	 eminent	 that	 both	 procurers	
and	bidders	had	ambiguity	when	communicating	
with	each	other	regarding	a	published	tender	or	
a	 submitted	 bid.	 This	 might	 be	 due	 to	 the	
possibility	 of	 using	 such	 a	 provision	 to	 gain	
undue	advantage	by	either	party.	Based	on	 the	
agreement	 levels	 of	 60%	 and	 67.5%,	 we	 can	
consider	that	such	provisions	will	be	helpful	for	
both	 parties	 during	 the	 procurement	 process	
and	that	the	ambiguity	of	whether	it	will	be	used	
against	 them	 was	 preventing	 them	 from	
agreeing	to	those	statements	unanimously.	This	
idea	 was	 further	 established	 because	 the	
consensus	 was	 achieved	 on	 the	 statements	
which	mentioned	that	records	should	be	kept	by	
an	appointed	person	for	such	communication.	
The	statement,	“Single	entity	in	the	government	
with	IS	procurement	specialists	can	overlook	all	
government	 IS	 procurement	 projects	 with	
national	interest”	has	reached	only	an	agreement	
level	 of	 55%,	 and	 there	 is	 no	 significant	
difference	in	the	way	procurers	and	bidders	have	
responded	to	this	statement.	Therefore,	it	can	be	
said	that	both	procurers	and	bidders	believe	that	
the	 appropriate	 method	 to	 handle	 public	
procurement	 of	 IS	 is	 through	 the	 government	
entity	 that	 has	 the	 requirement.	 This	 may	 be	
because	 both	 procurers	 and	 bidders	 have	
experienced	that	the	correct	requirement	can	be	
gathered	only	through	the	actual	entity	that	has	

the	requirement,	rather	than	through	an	outside	
party.	
Further,	 inter-group	 comparison	 between	
procurers	and	bidders	implied	that	both	groups	
did	not	have	major	disagreements	about	the	way	
they	responded	to	the	recommendations	except	
for	 two.	 Therefore,	 it	 could	 be	 concluded	 that	
both	 these	 groups	 saw	 the	 same	 issues	 as	
challenges	 in	 the	public	procurement	of	 IS	and	
may	agree	on	the	same	recommendations	if	the	
procurement	 procedure	 is	 changed	 to	 make	 it	
more	favourable	for	IS	procurement.	
The	first	recommendation	with	a	disagreement	
is	 under	 the	 main	 category	 “Government	
Regulations”,	 “Implementing	 an	 e-procurement	
system	 will	 facilitate	 both	 parties	 to	 use	
technology	 such	 as	 email	 instead	 of	 sealed	
envelopes	and	e-payments	instead	of	traditional	
payment	methods.”	It	is	noteworthy	that	bidders	
rated	 this	 recommendation	 more	 favourably	
than	procurers.	 This	 depicts	 that	 bidders	were	
ready	 to	 adopt	 an	 e-procurement	 system	 and	
considered	 it	 a	 better	 way	 to	 handle	
procurement	 procedures	 than	 the	 traditional	
method.	 Meanwhile,	 procurers	 may	 need	
encouragement	 and	 awareness-building	 to	
adapt	to	an	e-procurement	system.		
The	 second	 recommendation	 which	 procurers	
and	 bidders	 rated	 in	 a	 significantly	 different	
manner	is	“The	Right	to	Information	Act	allows	
bidders	 to	 overcome	 ambiguities	 they	 have	
about	the	decisions	taken	during	procurement.”	
under	 the	main	 category	 “Collaboration	among	
procurers	 and	 bidders”.	 It	was	 prominent	 that	
bidders	 rated	 this	 recommendation	 favourably	
than	procurers.	Therefore,	it	could	be	concluded	
that	 while	 bidders	 see	 it	 as	 an	 opportunity	 to	
clear	 ambiguities,	 procurers	 may	 see	 it	 as	
another	cumbersome	procedure	to	follow.	
The	 group	 “auditors”	 had	 to	 be	 excluded	 from	
the	 second	 Delphi	 round	 as	 the	 researcher	
identified	 that	 they	 lacked	 specialized	
knowledge	 in	 auditing	 the	 procurement	 of	 IS	
during	 the	 face-to-face	 interviews.	 They	 were	
unable	 to	 answer	 the	 questions	 which	 were	
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focused	on	the	procurement	of	IS.	Therefore,	it	is	
recommended	 to	 provide	 auditors	 with	
specialized	training	to	audit	the	public	sector	IS	
procurements.	 Doing	 so	 may	 prevent	 any	
irregularities	 during	 the	 procurement	 process	
and	will	effectively	utilize	public	funds.	
	
5.	Conclusion	
The	recommendations	presented	in	Table	1	has	
a	high	level	of	efficacy	as	they	were	generated	by	
a	 panel	 of	 experts	 in	 the	 subject	 area.	 Hence,	
incorporating	 these	 recommendations	 into	 the	
existing	 public	 procurement	 procedure	 will	
make	it	more	suitable	for	the	procurement	of	IS.	
Furthermore,	 it	 was	 concluded	 that	 auditors	
require	 specialized	 training	 to	 audit	 public	
procurement	 of	 IS	 which	 will	 enable	 them	 to	
prevent	 irregularities	 and	 secure	 public	 funds.	
Furthermore,	 it	 will	 be	 useful	 to	 implement	 a	
method	 for	 procurers	 and	 bidders	 to	
communicate	promptly	 to	 clarify	unclear	 areas	
of	a	published	tender	or	a	submitted	bid.		
Providing	 e-procurement	 awareness	 sessions	
for	procurers	will	increase	their	enthusiasm	and	
encourage	 them	 to	 adopt	 e-procurement	
systems.	 As	 recommendations	 under	 project	
management	 were	 highly	 rated	 by	 both	
procurers	 and	 bidders,	 it	 is	 imperative	 to	 give	
more	 attention	 to	 the	 project	 management	
aspect	 of	 the	 public	 procurement	 of	 IS.	 It	 was	
also	concluded	that	both	procurers	and	bidders	
saw	 the	 same	 issues	 as	 challenges	 in	 public	
procurement	 of	 IS	 and	may	 agree	on	 the	 same	
recommendations	if	the	procurement	procedure	
is	 changed	 to	 make	 it	 more	 suitable	 for	
procurement	of	IS.		
Due	 to	 the	 time	 constraints,	 the	 first	Modified-
Delphi	 round	was	 conducted	with	a	 fraction	of	
the	Delphi	panel.	Future	researchers	can	adopt	
the	Classical	Delphi	Method	using	an	open-ended	
questionnaire	 in	 the	 first	 round,	 distributed	
among	the	entire	panel	of	experts.	This	method	
would	 generate	 more	 recommendations	 and	
provide	better	insight	into	the	research	question.	

Further,	 the	 Delphi	 survey	 was	 conducted	 for	
only	 two	 rounds	 in	 this	 study	 due	 to	 time	
constraints	 and	 to	 prevent	 participant	 fatigue.	
Conducting	one	more	round	would	allow	more	
recommendations	 reach	 consensus	 and	 would	
allow	 experts	 to	 observe	 the	 responses	 of	 the	
rest,	 re-evaluate	and	compare	 their	answers.	 It	
would	also	give	the	researcher	an	opportunity	to	
analyse	 the	 stability	 of	 responses	 and	
understand	 how	 the	 expert	 panel	 worked	
towards	consensus.		
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Abstract:	Involvement	of	emerging	technological	
improvements	is	essential	in	medical	disciplines	to	

provide	 adequate	 medical	 treatment.	 Virtual	

reality	 is	 one	 of	 the	 latest	 and	 most	 applicable	

technologies	 that	 can	 facilitate	 medical	

professionals	and	patients	 in	 several	ways	while	

treating	 diseases.	 Furthermore,	 virtual	 reality	

enhances	 a	 medical	 student's	 knowledge	 and	

abilities	 in	 various	 ways.	 Therefore,	 it	 is	

fascinating	 to	 explore	 the	 potential	 of	 virtual	

reality	 for	 improving	 the	 medical	 education	

experience	 in	 an	 academic	 study.	 This	 research	

provides	 a	 review	 of	 virtual	 reality	 in	 medical	

education	 and	 finds	 how	 medical	 students	 and	

professionals	 are	 aware	 of	 the	 applications	 of	

virtual	reality	in	medical	education	and	practices		

	

Keywords:	 virtual	 reality,	 medical	 education,	
simulation,	3D	environment,	medical	training	

1. Introduction	

Medical	 education	 in	 teaching,	 learning,	 and	
practical	aspects	of	the	human	body	and	health	
aims	to	produce	medical	professionals	who	can	
diagnose	 and	 reduce	 diseases.	 Mainly,	 medical	
education	 is	 not	 limited	 to	 in-class	 academic	
studies	 and	 exams.	 Still,	 it	 is	 expanded	 by	
understanding	 and	 handling	 the	 complexity	 of	
the	 human	 body	 practically	 and	 regulating	 its	
functions	 with	 proper	 medical	 applications.	
However,	limitations	in	the	availability	of	human	
bodies	and	learning	from	mistakes	in	live	human	
bodies	 are	 the	 main	 blockers	 to	 medical	
education	practices.	

	

	

Virtual	reality	(VR)	is	one	of	the	most	emerging	
technologies	 which	 makes	 digital	 evolution	 in	
several	 fields	 (Elmqaddem	 &	 N.,	 2019).	 It	 is	
noticeable	 that	 medical	 education	 has	
specialized	 in	 digital	 technologies	 within	 the	
classroom	 and	 other	 educational	 sectors.	 The	
virtual	 medical	 environment	 can	 simulate	
teaching	and	learning	of	human	healthcare	with	
virtual	 patients,	 human	 bodies,	 and	 medical	
technologies	 (Kelly,	 et	 al.,	 2022).	 Simply,	 the	
medical	 professionals	might	be	 involved	 in	 the	
virtualized	 3D	 environment	 of	 medical	 labs	 or	
operation	 theatres	 as	 well	 as	 participate	 in	
handling	 the	 virtual	 human	 body,	 visualizing	
practical	 functions	 of	 human	 organs,	 and	 a	
variety	 of	 human	body	 structures	 by	 using	 the	
features	 of	 computers,	 internet,	 head-mounted	
visuals,	cameras,	censored	gloves,	and	trackpads	
(Dhar,	et	al.,	2021).	This	research	was	conducted	
to	review	reimagining	medical	education	and	its	
potential	 using	 virtual	 reality	 in	 advanced	
medical	disciplines.	

2. 	Virtual	Reality	

Virtual	 reality	 (VR)	 is	 a	 cutting-edge	 human-
computer	 interface	 that	 allows	 users	 to	 walk	
around	 a	 virtual	 world,	 see	 it	 from	 multiple	
perspectives,	 reach	 it,	 grab	 it,	 and	 alter	 it	
(Bouloukakis,	et	al.,	2019).	Therefore,	there	is	a	
potential	for	virtual	reality	to	lead	to	innovations	
in	 various	 fields,	 which	 will	 influence	 people's	
daily	 lives.	 There	 are	 fundamental	 aspects	 of	
virtual	reality	applications.	
• Immersion	
• Interaction	
• Imagination	
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• 360-Video	

	
3. Importance	of	Medical	Education	

Health	care	is	the	maintenance	or	improvement	
of	 health	 through	 diagnosis,	 treatment,	 and	
prevention	of	disease,	 illness,	 injury,	and	other	
physical	 or	 mental	 impairments	 in	 a	 human	
being.	 In	 that	 area,	Medical	 training	 is	 critical,	
and	doctors	should	be	provided	several	years	of	
practical	 training	 before	 they	 step	 into	 self-
medical	 practice.	 These	 continuous	 training	
practices	 during	 academic	 and	 internship	
periods	will	help	to	gain	adequate	experience.	
	
Expertise	 in	 particular	 medical	 fields	 can	 be	
improved	 through	 regular	 training	 and	proper	
education.	For	that,	advanced	medical	research	
highly	focuses	on	various	diseases	and	illnesses.	
Furthermore,	 improving	 the	 emotional	
intelligence	 of	 medical	 practitioners	 help	
medical	 professionals	 handle	 patients	 without	
fear	 or	 unstable	 mental	 conditions	 during	
treatments.	
	
4. Virtual	Reality	in	Medical	Education	and	

Medical	Training		

Virtual	 reality	 is	 a	 technological	 tool	 that	
facilitates	 understanding	 the	 cranium's	
morphology	 through	 immersion	 in	 a	 virtual	
reality	environment	created	by	the	generation	of	
anatomical	 models	 in	 neuroradiology	 and	
neurosurgery	(Izard,	et	al.,	2016	Nov	2).	As	the	
virtual	 reality	 trend	 increases,	 these	 realities	
may	 give	 medical	 training	 in	 procedures,	
methods,	 and	 equipment	 usage	 and	 mimic	
patient	 interactions	 in	 a	 more	 immersive	 and	
realistic	way.	
	
A. 	USES	OF	VIRTUAL	REALITY	IN	MEDICAL	EDUCATION	
In	 the	 field	 of	 medicine,	 virtual	 reality	 is	
becoming	 increasingly	 popular.	 In	 addition,	
some	medical	universities	use	virtual	reality	for	
their	medical	training	and	education.	

• University	of	Oxford:	Mobile	Virtual	Reality	
System,	Effective	learning	method,	Speedup	
the	practices,	Encouraging	staff	
performance	and	experiential	learning	
(Nordahl,	et	al.,	2014).		

• Indiana	 University-Purdue	 University	
Columbus:	 Train	 students	 through	 virtual	
scenarios	and	an	Integrated	Virtual	Reality	
system	(Barker	&	R.T.	and	Stowers,	2009).		

• University	 of	 São	 Paulo:	 High	 fidelity	
simulation	 labs,	 Virtual	 and	 stereoscopic	
anatomy	 and	 Rehabilitation	 after	 Spinal	
Cord	 Injury	 (Mariani	 &	 A.W.	 and	 Pêgo-
Fernandes,	2011).		

• University	 of	 Northampton:	 Learning	 in	 a	
simulated	environment	(Pottle	&	J.,	2019).		

	
The	 following	 utilization	 categories	 are	
determined	using	VR	in	medical	education.	
	
1)	 Educational	 purposes:	 In	medical	 education,	
academic	and	practical	are	the	most	widespread	
virtual	 reality	 applications.	 Simply,	 medical	
students	can	take	virtual	excursions	through	all	
systems	of	 the	human	body	 to	understand	 the	
functions	from	inside,	similar	to	virtual	walks	of	
tourists	 through	 modeled	 landmarks.	 Medical	
studies	 institutions	can	provide	high-definition	
3D	 models	 of	 human	 organs,	 which	 are	 more	
convenient	 and	 illustrative	 than	 traditional	
exhibitions	 of	 jars	 of	 organs	 in	 laboratories.	
Virtual	 reality	 enables	 the	 reduction	 or	
obviation	 of	 the	 conventional	 usage	 of	 dead	
bodies	 as	 visual	 aids	 or	 training	 dummies	 in	
medical	training.	

Figure 1 Virtual reality in medical 
training 
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In	European	countries,	the	number	of	cadavers	
is	 limited	 for	 studying	 anatomy	 by	 dissection.	
Since	 there	 are	 fewer	 chances	 for	 traditional	
dissections,	 virtual	 reality	 is	 used	 in	 medical	
studies	 to	 fulfil	 the	 anatomy	 discipline	
theoretical	 knowledge.	 Furthermore,	 this	
technology	 helps	 to	 better	 understand	
anatomical	 relations	 of	 structures	 within	 the	
body	 compared	 to	 traditional	 dissections	 by	
resembling	 the	 actual	 tissues	 and	 organs	 in	 a	
real	living	human.		
	
2)	 Surgical	 training:	Medical	 surgical	 training	
can	 be	 done	 in	 a	 significant,	 cost-saving,	
effective	 manner	 and	 without	 facing	 real-life	
consequences,	 with	 the	 application	 of	 virtual	
reality	 technology	 in	practical	 skills,	which	are	
high-risk	activities	 such	as	 real-time	surgeries.	
Specialized	 virtual	 reality	 medical	 training	
platforms	such	as	OssoVR	help	to	get	regular	and	
frequent	 practices	 with	 various	 surgical	
procedures	 that	 can	 adjust	 settings	 and	
scenarios	 (Clarke	 &	 E.,	 2021).	 Mistakes	 in	
traditional	surgery	may	harm	patients'	 lives	or	
organs,	but	virtual	reality	surgical	training	will	
improve	 skills	 by	 learning	 from	 mistakes,	
realistic	visuals,	and	repeated	feedback.		
	

3)	 Dentistry	 training:	 Virtual	 patients	 with	
various	 symptoms	 and	 3D	 models	 of	 teeth	
designs	and	specially	configured	drills	are	used	
in	 dental	 practices	 to	 improve	 practical	 skills,	
imitate	 real-life	 tactile	 models,	 and	 on-time	
feedback.	HapTEL	was	one	of	the	virtual	dental	
training	 systems	 presented	 as	 a	 breakthrough	
learning	 method	 instead	 of	 the	 conventional	
way	 involving	 mannequins	 with	 plastic	 teeth	
(Wang,	et	al.,	2016).	
	

4)	Healthy	lifestyle	promotion:	Healthy	lifestyles	
such	as	physical	exercise	and	harmful	effects	of	
bad	 habits	 such	 as	 smoking,	 alcohol	 and	 drug	
addiction,	 sedentary	 lifestyle,	 and	 unhealthy	
diet	can	be	explained	through	the	visual	impact	

of	virtual	reality	technologies	among	the	public	
and	 youth.	 Realistic	 visualizations	 and	
intelligible	and	reliable	promotions	through	the	
latest	 technologies	 will	 urge	 people	 to	 make	
awareness.	
	

5)	 Paramedic	 training:	 Virtual	 reality	 can	 be	
used	 to	 train	 paramedics	 by	 allowing	 them	 to	
interact	with	simulated	emergency	or	accident	
virtual	 environments	 with	 people	 at	 minimal	
risk.	 These	 scenarios	 are	 realistic	 and	 allow	
professionals	 to	 experience	 a	 high-stress	
situation,	 respond	 accordingly	 and	 improve	
their	emergency	lifesaving	skills.	
	

6)	Nursing	education:	The	use	of	virtual	reality	
as	 an	 educational	 tool	 corresponds	 to	
constructivist	learning	theory	and	speaks	to	the	
experiential	learning	paradigm	for	nursing	and	
midwife	 students.	 Therefore,	 virtual	 reality	
should	be	 included	 in	nursing	 education	while	
keeping	the	risk	of	motion	sickness,	the	costs	of	
this	technology,	and	the	requirement	for	a	priori	
training	among	students	and	educators	(Hardie,	
et	 al.,	 2020).	 For	 nursing	 education,	 the	
equipment	 called	 SimX	 does	 virtual	 reality	
programming	for	health	professions	(Ralston,	et	
al.,	 2021).	 Therefore,	 it	 is	 a	 more	 flexible	 and	
accurate	methodology	for	nursing	education.		
	
B. 	ADVANTAGES	OF	VIRTUAL	REALITY	IN	MEDICAL	

EDUCATION	

Virtual	reality	is	no	longer	just	a	tool	for	gamers	
or	 the	 entertainment	 business;	 it	 is	 a	 cutting-
edge	 technology	 with	 the	 potential	 to	 reduce	
safety	hazards	and	save	lives,	particularly	in	the	
medical	sector.	Virtual	reality	is	also	being	used	
to	educate	 the	 future	generation	of	physicians,	
paramedics,	 and	 other	 medical	 professionals,	
and	 it	 has	 been	 demonstrated	 to	 have	 various	
advantages.	 VR	 is	 primarily	 used	 to	 help	 cure	
phobias,	 anxiety	 disorders,	 post-traumatic	
stress	disorder,	disability,	and	rehabilitation,	as	
well	 as	 to	 demonstrate	 3D	 anatomy,	 simulate	
surgery	 and	 surgical	 planning,	 and	 help	 treat	
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phobias,	 anxiety	 disorders,	 and	 post-traumatic	
stress	disorder,	and	disability	(Baniasadi,	et	al.,	
2020).	 The	 advantages	 of	 VR	 in	 medical	
education	are	categorised	as	follows.	
	
1)	 Physical	 Rehabilitation	 and	 Cognitive	
Functioning	 are	 aided:	 Virtual	 reality	 training	
can	 enable	 medical	 practitioners	 to	 help	 their	
patients	exercise	and	move	their	bodies	in	ways	
that	are	difficult	to	achieve	in	physical	therapy.	
Virtual	 reality	 training	 will	 provide	 medical	
professionals	with	the	hands-on	experience	they	
require	while	assisting	their	patients	in	several	
ways	directly.	
	

2)	 Provide	 effective	 methodologies	 for	 medical	
training:	A	 high-quality	 virtual	 reality	 training	
program	 can	 teach	 students	 the	 fundamentals	
and	 specifics	 of	 many	 processes,	 and	 the	
technology	 may	 transfer	 a	 learner	 inside	 a	
human	 body,	 allowing	 them	 to	 better	 see	 and	
practice	in	places	that	are	not	easily	accessible.	
Virtual	 reality	 training	 programs	 for	 dentistry	
students	and	practitioners	are	being	developed	
using	 virtual	 reality	 technology.	 A	 3D	
representation	of	the	teeth	is	created	to	imitate	
a	genuine	patient	in	virtual	reality.	The	original	
intraoral	scan	is	then	used	to	construct	a	haptic	
model.	Finally,	the	model	is	put	through	its	paces	
in	a	virtual	reality	haptic	dental	simulator.	
	

3)	 Patient-centred	 virtual	 reality	 training:	

Patient-centred	virtual	reality	training	is	a	new	
invention	in	the	area,	and	the	results	have	been	
promising;	therefore,	this	new	training	module	
in	dentistry	education	 is	 likely	 to	be	used	on	a	
big	scale.	
	

4)	 Learn	 from	 the	 mistakes:	 Fresh	 students	 of	
precision	who	 are	 not	well	 prepared	 and	 lack	
skill	clearly	make	mistakes	in	surgery.	There	are	
many	 cases	 of	 patients	 who	 died	 because	 of	
surgeons	 who	 used	 the	 incorrect	 procedures	
and	the	incorrect	treatment	during	the	surgery.	
However,	 when	 they	 are	 trained	 using	 virtual	

reality	technologies,	they	might	get	experiences	
any	 time,	 and	 they	 don’t	 get	 fear	 their	 actual	
surgeries.	
	

5)	Feel	the	different	types	of	pains	of	the	patients:	
In	several	settings,	medical	students	who	learn	
to	use	virtual	reality	 for	a	variety	of	objectives	
might	 assist	 reduce	 their	 patients'	 discomfort.	
For	 example,	when	a	patient	 is	 engrossed	 in	 a	
virtual	 reality	 experience,	 the	 somatosensory	
cortex	and	the	insula	become	less	active.		It	may	
also	 assist	 patients	 in	 enduring	 medical	
procedures	 that	 are	 typically	 excruciatingly	
unpleasant.	
	
C. CHALLENGES	OF	THE	APPLICATION	AND	

DEVELOPMENT	OF	VIRTUAL	REALITY	IN	MEDICAL	

EDUCATION	

Despite	 the	 advantages	 of	 virtual	 reality	 in	
medical	 education	 and	 treatment,	 various	
problems	 and	 limits	 lead	 to	 the	 technology's	
ineffectiveness	or	misuse.	
	
1)	 Immaturity	 and	 Theoretical	 Uncertainties:		

Establishing	a	 solid	 theoretical	 foundation	and	
standards,	 as	 with	 the	 creation	 of	 any	 new	
discipline,	is	critical	to	the	field's	progress.	The	
fact	 that	 the	 exact	 nature	 of	 virtual	 reality's	
influence	 on	 the	 therapeutic	 condition	 of	
interest	is	often	unclear	adds	to	the	intricacy.	
	
2)	High	Costs:	The	cost	of	 implementing	virtual	
reality	is	comparatively	high.		
	

3)	Lead	to	motion	sickness:		The	medical	students	
will	 face	 motion	 sickness	 related	 to	 using	 a	
headset.	 The	 persons	 who	 are	 dealing	 with	
virtual	reality,	are	never	want	to	move.		
	

4)	 Reduced	 face-to-face	 communications:	 Since	
there	is	no	face-to-face	communication	between	
users	(such	as	learners)	and’	actual	patients'	in	
virtual	 reality-based	 educational	 settings,	
assessments	should	be	conducted	in	real-world	
situations	to	guarantee	the	program's	success.	
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5)	 Safety	 concerns:	 The	 application	 of	 VR	 in	
medical	 education	 might	 cause	 safety	 issues.	
Usage	of	 these	 advanced	 technologies	must	be	
regulated	 by	 proper	 practices	 and	 expertized	
professionals	 to	 reduce	 the	 following	 issues	
related	 to	 safety	 aspects.	 VR	 is	 still	 not	
adequately	 familiarized	 by	 most	 health	
professionals.	Virtual	reality	devices	may	cause	
users	 nausea,	 vertigo,	 and	 disorientation	
symptoms	 while	 using	 them	 for	 an	 extended	
period	 (Caserman,	 et	 al.,	 2021).	And	also,	 fully	
virtualized	 practices	 might	 cause	 insufficient	
realistic	training	for	doctors	while	practising	in	
actual	 circumstances.	Therefore,	VR	can	create	
safety	challenges	for	patients.	

	
5. Integration	 of	 Virtual	 Reality	 and	

Medical	Education	

Over	the	years,	the	use	of	technology	in	medical	
education	has	progressed.	Medical	education	is	a	
dynamic	 area	 that	 is	 always	 changing	 and	
evolving.	 In	 medical	 education,	 a	 variety	 of	
technologies	 are	 now	 in	 use.	 Imagining	 the	
advancement	 of	 usage	 of	 virtual	 reality	
technologies	in	medical	education	in	the	context	
of	 an	 emerging	 medical	 discipline	 is	 pretty	
interesting.		
	
Virtual	reality	is	an	excellent	tool	for	developing	
an	interactive	training	system	since	it	enhances	
the	realism	of	the	simulation.	Virtual	reality	has	
been	used	to	enhance,	and	in	some	cases	replace,	
traditional	 medical	 education	 and	 training	
methods	 for	 years.	 Virtual	 reality	 experiences	
are	also	repeated.	This	allows	students	to	make	
errors	safely	and	improve	their	skills	via	focused	
practice.	This	has	been	 identified	as	one	of	 the	
most	important	aspects	of	good	simulation.		
	
Virtual	reality	can	give	the	clinical	situation	in	a	
small	space	with	minimal	setup	time.	Because	of	
its	ease	of	use,	additional	simulation	activities	at	
a	 centre	 can	 take	 place	 simultaneously	 with	
virtual	 reality	 simulation,	 such	 as	more	 faculty	

focus	 on	 advanced	 communication	 skills	 or	 in	
situ	simulation,	neither	of	which	are	well-suited	
to	virtual	reality	(Schröter,	et	al.,	2021).	Virtual	
reality	 technologies	 give	 the	 hands-on	
experience	 needed	 to	 gain	 knowledge	 and	
comfort	 with	 procedures	 but	 in	 a	 safe	 and	
controlled	 environment.	 As	 a	 result,	 when	
students	 make	 mistakes,	 they	 may	 be	 fully	
rectified	 in	 real-time	 and	 without	 danger.	
Because	 virtual	 reality	 modules	 still	 demand	
interaction,	 abilities	 might	 become	 second	
nature	before	being	used	in	real-life	situations.		
	
Learners	 can	 benefit	 from	 virtual	 reality	 in	
medicine	 by	 learning	 how	 to	 be	 empathic.	
Empathy	 is	 required	 across	 the	 healthcare	
industry	when	physicians	must	convey	bad	news	
or	when	dealing	with	a	particularly	sensitive	or	
impaired	 patient.	 Learners	 will	 be	 better	
prepared	 for	 these	 real	 exchanges	 across	 their	
intended	 practice	 if	 they	 practice	 these	
discussions	 and	 internalize	 various	 replies	 and	
emotions.	Learners	are	then	sent	to	the	school's	
neurosurgical	 anatomy	 lab,	 where	 they	 may	
examine	and	touch	the	same	anatomical	parts	in	
a	 360-degree	 cadaver	 after	 the	 virtual	 reality	
session	 (Atli,	 et	 al.,	 2021).	 The	 virtual	 reality	
warm-up	 is	 intended	 to	 help	 students	 prepare	
for	 dissection	 while	 improving	 their	 learning.	
When	viewing	a	2-D	image	on	a	screen,	trainees	
can	 spot	 traits	 and	 anomalies	 that	 they	would	
not	see	otherwise.	All	of	this	is	done	in	order	to	
better	 prepare	 students	 for	 actual	 procedures.	
The	ultimate	aim	of	the	Virtual	Reality	Research	
Centre	 is	 to	 enhance	 surgical	 procedures	 and	
results	 through	 a	 better	 knowledge	 of	 surgical	
neuroanatomy,	endoscopic	 skull	base	anatomy,	
microsurgical	 neuroanatomy,	 white	 matter	
dissection,	and	imaging	(Torous,	et	al.,	2021).		

	
Overall,	 virtual	 reality	 in	 medicine	 has	
fundamentally	 changed	 how	 healthcare	 is	
taught	 in	 colleges,	 universities,	 technical	
institutions,	 and	 hospitals.	 Compared	 to	 the	
usual	 classroom	 experience,	 which	 mainly	
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consists	 of	 textbook	 instruction,	 this	 way	 of	
learning	 is	 far	 more	 sophisticated	 and	
successful.	
	
6. Methods	 to	Develop	Virtual	Reality	 in	

Medical	Education	

VR	 and	 simulation	 in	 medical	 education	 are	
being	 evolved	 in	 a	 range	 from	 basic	
reproduction	of	single	parts	of	human	organs	to	
complex	 human	 organic	 interconnections,	
which	are	demonstrated	by	simulated	patients	
or	 high-fidelity	 human	 patient	 simulators	
replicating	 complete	 body	 appearance	 and	
various	 physiological	 characteristics.	 A	
customized	simulation	system	in	VR	technology	
is	 one	 of	 the	 emerging	 requirements	 from	
medical	 students’	 and	 patients’	 sides.	
Leveraging	immersive	visualizations,	embodied	
simulations,	 and	 capturing	 personalized	
analytics	can	be	used	to	personalize	the	systems	
to	 educate	 the	 struggling	 students	 from	 their	
level	 of	 understanding	 and	 treat	 the	 patients	
from	 their	 level	 of	 seriousness	 of	 the	 disease	
(Lercari,	et	al.,	2018).	
	
Medical	 surgeries	 can	 be	 guided,	 and	 medical	
experts	 can	 facilitate	 surgeries	 using	 Machine	
Learning	to	Assess	Surgical	Expertise	(MLASE)	
in	virtual	reality	simulation	(Lungu,	et	al.,	2021).	
Medical	 knowledge,	 surgical	 expertise,	
technological	evolution,	and	future	research	will	
empower	this	MLASE	system	to	make	surgeries	
efficiently	 with	 the	 involvement	 of	 VR	 and	
machine	 learning.	 For	 example,	 based	 on	 the	
research	of	the	centre	of	Advanced	Technology	
in	 Surgery	 at	 Stanford,	 medical	 physicians	 in	
future	 industries	 shall	 practice	 surgery	with	 a	
projectable	 tangible	 hologram	 developed	 from	
the	 patient’s	 personal	 medical	 history	 and	
conditions	 (Hernandez-de-Menendez,	 et	 al.,	
2020).	 In	 addition,	 robotic	 assistance	 can	
execute	 these	 practices	 on	 the	 whole	 day	 of	
surgery	 in	 labs.	 Therefore,	 educating,	 training,	
and	 filtering	 appropriate	 surgeons	 who	 can	
handle	 VR,	web-based	 electronic	 learning,	 and	

customized	robotic	aid	will	be	suitable	for	these	
practices	in	the	future.	
	
Orthopaedic	 physicians	 prefer	 fully	
computerized	 orthopaedic	 VR	 applications	 to	
educate	 the	patients	and	 treat	 them	with	 their	
specific	diseases	and	diagnostic	methods.	These	
applications	 can	 demonstrate	 the	 actual	
condition	 of	 the	 patient	 and	 the	 upcoming	
surgical	procedures	using	VR	technology	as	they	
are	 in	 the	 operation	 theatre	 in	 surgery.	
Automated	 bot	 assistance	 also	 will	 be	
introduced	 in	 these	 orthopaedic	 physical	 joint	
evaluation	tests	and	surgeries.	The	involvement	
of	 immersive	 VR	 technology	 in	 understanding	
and	handling	the	empathetic	issues	or	older	age-
related	diseases	such	as	macular	degeneration,	
high-frequency	hearing	loss,	vision	and	hearing	
loss,	 and	 Alzheimer’s	 disease	 is	 getting	
developed	 through	 previous	 research	 (García-
Betances,	et	al.,	2015).	Physicians,	doctors,	and	
surgeons	can	use	VR	software	to	customize	the	
simulation	 of	 every	 person	 to	 understand	 the	
empathy	of	the	patient’s	perspective	conditions	
and	medicate,	assist	and	treat	them	efficiently.	
	
Continuous	 medical	 treatments	 and	 therapies	
for	 psychological	 disorders	 such	 as	 post-
traumatic	 stress	 disorder	 (PTSD)	 and	
Alzheimer’s	 are	 being	 shifted	 to	 VR	 treatment	
methods	 because	 of	 the	 efficient	 method	 of	
immersive	therapies	(Difede,	et	al.,	2019).	These	
virtual	 environments	 will	 be	 able	 to	 re-create	
traumatic	 situations	 that	 trigger	 intense	
emotional	 responses	 and	 enable	 therapy	 in	 a	
more	 skilful	 way	 by	 handling	 delicate	 patient	
interactions.	 Furthermore,	 future	 upgrades	 of	
VR	diagnostic	tools	and	systems	will	be	able	to	
analyse	 and	 visualize	medical	 data	 of	 patients	
accurately,	project	statistical	plots	and	reports,	
and	create	medical	procedures	with	significant	
steps	 for	 the	 patient	 and	 doctors	 with	 more	
accuracy	and	with	more	processing	power,	high	
resolution,	better	advanced	haptic	devices	and	
creative	scenarios.	
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The	 current	 VR	 medical	 assistance	 systems	
trend	 is	 limited	 to	 hand	 controls	 and	 basic	
movement	sensors.	In	the	future,	improvements	
in	hand	control	and	body	movements,	as	well	as	
voice	control	abilities,	will	be	available	in	the	VR	
technologies	 used	 for	 medical	 purposes.	
Integration	of	AI	with	the	application	of	VR	will	
make	 another	 step	 in	 the	 technological	
evolution	 in	 medical	 immersive	 virtual	
environmental	 and	 robotic	 assistant	
technologies.	 These	 evolutions	 might	 make	
another	 milestone	 in	 3D	 virtualized	 hologram	
video	 conferencing	 medical	 guidance.	 Mobile	
Virtual	Reality	Centres	can	be	created	as	virtual	
reality	offices	or	clinic	centres	which	can	move	
from	 place	 to	 place	 with	 the	 facilities	 of	 in-
person	 doctor	 applications	 with	 hologram	
meetings	 or	 3D	 virtual	 conversations.	 These	
mobile	centres	will	be	able	to	make	facilities	for	
patients	 to	 consult	 a	 doctor	 in	 a	 virtual	
environment	as	well	as	treat	them	with	limited	
surgeries	available.	
	
In	 the	 future,	 these	 primary	 devices	 can	 be	
designed	 with	 more	 complex	 and	 advanced	
instruments	 that	 can	 perform	 efficiently.	
Advanced	 simulated	 surgical	 equipment	 and	
technologies	will	 be	used	 in	 future	 endoscopy,	
laparoscopy,	 cholecystectomy,	 or	
appendectomy	in	more	accurate	ways.	Medical	
education	 and	 practices	 can	 be	 developed	
through	these	advanced	technologies	of	virtual	
reality,	 augmented	 reality	 and	 distance-
conferencing	 in	 accordance	 with	 fully	
automated	 virtual	 reality-equipped	 operating	
theatres	with	360°	cameras	and	simulators	with	
well-trained	 staff	 and	 programmed	 robotic	
assistance.	
	

7. Discussion	

Under	 this	 research,	 a	 survey	 was	 conducted	
online	 to	 collect	data	about	 the	awareness	and	
application	 of	 VR	 in	 medical	 education	 and	
practices	 among	 medical	 students	 and	

professionals.	 A	 set	 of	 questionnaires	 was	
circulated	 among	 students	 from	 state	
universities,	 foreign	 universities,	 and	 some	
medical	 professionals	 practising	 in	 the	 local	
healthcare	 sector.	 The	main	 aim	of	 this	 survey	
was	 “find	 the	 level	 of	 awareness	 about	 VR	 in	
medical	 education	 among	 medical	 students	 as	
well	as	their	opinion	about	the	application	of	VR	
in	medical	 practices,	 and	 the	 understanding	 of	
VR	 technology	 among	 our	 Sri	 Lankan	 medical	
students”.	 This	 survey's	 responses	 were	 not	
limited	to	a	few	universities	or	our	country.	The	
responses	 were	 gathered	 from	 14	 different	
university	 medical	 students	 and	 professionals.	
This	survey	was	a	unique	part	of	this	research	to	
review	 the	 use	 of	 virtual	 reality	 in	 medical	
education,	 and	 other	 researchers	 haven’t	
conducted	 a	 comprehensive	 survey	
accommodating	a	more	expansive	audience	like	
this	study.				
	
According	to	the	responses,	most	of	the	medical	
students	in	Sri	Lankan	universities	do	not	have	
an	 awareness	 of	 VR	 technology	 in	 the	medical	
sector.	 Mainly,	 94.1%	 of	 the	 medical	 students	
heard	about	this	technology	in	the	medical	field,	
but	only	17.6%	have	experienced	the	usage	of	VR	
in	 medical	 studies.	 Significantly,	 only	 foreign	
university	 students	 have	 experienced	 these	
technological	 applications	 in	 their	 medical	
studies,	 such	 as	 in	 anatomy,	 pathology,	 and	
topography	anatomy.	Nevertheless,	on	the	other	
hand,	 88.2%	 of	 students	 believe	 that	 the	
application	of	VR	will	improve	the	standards	of	
medical	 education	 and	 training,	 and	 they	 have	
stated	 some	 of	 their	 opinions	 as	 reasoning	 for	
this	thought.	In	addition,	most	of	the	participants	
have	 suggested	 their	 opinions	 on	 the	
possibilities	 for	 the	 application	 of	 VR	 in	 the	
medical	 sector	 and	 stated	 that	 they	 had	
appreciated	this	technology	in	their	studies	and	
training	practices.		
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In	a	nutshell,	based	on	the	overall	analysis	of	this	
survey	 responses,	 88.2%	 of	 medical	 students	
believe	that	virtual	reality	in	medical	education	
and	 practices	 can	 enhance	 medical	 education	
and	training	practices.		
	
However,	it	is	noticeable	that	Sri	Lankan	medical	
students	have	low	awareness	of	the	usage	of	VR,	
but	 they	 showed	 that	 they	 are	 interested	 in	
using	this	technology	for	their	work.	Therefore,	
it	is	clear	that	there	is	potential	in	applying	VR	in	
this	 domain,	 and	 it	 will	 significantly	 improve	
medical	education	practices.	
	
As	 the	 virtual	 reality	 trend	 increases,	 these	
realities	 may	 give	 medical	 training	 in	
procedures,	methods,	and	equipment	usage	and	
mimic	patient	interactions	in	a	more	immersive	
and	realistic	way.	The	intended	outcome	of	this	
review	 is	 to	 research	 reimagining	 medical	
education	with	virtual	reality	in	the	context	of	an	
emerging	 medical	 discipline	 and	 identify	 the	
practical	 concerns	 and	 difficulties	 associated	
and	 the	 ways	 to	 enhance	 virtual	 reality	 with	
medical	education	in	future.	
	
	

8. Conclusion	

Throughout	this	study,	the	main	objective	was	to	
review	 the	 possibilities	 of	 virtual	 reality	
applications	 in	 the	 medical	 field	 and	 medical	
studies.	As	medical	education	is	integrated	with	
human	organs	and	lives,	it	is	essential	to	educate	
medical	 students	 with	 broad	 knowledge	 and	
adequate	experience.		
	
Mainly,	the	covid	pandemic	has	limited	students'	
chances	of	actual	medical	practices	and	affected	
the	 treatment	 method	 for	 patients.	 A	 virtual	
environment,	 3D	 modelled	 organs	 and	
equipment,	 and	 simulated	 scenarios	 will	 help	
overcome	the	 limitations	 in	medical	education.	
Most	 Europe	 and	 American	 countries	 were	
already	 implemented	 some	 of	 these	 virtual	
reality	 concepts	 in	 actual	medical	 practices.	 In	
addition,	 some	 medical	 institutions	 are	
providing	 virtual	 reality-based	 industrial	
training	for	medical	students	abroad.	Currently,	
most	 of	 the	 theoretical	 principles	 of	 virtual	
reality	 are	 being	 revealed	 to	 practical	
applications	in	the	medical	industry.		
	
Even	 though	 there	 are	 some	 limitations	 and	
disadvantages	to	using	virtual	reality	in	medical	
education	 and	 practices,	 most	 of	 the	 previous	
studies	 and	 research	 emphasized	 the	
importance	 of	 virtual	 reality.	 Therefore,	 from	
this	 research,	 we	 can	 understand	 the	
transformation	 of	 medical	 studies,	 disciplines	
and	practices	with	virtual	reality,	as	well	as	the	
advantages,	 disadvantages	 and	 upcoming	
possibilities	 of	 implementing	 virtual	 reality	 in	
medical	 studies.	Making	continuous	awareness	
regarding	 virtual	 reality's	 applications	 in	
medical	 education	 to	 medical	 students	 and	
professionals	 will	 definitely	 improve	 the	
medical	education	system	for	emerging	medical	
disciplines.	
	
	
	
	

 

Figure 2 Summary of the survey 
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Abstract:	 Green	 synthesis	 method	 is	 becoming	
more	popular	as	an	economical,	energy-efficient,	

low	 cost	 and	 environment-friendly	 way	 of	

synthesis	 of	 iron	 nanoparticles	 (FeNPs).	 In	 this	

study,	 the	 aqueous	 extract	 of	 Long	 coriander	

(Eryngium	foetidum)	leaves	was	used	as	reducing	

and	 stabilizing	agents	 in	 the	 synthesis	 of	 FeNPs.	

The	aqueous	extract	of	Long	coriander	(Eryngium	

foetidum)	 leaves	 can	 reduce	 from	 Fe3+	 into	 iron	

nanoparticle	 (Fe0)	 at	 room	 temperature.	 The	

green	 synthesized	 iron	 nanoparticles	 were	

characterized	 by	 Scanning	 Electron	 Microscope	

(SEM)	 analysis,	 Energy	 Dispersive	 X-Ray	 (EDX)	

analysis,	X-ray	diffraction	(XRD)	analysis,	Fourier	
transforms	infrared	(FTIR)	spectroscopy	analysis	

and	 UV-Visible	 (UV-Vis)	 spectroscopy	 analysis.	
The	 particles	 were	 identified	 as	 being	 on	 the	

nanoscale	 by	 SEM	 images	 and	 their	 surface	

morphology	was	revealed	to	be	a	spherical	shape	

with	a	particle	size	range	between	30-50	nm.	The	

elemental	 composition	 of	 synthesized	 iron	

nanoparticles	was	detected	by	EDX	spectroscopy	

analysis,	 which	 also	 revealed	 that	 the	

nanoparticles	are	primarily	present	in	metal	form.	

The	XRD	spectrum	observed	the	crystal	structure	

of	 the	 synthesized	 FeNPs	 and	 which	 have	

crystalline	 in	nature	with	a	size	of	around	43.30	

nm.	 The	 FTIR	 spectrum	 exhibited	 different	
characteristic	bands,	which	indicated	the	different	

functional	 groups	 of	 the	 active	 components	 in	

synthesized	 FeNPs.	 The	 UV-Visible	 observed	 the	

absorption	peaks	at	the	250-295	nm	region	due	to	

the	excitation	of	surface	plasmon	vibrations	of	the	

FeNPs	and	the	maximum	peak	was	shown	at	272	

nm.	The	green	synthesis	method	from	synthesized	

FeNPs	 can	 be	 applied	 for	 a	 wide	 range	 of	

industrial	applications.		

Keywords:	 Green-synthesis,	 Environment-

friendly,	 Iron	 nanoparticles,	 Long	 coriander,	

Room	temperature	

	

1.	 Introduction	

Nanotechnology	 is	 one	 of	 the	 most	 rapidly	
increasing	 technologies	 of	 new	 development	
with	 a	 wide	 range	 of	 practical	 applications	
(Mareedu,	 Poiba	 and	 Vangalapati,	 2020).	
Nanotechnology	is	the	study	of	manipulating	and	
using	 matter	 through	 chemical	 or	 physical	
techniques	 to	 produce	 materials	 with	 certain	
properties	 that	 have	 various	 applications	
(Subhankari	and	Nayak,	2013;	Modi	et	al.,	2022).	
It	 produces	 small	 structures	 as	 well	 as	
mechanized	 technologies	 that	 can	 manage	 the	
structure	 of	 materials	 thoroughly	 and	 cheaply.	
Nanomaterials	have	structural	components	and	a	
sample	of	the	material	that	is	of	nanometric	size.	
The	 most	 important	 factor	 contributing	 to	 the	
widespread	 use	 of	 these	 nanomaterials	 is	 their	
high	 surface	 area-to-volume	 ratio	 (Narayanan	
and	 Sakthivel,	 2010;	 Samarawickrama	 et	 al.,	
2021).	 The	 field	 of	 study	 of	 nanotechnology	 is	
rapidly	 expanding	 and	 it	 is	 anticipated	 to	 have	
wide-ranging	applications	in	all	areas	of	science	
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and	 technology,	 including	 material	 science,	
material	 processing	 technology,	 mechanics,	
electronics,	 medicine,	 energy	 and	 aeronautics,	
plastics	 and	 textiles.	 Its	 wide-ranging	 social	
impact	 is	 thought	 to	 constitute	 a	 powerful	
incentive	 for	 a	 second	 industrial	 revolution	
(Mahmud	 and	 Nabi,	 2017;	 Heera	 and	
Shanmugam,	2015).		

Nanomaterials	 can	be	divided	 into	 three	 stages	
such	 as	 nanoemulsions,	 nanoclays	 and	
nanoparticles.	 The	 most	 fundamental	 part	 of	
nanomaterials	 is	 nanoparticles.	 Nanoparticles	
are	 made	 from	 carbon,	 metal,	 metal	 oxides	 or	
organic	material.	They	can	also	be	categorized	as	
carbon-based	nanoparticles,	metal	nanoparticles,	
semiconductor	 nanoparticles,	 polymeric	
nanoparticles	and	lipid-based	nanoparticles.	The	
nanoparticles	 exhibit	 distinct	 and	 unique	
physical	 and	 chemical	 properties	 at	 the	 nano-
scale	compared	to	their	corresponding	particles	
at	 higher	 scales	 (Saleem	 and	 Zaidi,	 2020;	
Thiyagarajan	 et	 al.,	 2020).	 Furthermore,	
nanoparticles	 have	 attracted	 a	 lot	 of	 interest	
because	 of	 their	 unique	 chemical	 and	 physical	
characteristics,	 which	 make	 them	 useful	 in	 a	
variety	 of	 fields	 including	 medicine,	 chemistry,	
the	 environment,	 energy,	 agriculture,	
information	and	communication,	heavy	industry,	
and	consumer	goods	(Thiyagarajan	et	al.,	2020;	
Amjad	et	al.,	2021).	

The	 chemical	 and	 physical	 processes	 were	
frequently	used	to	create	nanoparticles	and	they	
are	 suitable	 for	 the	creation	of	nanoparticles	of	
different	 sizes	 and	 shapes.	 Chemical	 reduction,	
microemulsion,	 and	 electrochemical	 thermal	
breakdown	are	three	chemical	processes	used	to	
make	nanoparticles.	Similar	 to	 that,	pulse	 laser,	
ball	 milling,	 chemical	 vapour	 deposition,	
microwave	irradiation	and	gamma	radiation	are	
physical	processes	used	to	create	nanoparticles.	
These	 technologies	 require	 extreme	
circumstances	such	as	high	temperature	and	high	
pressure,	 resulting	 in	 hefty	 upfront	 costs	
(Dhingra	et	al.,	2010;	Tyagi	et	al.,	2021).	Hence,	

there	is	an	increasing	need	to	discover	toxic-free,	
highly	 effective,	 non-expensive	 and	
environmentally	 friendly	 synthesis	 methods	 of	
nanoparticles.	 Thus,	 the	 field	 of	 green	
nanotechnology	 came	 into	 the	 nanoparticle	
synthesis	procedure	(Senapati	et	al.,	2005;	Rai	et	
al.,	2021).	Green	synthesis	is	a	function	that	uses	
natural	 extract	 from	 plant	 materials	 such	 as	
leaves,	flowers,	and	seeds	to	replace	the	reducing	
agent	 (Da’na,	Taha	and	Afkar,	2018;	Shankar	et	
al.,	 2004).	The	green	 synthesis	of	nanoparticles	
does	 not	 require	 high	 pressure,	 energy	 and	
temperature	conditions	and	toxic	chemicals.	This	
method	 is	 the	 most	 suitable	 method	 for	
synthesizing	 metal	 nanoparticles	 using	 plant	
component	 extracts	 (Saranya,	 Vijayarani	 and	
Pavithra,	2017;	Wang,	Zhao	and	Tan,	2008).	

Iron	 nanoparticles	 (FeNPs)	 have	 been	 used	 for	
this	 study	 as	 iron	 metal	 which	 is	 a	 non-toxic,	
easily	produced,	eco-friendly	and	less	expensive	
metal	 nanoparticle	 type.	 FeNPs	 are	 used	 in	
medical,	 waste-water	 treatment,	 coatings	 and	
textile	 applications,	 etc.	 (Saif,	 Tahir	 and	 Chen,	
2016;	Silalahi	et	al.,	2021).	The	iron	nanoparticles	
(FeNPs)	 were	 created	 using	 a	 green	 synthesis	
method	 employing	 an	 aqueous	 extract	 of	 long	
coriander	 leaves	 (Eryngium	 foetidum)	 as	 the	
reducing	 agent.	 The	 long	 coriander	 (Eryngium	
foetidum)	plant	is	native	to	South	America	and	is	
grown	in	low	wetlands	in	Sri	Lanka.	It	is	found	on	
grassland	 or	 cultivated	 as	 a	 plant	 in	 home	
gardens.	It	is	also	used	for	snakebite	in	Ayurveda	
medicine	and	some	 individuals	grow	 the	plants	
near	 their	homes	because	 they	believe	 they	are	
effective	 snake	 repellents	 and	 especially	 for	
cobras.	 (Silalahi	 et	 al.,	 2021;	Paul,	 Seaforth	and	
Tikasingh	 ,	2011).	The	synthesized	FeNPs	were	
characterized	 by	 using	 Scanning	 Electron	
Microscope	(SEM)	analysis,	Energy	Dispersive	X-
Ray	 (EDX)	 analysis,	 X-ray	 diffraction	 (XRD)	
analysis	 and	 UV-Visible	 Spectroscopy	 (UV-Vis)	
analysis.		

2.	Materials	and	Methods	 

A. Collection of the Plant and Chemical Materials 
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  Figure 1. Long coriander (Eryngium foetidum) leaves 

Fresh long coriander (Eryngium foetidum) leaves 
(Figure 1) were collected from a village area in 
Matugama, Sri Lanka. Ferric chloride hexahydrate 
(FeCl3.6H2O) under the SRL (Indian) brand was 
used as the source of iron (Fe), which was obtained 
from a local chemical supplier in Sri Lanka. The 
experiment used analytically graded chemicals 
which could be utilized without any additional 
purification. 

B. Preparation Method of Aqueous Extract of the 
Long coriander (Eryngium foetidum) Leaves  

The collected leaves were washed several times 
using water to remove the dust and other particulate 
matter. The clean leaves were shade dried for a few 
days and finely crushed using a mortar and pestle. 
To make the plant extract, the crushed leaves from 
20 g were mixed with 200 ml distilled water (MLR-
1:10) and the mixture was heated at 70 oC for 60 
minutes. The mixture is then brought to room 
temperature and filtered. For further studies, the 
extract was kept at 16 oC temperature. 

 

 

C. Synthesis Process of Iron Nanoparticles  

The long coriander (Eryngium foetidum) leaves 
extract was mixed with 0.1M of ferric chloride 
(FeCl3.6H2O) solution in a volume ratio of 1:2 at 
room temperature. The resultant mixture was stirred 
using a magnetic stirrer at 300 rpm for 60 minutes 
and the formation of an intense black-coloured 
solution confirmed the synthesis of iron 
nanoparticles. The mixture was centrifuged at 6000 
rpm for 15 minutes and separated the FeNPs to 
precipitate (the process was done by 2 or 3 times) 
The supernatant was discarded and a dialysis 
membrane was used to dialyze pellets 2-3 times 
with distilled water. Eventually, the FeNPs were 

dried at 50°C in a vacuum oven and stored in a seal-
tight container for further use. 
 

D. Characterization Process of Iron 
Nanoparticles  

1).  SEM and EDX characterization:  

The surface morphology and structure of 
synthesized iron nanoparticles were examined using 
scanning electron microscopy (SEM) analysis (Carl 
Zeiss eco 18 Research, Germany). Images of 
samples were recorded at different magnifications 
using an operating voltage of 10 kV. Information on 
the elemental composition of synthesized iron 
nanoparticles was determined by Energy Dispersive 
X-Ray (EDX) analysis (EDAX element detector, 
USA) attached to the SEM. 

2). XRD Characterization:  

X-ray diffraction analysis of Iron nanoparticles was 
conducted using Rigaku Ultima IV X-Ray 
Diffraction Spectrometer with Cu Kα radiation 
source (λ= 0.154 nm) and operated at 40 kV/30 mA. 
The diffraction pattern was obtained at the 
diffraction angle 2θ in the range of 10°– 60°  at a 
scan speed of 2°/min. Crystallite size was calculated 
using the Scherrer Equation of  CS= Kλ/β cos θ, 
where CS is the crystallite size, constant K = 0.94, λ 
= 1.5406×10-9,  β = Full width at half maximum 
(FWHM) (β=FWHM × π/180) and Cosθ=Bragg 
angle (Shobha, Moses and Ananda, 2014). 
3). FTIR characterization:  
Fourier transforms infrared spectroscopy was used 
to characterise functional group analysis of the 
sample. This characterization for used the Thermo 
Scientific Nicolet IS5-ATR (Attenuated Total 
Reflectance) FTIR spectrometer. The IS5-ATR type 
FTIR consisted of a single bounce diamond crystal 
allowing the collection of the IR spectrum directly 
from the sample. The iron nanoparticles sample was 
placed directly on the ATR diamond crystal and 
pressure was applied by lowering the tip of the 
pressure clamp using a ratchet-type clutch 
mechanism. The FTIR spectrum of the iron 
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Figure 5.  Synthesized iron nanoparticles powder 
 

Figure 2.  0.1M Ferric chloride solution 
 
 

Figure 3. Aqueous extract of long coriander leaves 
 
 

Figure 4.  Synthesized Iron nanoparticles solution 

Figure 6.  SEM image of synthesized iron nanoparticles at 10 kx 
times magnification 

 

nanoparticles sample was measured in the range of 
400 to 4000 cm−1 in transmission mode.  

 4). UV-Vis Characterization:  

 UV-visible absorption spectroscopy was employed 
to analyse the optical properties of the synthesized 
iron nanoparticles. A Thermo scientific genesis 10S 
series type UV Visible spectrophotometer was used 
to analyse the absorbency spectrum in the 
wavelength of 200-800 nm.  

3. Results	and	Discussion	 
 

A. Visual Inspection of Iron Nanoparticle 
Formation  

0.1M Ferric Chloride (FeCl3·6H2O) aqueous 
solution (Figure 2) was mixed with the aqueous 
extract of long coriander (Eryngium foetidum) 
leaves (Figure 3), which was used to synthesize 
FeNPs. The colour of the mixture (0.1 M Ferric 
Chloride solution with aqueous extract of long 
coriander leaves) changed from reddish-brown to 
dark black at room temperature. Figure 4 shows the 
successfully synthesized FeNPs solution. Figure 5 

illustrates the successful separation of iron 
nanoparticle powder from the nanoparticle solution 
after the centrifuged and drying procedures. 
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Figure 7.  SEM image of synthesized iron 
nanoparticles at 25 kx times magnification 

 

Figure 9.  XRD spectrum of synthesized iron 
nanoparticles 

 

 

 

 

	

	

	
	

B. SEM	and	EDX	Analysis	of	Iron	Nanoparticles		
The	 SEM	 images	 of	 synthesized	 iron	
nanoparticles	were	provided	with	a	10	kx	times	
magnification	 (Figure	 6)	 and	 25	 kx	 times	
magnification	 (Figure	 7).	 It	 indicates	 that	
nanoparticles	 formed	 are	 agglomerated	 due	 to	
their	 adhesive	 nature	 having	 a	 morphology	 of	
spherical	 shapes	 appearance	with	 the	 particle	
size	range	between	30-50	nm.	The	EDX	analysis	
determined	the	elemental	composition	of	FeNPs	
that	were	synthesized	using	the	aqueous	extract	
of	long	coriander	leaves	as	a	reducing	agent.	The	
EDX	 diagram	 is	 shown	 in	 Figure	 8.	 EDX	
qualification	gives	atomic	percentages	of	9.82%	
of	 iron,	 44.77%	 of	 carbon,	 41.71%	 of	 oxygen,	
0.68%	of	phosphorous,	0.97%	of	sulphur,	1.02%	
of	potassium	and	1.03%	of	calcium.	

C. XRD	analysis	of	Iron	Nanoparticles	
The	 XRD	 spectrum	 of	 synthesized	 iron	
nanoparticles	which	were	 extracted	 using	 long	
coriander	leaves	is	depicted	in	Figure	9.	The	XRD	
spectra	 display	 prominent	 peaks	 of	 24.14°,	
33.14°,	39.28°	and	40.86°	corresponding	to	the	
phase	 planes	 of	 012,	 104,	 006	 and	 113.	 These	
values	have	established	the	characteristics	of	the	
crystalline	 metallic	 iron	 phase.	 Characteristics	
peak	for	iron	nanoparticles	have	been	observed	
at	 2θ	 =	 33.14°	 (Figure	 9).	 This	 broadened	
diffraction	 peak	 suggested	 that	 the	 resultant	
nanoparticles	are	crystalline	in	nature	with	a		
	

	
	
size	 around	 43.30	 nm	 as	 calculated	 by	 the	
Scherrer	equation.	

D. FTIR	spectrum	analysis	of	iron	nanoparticles	
Figure	 10	 shows	 the	 FTIR	 spectrum	 of	 the	
synthesized	 FeNPs	 using	 long	 coriander	 leaves	
aqueous	 extract	 as	 the	 reducing	 agent.	 The	
spectrum	peak	at	3302	cm-1	corresponds	to	the	
O-H	group	of	 intermolecular	bonded	stretching	
in	 alcohol	 (Da’na,	 Taha	 and	 Afkar,	 2018).	 The	
spectrum	 broad	 peak	 at	 1622	 cm-1	 was	
attributed	 to	 the	 carbonyl	 group	 (C=O)	
(Majumdar,	Bag	and	Maity,	2013).	The	presence	
of	a	broad	peak	at	1539	cm-1	was	attributed	to	
the	 alkene	 group	 (C=C)	 (Madivoli	 et	 al.,	 2019).	
The	 formation	 of	 FeNP	 is	 characterized	 by	 a	
spectrum	peak	at	612	cm-1	which	corresponds	to	
the	 stretching	 of	 Fe-O	 bonds	 of	 iron	 oxide	
(Kumar	et	al.,	2014).	

E. UV	 Visible	 absorption	 analysis	 of	 iron	
nanoparticles	

The	UV	Visible	spectra	of	the	long	coriander	leaf	
extract	 from	 the	 green	 synthesis	 of	 FeNps	 in	
aqueous	 solutions	 were	 measured.	 The	 UV	
Visible	 spectral	 analysis	 was	 done	 within	 the	
200-800	nm	range	and	observed	the	absorption	
peaks	 at	 the	 250-295	 nm	 region	 due	 to	 the	
excitation	 of	 surface	 plasmon	 vibrations	 in	 the	
iron	 nanoparticles.	 The	 maximum	 peak	 was	
observed	 at	 272	 nm,	 which	 is	 identical	 to	 the	
characteristics	 UV	 visible	 spectrum	 of	 iron	
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Figure 10.  FTIR spectrum of the synthesized 
iron nanoparticles 

Figure 11.  UV Visible spectrum of synthesized 
iron nanoparticles 
 

nanoparticles	 and	 it	was	 recorded	 (Pattanayak	
and	 Nayak,	 2013).	 The	 room	 temperature	 UV	

Visible	 absorption	 spectrum	 of	 the	 FeNPs	
nanoparticles	is	shown	in	Figure	11.	

	

	

	

	

	 	

	

	

	
	

4. Conclusion	 
Long	 coriander	 (Eryngium	 foetidum)	 Leaf	
Extract	was	utilized	as	a	reducing	and	stabilizing	
agent	 for	 the	 synthesis	 of	 iron	 nanoparticles	
(FeNPs).	 Multiple	 characterization	 procedures	
such	 as	 SEM,	EDX,	XRD,	 FTIR	 and	UV-Vis	were	
employed	 to	 confirm	 the	 formation	 of	 FeNPs.	
The	 SEM	 imaging	 reveals	 that	 FeNPs	 tend	 to	
aggregate	into	spherical	shapes	appearance	with	
a	particle	size	range	between	30-50	nm.	The	EDX	
analysis	showed	the	presence	of	elemental	iron	
and	 indicated	 that	 the	 nanoparticles	 are	
essentially	 present	 in	 metal	 form.	 The	
characteristic	 crystalline	metallic	 iron	phase	of	
synthesized	FeNPs	was	identified	using	the	XRD	
spectrum	and	crystallite	size	around	the	size	of	
43.30	nm.	The	FTIR	spectroscopy	measurement	
was	 carried	 out	 to	 identify	 the	 possible	
functional	groups	 like	O-H,	carbonyl	 (C=O)	and	
alkene	 (C=C)	 in	 different	 peaks.	 The	 FTIR	
spectrum	 characteristic	 peak	 at	 612	 cm-1	
indicated	 the	 stretching	 of	 Fe-O	 bonds	 of	 iron	
oxide.	 Using	 the	 UV-Vis	 spectral	 analysis,	 the	
absorption	peaks	were	observed	at	the	250-295	
nm	region	and	the	maximum	peak	was	observed	
at	 272	 nm,	 which	 is	 identical	 to	 the	
characteristics	of	the	UV	visible	spectrum	of		

	

synthesized	FeNPs.	These	results	verify	that	the	
aqueous	 extract	 of	 long	 coriander	 (Eryngium	
foetidum)	leaves	can	be	used	to	synthesise	iron	
nanoparticles	 as	 a	 reducing	 agent.	 The	 green	
synthesis	method	is	a	natural,	 fast,	eco-friendly	
and	cost-effective	method	of	synthesis	of	metal	
nanoparticles.	
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Abstract:	 Kalpitiya,	 is	 an	 important	

agroecological	 region	 in	 Sri	 Lanka,	which	 has	

greatly	strengthened	the	country’s	economy	and	

food	 security.	 However,	 intensive	 farming	

practices	in	Kalpitiya	have	triggered	its	ground	

water	 depletion	 and	 pollution	 isuses.	 The	

objective	 of	 this	 study	 was	 to	 check	 the	

feasibility	 of	 a	 new	 sensor-based	 irrigation	

system	 against	 the	 prevailing	 groundwater	

depletion	and	pollution	issues	in	Kalpitiya.	The	

new	system	was	used	to	automate	a	sprinkler	kit	

by	monitoring	underground	moisture	 contents	

via	its	high-frequency	soil	water	content	sensors	

placed	at	15,	45	and	90	cm	depths.	During	the	

study,	irrigation	uniformity	and	adequacy	of	the	

automated	 sprinkler	 kit	 (T1)	 were	 compared	

over	 those	 of	 the	 sprinklers	 operated	 with	

common	 farmers’experience	 based	 (T2)	 and	

timer	 controlled	 (T3)	 irrigations.	 T2	 and	 T3	

were	 also	 provided	 with	 the	 soil	 moisture	

detection	facility	as	same	as	in	T1.	According	to	

the	results,	the	irrigation	uniformities	of	T1,	T2	

and	 T3	were	within	 an	 acceptable	 range	 (83-

88%),	but	only	T1	had	60%	irrigation	adequacy	

within	 30cm	 depth.	 Further,	 soil	 water	

telemetric	graphs	and	the	adequacy	values	also	

proved	that	deep	percolation	was	considerably	

higher	 in	 T2	 and	 T3	 over	 T1.	 The	 study	

confirmed	 that	 new	 sensor-based	 irrigation	

control	was	 capable	 in	 saving	 irrigaton	water	

and	minimizing	groundwater	leaching	through	

its	 real	 time	 soil	moisture	 sensing	mechanism.		

Thus,	 the	 new	 technique	 had	 the	 potential	 to	

used	 against	 the	 ground	 water	 depletion	 and	

pollution	issues	in	Kalpitiya.	

Keywords:	 Groundwater,	 Internet	 of	 things,	
Kalpitiya,	 Sprinkler	 irrigation	 and	 Soil	 water	
content	

1.	 Introduction	

Kalipitya	 is	a	 low-lying,	sandy	peninsula	 in	
the	Puttalam	District,	Northwestern	Province	
of	Sri	Lanka.	It	is	located	between	79°	40’	-	79°	
50’	 Eastern	 longitude	 and	 8°	 20’	 -	 8°	 90’	
Northern	 latitude.	 The	 total	 land	 area	 of	 the	
peninsula	is	about	160	km2	with	a	population	
of	 86,019.	 The	 whole	 peninsula	 is	 an	
economically	 hyperactive	 zone	 which	
hasgrately	 strengthened	 the	 country’s	
agriculture	 and	 food	 security	 (Gunawardena	
and	Pabasara,	2016).	

The	area	is	assessed	as	being	a	component	of	
the	 Dry	 Lowland	 (DL3)	 agro-ecological	 zone,	
which	 receives	 a	 median	 annual	 rainfall	 of	
about	800-900	mm	(Jayasingha	et	al.,	2011).	A	
thinner	 layer	of	 freshwater	occurs	as	 floating	
over	the	brackish	water	at	1	-	3	m	depth.	The	
sandy	 aquifer	 is	 recharged	 by	 both	 direct	
infiltrations	from	rainfall	during	the	northeast	
monsoon	and	return	 irrigation	 flows	because	
the	 soil	 is	 extremely	 permeable.	 However,	
there	 are	 no	 any	 problems	 in	 Kalpitiya	 with	
either	drainage	or	water	logging.	
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Due	to	low	water	holding	capacity,	farmers	
tend	to	irrigate	more	water	or	apply	it	at	a	very	
high	 frequency.	 However,	 the	 water	
application	 practice	 has	 caused	 a	 notable	
pollution	 in	 the	 aquifer	 with	 agricultural	
chemicals	like	nitrate	fertilizers	and	pesticide	
residues	which	are	carried	 there	 through	 the	
excess	irrigation	flows.	Jayasingha	et	al.	(2011)	
also	 reported	 that	 the	 groundwater	
contamination	with	excess	nitrates	was	much	
higher	 under	 intensively	 cultivated	 areas	 in	
Kalpitiya.	

The	main	objective	of	this	study	was	to	check	
the	 feasibility	 of	 a	 noval	 sensor-based	
irrigation	system	as	a	soil	moisture	monitoring	
and	 controlling	 mechanism	 aginst	 the	
prevailing	 groundwater	 depletion	 and	
pollution	issues	in	Kalpitiya.	Further,	the	new	
irrigation	 control	 system	 is	 enabled	 by	 the	
Internet	 of	 Things	 (IoT)	 technology,	 and	 the	
soil	 moisture	 monitoring	 mechanism	 is	
consisted	 with	 Time	 Domain	 Reflectometry	
(TDR)	 type	 moisture	 sensors	 (TEROS	 10)	
which	 can	 detect	 soil	 water	 contents	 under	
different	soil	depths	at	a	very	high	frequency.	
It	also	has	been	found	that	the	manufacturing	
cost	of	the	sensor	devices	of	the	new	irrigation	
control	system	was	significantly	far	below	than	
the	 commercially	 available	 data	 loggers,	 and	
the	 operators	 do	 not	 have	 to	 pay	 additional	
communication	subscriptions	since	LoRa	was	
used	as	 the	 IoT	 connecting	 technology	of	 the	
system	(Chamara,	2021).	

Moreover,	similar	sort	of	study	has	never	been	
done	before	in	Kalpitya,	thus,	this	would	be	an	
initiative	 to	 IoT	 based	 precise	 irrigation	
control	 practice	 in	 Kalpitiya.	 Finally,	 the	
findings	of	 this	study	would	be	greatly	useful	
for	making	decisions	and	recommendations	in	
future	precise	irrigation	practices	in	Kalpitiya	
as	well.	

2.	Materials	and	Methods	

A. 	Experimental	Duration	and	Location	

The	 research	 was	 conducted	 in	 the	
experimental	 fields	 of	 Kandakuliya	 research	
station,	Kalpitiya	for	the	period	of	six	months	
starting	from	October,	2021	to	April,	2022.		

B. Main	Treatments	

A	 soil	 moisture	 sensor	 unit	 was	 used	 to	
automate	 a	 sprinkler	 irrigation	 kit	 (T1).	 The	
sprinkler	 kit	 consisted	 with	 four	 sprinkler	
heads,	and	spacing	between	the	sprinklers	was	
4	×	4	m.	The	 soil	moisture	 sensor	unit	had	a	
moisture	sensor	network	buried	at	15,	45	and	
70	cm	depths	to	detect	underground	soil	water	
contents.There	were	 similar	 sprinkler	 kits	 as	
in	 T1	 to	 practice	 farmers’	 experience	 based	
(T2)	and	timer	controlled	(T3)	irrigations.		T2	
and	T3	were	also	provided	with	the	same	soil	
moisture	sensor	units	with	the	sensor	network	
as	 described	 in	 T1,	 but	 the	 two	 sensor	 units	
weren’t	 enabled	 with	 the	 irrigation	 control	
function.	According	to	the	main	treatments,	the	
sprinkler	kits	were	operated	seperately	using	
a	same	water	pump	(2	hp)	and	the	operational	
pressure	in	evey	sprinkler	kit	was	maintained	
as	0.75	bars.		

C. Soil	Moisture	Sensor	Unit	

The	 soil	moisture	 sensor	 unit	was	 built	 on	 a	
ARDUINO	MKR1310	 development	 board	 and	
powered	using	a	1500	mA	rechargeable	solar	
battery	as	 specified	 in	Chamara	 (2021).	Each	
sensor	 unit	 had	 three	 TDR	 type	 moisture	
sensors	which	were	 capable	 in	 detecting	 soil	
water	contents	every	two	and	half	minutes	at	
the	depths	of	15,	45	and	75	cm.	Then	soil	water	
content	 data	 were	 first	 transmitted	 into	 the	
LoRa	 gateway	 and	 then	 farwarded	 into	 the	
ThingSpeak	 IoT	 platform	where	 the	 received	
data	were	stored,	analyzed,	and	visualized.	The	
platform	was	also	used	to	generate	on	and	off	
signals	only	to	the	sensor	unit	which	was	used	
to	automate	the	sprinklers	(T1),	and	the	signal	
generation	was	done	based	on	predetermined	
parameters	relevant	to	soil	moisture	status	of	
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the	experimental	site	as	described	by	Chamara	
(2021).	

D. Irrigation	 Specifications	 for	 different	

Treatments	

T1	 was	 always	 operated	 based	 on	 available	
water	 content	 of	 the	 soil.	 The	 difference	
between	 field	 capacity	 (qfc)	 and	wilting	point	
(qwp)	was	taken	as	the	available	water	content,	
and	 during	 the	 study	qfc	 and	 qwp	 were	 taken	
relavant	to	a	sandy	soil	where	qfc	and	qwp	were	
0.17	and	0.09	m/m	respectively	(Baker	et	al.,	
2017).	 T2	 irrigation	 was	 done	 based	 on	 the	
farmers’experience	 on	 irrigation	 where	 the	
routine	 practice	 was	 to	 irrigate	 during	
morning	(6	–	8	a.m.),	mid	day	(12	–	2	p.m.)	and	
evening	 (5	–	6	p.m.)	 for	 a	period	of	15	 to	20	
minutes,	 but	 only	 on	 very	 hot	 days,	 an	
additional	 irrigation	 which	 was	 not	 longer	
than	15	minutes	was	done	in	between	morning	
and	mid	 day	 (10	 –	 11	 a.m.)	 times.	 In	 T3	 the	
timer	was	used	to	schedule	irrigation	as	three	
times	 per	 day	 each	 having	 a	 duration	 of	 10	
minutes.	

E. Metrological	Observations	

During	the	period	of	study	(on	the	month	of	
March,	 2022)	 humidity,	 max.	 temperature,	
wind	 speed,	 and	 evaporation	 around	 the	
experimental	 plots	 were	 recorded	 twice	 per	
day,	in	morning	and	evening.			

F. Sprinkler	 Distribution	 Uniformity	 and	

Christiansen	Uniformity	Coefficient	

Catch	can	tests	were	performed	to	measure	
the	 uniformity	 of	 each	 treatment.	 The	 catch	
cans	 were	 placed	 in	 a	 grid	 having	 0.5m	
distance	between	the	grid	pairs.	Sprinkler	kits	
of	 different	 treatments	were	 	 operated	 for	 5	
minutes	 at	 0.75	 bar	 pressure	 and	 the	 water	
was	allowed	to	fall	on	the	cans.	Then	the	water	
height	 of	 every	 can	 was	measured.	 For	 each	
sprinkler	kit	the	test	was	repeated	three	times.	
Based	 on	 the	 can	water	 heights,	 distribution	
uniformity	 (DU)	 and	 Christiansen	 uniformity	

coefficient	 (CU)	 were	 calculated	 for	 each	
treatment	 using	 the	 equations	 1	 and	 2	
respectively	as	given	by	Baker	et	al.	(2017).	

	

!" = !!"
!#
	 --------			Equation	1	

$" = 100	 ×	)∑ |!$#!#|
$!#

$
%&' +		--------			Equation	

2	

Where;	

dLQ	 =	Ave.	low	quarter	depth	of	infiltrated	
water	

dz	 =	 Mean	 infiltrated	 depth	 for	 all	
observations	

di	 =	Depth	of	the	observation	i	

n	 =	Number	of	observations	

G. Irrigation	Distribution	

The	water	heights	of	different	cans	obtained	
from	the	catch	can	test	were	plotted	on	a	scaled	
grid	to	draw	water	distribution	maps	for	each	
treatment.	

H. Ground	Water	Distribution	

During	the	study	period,	 in	each	treatment	
the	 underground	 soil	 water	 contents	 were	
monitored	every	two	and	half	minutes	by	the	
soil	moisture	sensors	placed	at	15,	45	and	75	
cm		depths	and	stoted	in	the	ThingSpeak	web	
platform.	 The	 soil	 water	 contents	 were	
dowloded	and	plotted	aginst	time	(days)	using	
MS	Excel	to	develop	telemetry	graphs.	

I. dequacy of Irrigation 

The adequacy of irrigation was determined for 
each treatmet using graphs which were drawn 
using infiltration depths and fraction of field area. 
The infiltration depths were calculated from the 
data obtained from the catch can tests. 

 

3. Results	and	Discussion	 
A. Weather Conditions 
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During the study, humidity, maximum 
temperature, and evaporation ranges were 79 -
72%, 32 – 34 °C and 5 – 5.6 mm/day respectively 
(Table 1). Wind speed notably fluctuated between 
4.9 and 8.8 km/h.  
 

Table 1. Metrological Data 

Parameter 
Dates on March, 2022 
1

8 
1

9 
2

0 
2

1 
2

2 
2

3 
Humidity  
(%) 

7
9 

7
8 

7
2 

7
2 

7
2 

7
2 

Temperature 
[Max.] (°C) 

3
4 

3
4 

3
4 

3
4 

3
2 

3
3 

Evaporation 
(mm/day) 

5
.2 

5
.6 

5
.4 

5
.0 

5
.2 

5
.4 

Wind speed 
(km/h) 

4
.9 

7
.5 

8
.8 

7
.2 

8
.7 

7
.4 

 
	

	

A. Application Uniformity  

 The sprinkler uniformity (DU and CU) data are 
given in Table 2. It was found that DU ranged 
from 0.72 to 0.79 while CU ranged between 83 to 
88%. The data revealed that all three sprinkler kits 
had an almost equal uniformity. However, there 
were mere uniformity differences among the 
treatments mainly because of the effect of wind 
speed.  
 
 
 
 
 
 

 
Table	2.	 Sprinkler	 application	uniformities	 of	
different	treatments	

	

 
Irrigation distribution maps of T1, T2, and T3 
were given in figure 1, 2 and 3 respectively. The 
maps were plotted based on the results of the catch 
can tests. Those tests were done when the wind 
was unnocitable but it was hard to neglect that the 
overall effect of wind on the tests as zero. The 
maps followed the normal sprinkler distribution 
patterns where the highest irrigation depths were 
found at the center while the lowest depths  
 
 
 
 
 
 

Treatment DU CU (%) 
T1 0.72 83.84 
T2 0.79 87.38 
T3 0.73 83.84 

   

Figure 2. Irrigation Distribution Map of T2 
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occurred near the corners In Kalpitiya, the top soil 
roughly deepens into a depth of 30 cm and it 
mainly has sandy soil. If qfc, qwp and the 
maximum allowable fractional depletion (fdc) of 
the top soil are 0.17 m/m, 0.09 m/m and 0.5 
respectively, the depth of irrigation is 12 mm 
[((0.17 – 0.09) × 0.5) × 30 cm]. Further, this 
means that when soil water content drops into a 
value of 0.13 m/m, irrigation depth of 12 mm is 
required to bring it back to the field capacity. This 
estimated irrigation depth in the experimental 
plots highlited that water was deep percolated at 
the center of each plot as the maps of all three 
treatments clearly showed higher irrigatin depths 
over 12 mm closer to the center. Further, the 
irrigation distribution maps clearly explaind that 
in order to avoid capturing of either a too low or 
too high reading it was possible to burry the soil 
moisture sensors at one forth length of the 
diagonal away from either corner of the plot.  
 

	

B. Ground Water Distribution 

The soil water content (SWC) telemetric data 
given in figure 4, 5 and 6 showed the ground water 
distribution at 15, 45 and 75cm depths in each 
treatment over the period of 5 days starting from 
18th to 23rd March, 2022.  
 
The peaks indicated the beginning of irrigations 
in different treatments. A single peak was 
recorded daily in T1 while three peaks were 
noticed daily in T2. In Kalpitiya, sandy loam soil 

is dominant in between 30 and 90 cm depths, and 
qfc and qwp of sandy loam soil are 0.14 and 0.05 
m/m respectively (Baker et al., 2017). However, 
T3 did not record noticeable peaks, but the data 

confirmed that the underground soil water 
contents in  T3 at all three depths were within a 
range between field capacity and wilting point.  In 
T2 and T3,  always 15 cm depth first reached to a 
peak in soil water contents and then 45 and 75 cm 
depths orderly reached into the peaks. In all three 
treatments, at the depths of 15 cm, soil water 
contents rapidly passed the field capacity (0.17 
m/m) as expected because the sensors were 
installed at the center of each plot where the deep 
percolation was possible at a greater extent as 
given in the  irrigation distribution maps. 
However, only in T1, both 45 and 75 cm depths 
did not always reach to the field capacity (0.14 
m/m) as the over irrigation was greatly limited by 
the automated irrigation control.   
 
D. Adequacy of Irrigation 
Adequacy	 of	 irrigation	 (AI)	 explains	whether	
an	 irrigated	 field	 receives	 desired	 amount	 of	
water	or	more.	In	order	to	determine	AI	for	all	
three	 treatments,	 the	 average	 catch	 can	 test	
values	 were	 plotted	 aginst	 	 fraction	 of	 land	
area	as	given	in	Figure	7.	The	required	depth	of	
12	mm	in	Figure	7	was	calculated	for	the	30	cm	
sand	 top	 soil	 when	 the	 maximum	 allowable	
fractional	depletion	(fdc)	was	0.5.	According	to	
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Figure 5. SWC telemetry data of T2 
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the	graph,	both	T2	and	T3	irrigation	practices	
caused	deep	percolation	beyond	 the	depth	of	
30	 cm,	 while	 T1	 maintained	 around	 60%	
adequacy	of	irrigation.	Further,	the	graph	also	
revealed	 that	 water	 use	 was	 limited	 to	 a	
greater	extent	in	T1	than	T2	and	T3.	This	also	
in	 line	 with	 the	 findings	 of	 Eisenhauer	 et	 al.	
(2021)	which	stated	that	automated	sprinkler	
control	had	greater	water	use	efficiency	over	
the	manual	control	

	

4. Discussion	
	The	study	confirmed	that	new	sensor	based	
irrigation	control	unit	was	capable	in	saving	
irrigaton	water	and	minimizing	groundwater	
leaching	through	its	real	time	soil	moisture	
sensing	mechanism.		Thus,	the	new	technique	
has	the	potential	to	be	used	against	the	
ground	water	depletion	and	pollution	issues	
in	Kalpitiya.		
	
However,	 the	 final	 result	 of	 the	 study	would	
have	been	somewhat	different	if	the	irrigation	
automation	had	been	done	on	a	cropping	field	
with	 a	 great	 care	 to	 some	 groundwater	
parameters.	 Thus,	 before	 making	 final	
recommendations,	 the	 study	 has	 to	 be	
repeated	on	 a	 cropping	 field	 by	paying	more	
attention	 to	 crop	 growth	 and	 groundwater	
characters. 
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Abstract:	The	 cloud	 is	 a	 very	well-known	and	
accepted	 data	 storage	 that	 provides	 many	

benefits	 to	 users	with	 a	 pay-as-you-go	 pricing	

model,	 even	 providing	 storage	 solutions	 for	

massive	amounts	of	data.	Many	users	nowadays	

use	different	cloud	services,	mainly	because	the	

data	 can	 be	 accessed	 from	 anywhere	 via	 the	

internet.	The	cloud	servers	are	located	all	over	

the	 world	 storing	 massive	 amounts	 of	 data.	

When	 a	 user	 uploads	 or	 downloads	 from	 the	

cloud	server,	the	data	is	exposed	to	the	internet.	

This	 can	 lead	 to	 security	 issues	 such	 as	

unauthorized	disclosure	of	data	and	the	privacy	

of	 users	 if	 the	 data	 is	 not	 properly	 protected.	

Many	 cryptographic	 algorithms	 are	 used	 to	

secure	 data	 transformation	 in	 the	 cloud.	 The	

proposed	system	 is	designed	 to	offer	a	method	

for	 properly	 securing	 data	 when	 transferring	

them	 to	 the	 cloud,	 utilizing	 various	

cryptographic	techniques,	and	integrating	them	

most	 innovatively	 and	 effectively	 considering	

the	 security,	 data	 integrity,	 speed,	 and	 data	

confidentiality.	 The	 data	 is	 encrypted	 using	 a	

combination	 of	 three	 algorithms	 namely	 AES,	

ECC,	and	RSA	by	 increasing	 the	security	of	 the	

data.	The	keys	generated	by	the	ECC	and	RSA	are	

combined	using	an	Exclusive	OR	gate.	The	AES	

key	is	uploaded	into	the	key	management	server	

after	 being	 encrypted	 by	 the	 newly	 generated	

key.	 The	 data	 encrypted	 by	 the	 AES	 key	 are	

uploaded	 into	the	cloud	storage.	The	proposed	

system	 is	 intended	 to	 distinguish	 the	 features	

and	functionalities	to	overcome	the	drawbacks	

of	the	current	systems.	

	

Keywords:	 RSA,	 ECC	 (Elliptic	 Curve	

Cryptography),	 AES,	 Cloud,	 Key	 Management	

Server	

1. Introduction		
Cloud	computing	is	described	as	the	delivery	of	
computing	 services	 over	 the	 internet.	 The	
difference	in	cloud	computing	is,	that	the	PC	is	
in	 a	 cloud	 provider’s	 data	 center	 instead	 of	
physically,	 and	 it	 provides	 services	 such	 as	
data	 storage,	 security,	 networking,	 software	
applications,	and	business	intelligence	via	the	
internet.	In	Cloud	Computing,	a	cloud	vendor	is	
responsible	 for	 the	 hardware	 purchase	 and	
maintenance.	 Unlike	 traditional	 storage	
systems,	 you	 can	 access	 your	 data	 and	
information	 stored	 in	 the	 cloud	 at	 anytime	
from	anywhere	on	any	device.	Hence,	the	data	
stored	on	 the	cloud	has	 the	 following	 threats	
when	storing	and	retrieving	data.		

A. Data	 breaches	 can	 occur	 while	
revealing	 sensitive	 customer	
information,	intellectual	property,	and	
trade	 secrets.	 Expose	 one’s	 sensitive	
data	 by	 listening	 to	 the	 activity	 of	 a	
user	on	one	virtual	machine	signaling	
the	 arrival	 of	 an	 encryption	 key	 on	
another	VM	on	the	same	host.	

B. The	data	stored	at	different	locations	
increase	 the	 risk	 of	 unauthorized	
physical	access	to	the	data.		

C. Sharing	the	data	storage	with	multiple	
users	increases	access	to	your	private	
information.	

D. Denial	 of	 Service	 attacks	 and	
Distributed	Denial	of	Service	attacks.	
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E. The	 data	 is	 exposed	 to	 the	 internet	
when	traveling	over	several	networks	
leading	 to	 security	 issues	 such	 as	
unauthorized	 disclosure	 of	 data	 and	
privacy	of	users.	
	

With	 the	 evolution	 of	 networking,	 both	
Asymmetric	and	Symmetric	algorithms	has	the	
ability	to	secure	the	data	transformation	of	the	
cloud	using	various	 techniques.	ECC	and	RSA	
are	two	Asymmetric	cryptographic	algorithms	
that	 are	 most	 widely	 accepted	 and	 used	 to	
secure	 the	 data	 transformation	 in	 the	 cloud.	
AES	 is	 a	 Symmetric	 cryptographic	 algorithm	
that	is	used	to	encrypt	a	large	volume	of	data	
easily.		

Securing	the	data	transformation	in	the	cloud	
is	helpful	to	protect	one’s	data	and	save	time	as	
the	data	is	one	of	the	most	important	things	for	
people	 as	 the	 damages	 and	 threats	 that	 can	
happen	to	the	data	in	the	cloud	are	dangerous	

2. Background		
	
A. Cryptography	

The	 invention	 and	 study	 of	 protocols	 that	
prevent	 the	 public	 or	 third	 parties	 from	
accessing	 private	 messages	 are	 known	 as	
cryptography.	Various	 aspects	of	 information	
security,	 such	 as	 data	 confidentiality,	 data	
integrity,	 authentication,	 and	 non-denial,	 are	
central	 to	 modern	 cryptography.	 It	 can	 be	
described	 as	 a	 method	 of	 storing	 and	
transmitting	data	 in	a	particular	 form	so	that	
only	 those	 who	 have	 the	 right	 can	 read	 and	
process	it.	Cryptography	can	be	used	for	user	
authentication	 in	 addition	 to	 securing	 data	
against	 theft	 and	 modification.	 This	 protects	
sensitive	 information	 from	 disclosure	 while	
identifying	 the	 corruption	 and	 unauthorized	
change	of	information.	
	
B. Symmetric	Cryptography	and	Asymmetric	

Cryptography	

Symmetric	 encryption	 is	 a	 form	 of	 data	
encryption	that	requires	only	one	key(secret)	
for	 both	 encryption	 and	 decryption.	
Asymmetric	 encryption	 or	 public	 key	
encryption	 is	 a	 form	 of	 data	 encryption	 that	
requires	 two	 separate	 keys,	 private(secret)	
and	public.	These	two	keys	are	mathematically	
Connected.	 The	 public	 key	 is	 used	 to	
authenticate	digital	signatures	or	encrypt	plain	
text,	 and	 the	 private	 key	 is	 used	 to	 decipher	
cipher	text	or	create	a	digital	signature.	
	
C. RSA	Cryptography	

RSA	was	developed	in	1977	by	Ron	Rivest,	Adi	
Shamir,	 and	 Len	 Adleman	 at	 MIT	 and	 first	
published	 in	 1978.	 The	 Rivest-Shamir-
Adleman	 (RSA)	 is	 the	 most	 widely	 accepted	
and	used	public	key	cryptographic	algorithm.	
This	 can	 be	 used	 for	 encryption	 and	
decryption,	 digital	 signatures,	 and	 for	 key	
exchanges.	The	plaintext	and	ciphertext	of	the	
block	cipher	RSA	are	both	integers.	
	
RSA	 algorithm	 involves	 three	 steps	 key	
generation,	 encryption,	 and	 decryption.	 Key	
generation	 is	 used	 to	 generate	 two	 keys	 the	
public	 key	 and	 the	 private	 key	 before	 the	
encryption	 takes	 place.	 The	 public	 key,	
accessible	 to	 anyone	 is	 used	 to	 encrypt	 the	
message	and	send	it	to	a	public	channel.	While	
the	private	key	also	known	as	the	secret	key	is	
used	to	decrypt	the	message.	The	private	key	is	
only	 accessible	 by	 an	 authorized	 person	 ECC	
(Elliptic	Curve	Cryptography)	

Elliptic	curve	cryptography	(ECC)	is	one	of	the	

public	key	cryptographic	schemes	which	uses	

 

Figure.  1. RSA Cryptography 
treatments 



	

	 	   
    

63	
 

the	 characteristics	 of	 an	 elliptical	 curve	 to	
create	 Cryptographic	 calculations.	 ECC	 fully	
depends	on	the	mathematical	background.	ECC	
requires	far	fewer	and	smaller	parameters	for	
encryption	and	decryption	when	compared	to	
RSA.	 Other	 than	 traditional	 methods	 of	
generating	 keys	 as	 a	 product	 of	 very	 large	
prime	numbers,	the	ECC	uses	properties	of	the	
elliptic	 curve	 equation.	 It	 is	 widely	 used	 for	
mobile	applications	as	the	ECC	helps	to	achieve	
the	same	security	with	less	computing	power	
and	battery	resource	usage.		
Elliptic	Curve	
An	 elliptic	 curve	 is	 represented	 as	 a	 looping	
line	 that	 intersects	 two	 axes.	 This	 can	 be	
generated	by	using	a	binary	
curve.	 The	 structure	 of	 the	 binary	 can	 be	
represented	by	the	
following	equation.	(E,	et	al.,	2019)	

,( =	-)	 + /- + 0		
‘a’	 and	 ‘b’	 are	 the	 constants	 that	 is	 used	 to	
define	 the	 curve	 while	 ‘x’	 and	 ‘y’	 are	 the	
standard	variables	that	are	used	to	define	the	
function	

The	 table	 1	 represents	 the	 key	 length	 of	
symmetric,	RSA	and	ECC	algorithms.	
	

3. Realated	Work	
This	 section	 deals	 with	 the	 vast	 amount	 of	
research	 that	 depicts	 the	 evolution	 and	
development	 of	 cryptographic	 algorithms	 in	
different	ways	to	secure	data	transformation	in	
the	cloud.	
The	 researchers	 (Parsi	 &	 Sudha,	 2012)	 have	
proposed	 a	method	 to	 secure	 the	data	 in	 the	
cloud	 by	 implementing	 the	 RSA	 algorithm.	
User	data	has	been	encrypted	first	and	stored	
in	 the	 cloud,	when	 the	user	places	 a	 request,	
the	cloud	provider	authenticates	the	user	and	
gives	 the	 data	 while	 providing	 the	 access	 to	
only	 authorized	 users.	 The	 user	 can	 decrypt	
the	 data	with	 the	 corresponding	 private	 key.	
Even	 if	 an	 unauthorized	 person	 accesses	 the	

data,	 they	are	unable	to	decrypt	the	data	and	
retrieve	the	original	data.		
	
The	 system	 proposed	 by	 (Ravi	 &	 Suresha,	
2013)	provides	greater	security	services	such	
as	confidentiality	in	the	cloud	by	using	an	ECC	
algorithm	 that	 contains	 advantages	 like	
smaller	 key	 sizes,	 less	 memory	 usage,	 and	
lower	 CPU	 time	 instead	 of	 using	 RSA	 for	
encryption.	The	researchers	have	used	elliptic	
curve	 theory	 to	 create	 smaller,	 faster,	 and	
more	 efficient	 cryptographic	 keys	 and	
generate	 keys	 through	 the	 characteristics	 of	
the	elliptic	curve	equation.	
	
The	 research	 (S	 &	 A,	 2017)	 has	 proposed	 a	
system	to	secure	cloud	storage	using	the	ECC	
algorithm	for	encryption	and	decryption.	The	
user	is	provided	with	a	password,	verification	
sign,	 and	 security	 level	 questions	 when	 he	
requests	the	cloud	service	provider	to	store	a	
file	 in	 the	 cloud.	 The	 cloud	 service	 provider	
examines	the	data	and	encrypts	and	stores	the	
data	in	the	cloud	server.	When	the	user	wants	
to	access	the	data,	 the	cloud	service	provider	
will	decrypt	the	file	and	give	it	back	to	the	user	
after	the	verification	process.	The	researchers	
have	 depicted	 that	 the	 ECC	 algorithms	 for	
encryption	 are	 way	 better	 than	 when	
compared	with	the	AES.	
	
The	research	done	by	(Nikita	,	et	al.,	2016)	has	
created	a	way	to	secure	the	cloud	and	data	in	
cloud	 computing	 by	 using	 digital	 signatures	
and	 encryption	 with	 elliptic	 curve	
cryptography	(ECC)	as	it	provides	a	way	better	
security	as	well	as	efficient	performance	than	
other	 public-key	 cryptographic	 techniques	
while	providing	the	same	level	of	security	with	
less	key	size.		Partitioning	the	private	key	and	
storing	 them	 in	 three	 different	 storage	
locations	 are	 the	 main	 objectives	 that	 have	
been	 focused	 in	 this	 paper	 to	 improve	 the	
security	to	authenticate	the	user’s	data,	hence	
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it	is	difficult	for	the	attacker	to	find	the	original	
private	key.	
	
The	 research	 done	 by	 (Varma,	 2018)	 has	
explored	 the	 roles	 of	 ECC,	 RSA,	 and	 Diffie-
Hellman	algorithms	in	network	security	and	in	
their	 applications	 in	 the	 industry	 through	 an	
analysis	of	its	ubiquity	in	Secure	Shell,	Bitcoin	
along	 with	 the	 transport	 layer	 security.	 The	
study	has	depicted	 that	ECC,	RSA,	 and	Diffie-
Hellman	algorithms	provide	benefits	as	well	as	
disadvantages	in	network	security.	
	
The	 study	 (Manju	 ,	 et	 al.,	 2016)	 has	 exposed	
data	 transference	 architecture	 for	 cloud	
computing	 using	 cryptography	 algorithms.	
The	 proposed	 system	 contains	 3	 basic	 steps,	
user	 identification	 and	 verification,	 secure	
data	upload,	and	secure	data	transmission.	The	
identification	and	verification	process	happens	
using	the	biometric	technique.	The	second	step	
is	achieved	using	hashing	and	an	efficient	RSA	
technique.	 The	 data	 transmission	 happens	
with	 the	 help	 of	 the	 3DES	 algorithm	 as	 the	
attacks	that	can	occur	with	3DES	are	less	than	
compared	 with	 the	 DES	 algorithm.	 Even	
though	the	proposed	system	provides	a	highly	
secure	 environment,	 the	 researchers	 have	
described	the	hybrid	encryption	algorithm	will	
be	 best	 in	 the	 near	 future	 to	 secure	 data	
transformation	 in	 the	 cloud	 as	 cloud	
computing	will	be	the	next	IT	revolution.	
	
Another	 system	proposed	by	 (E,	 et	 al.,	 2019)	
has	 created	 three	 levels	 of	 key	 for	 the	
cryptography	to	avoid	the	GCD	attack	that	can	
happen	in	RSA.	The	private	key	and	public	key	
of	both	RSA	and	ECC	have	been	combined	 to	
generate	 a	 hybrid	 private	 and	 hybrid	 public	
key	 using	 an	 Exclusive	 OR	 to	 avoid	 the	
drawbacks	 of	 RSA	 algorithm	 such	 as	 GCD	
attack.	Hence,	 the	RSA	encryption	 is	done	by	
using	 the	 new	 hybrid	 public	 key	 and	 RSA	
decryption	 is	 done	 by	 using	 the	 new	 hybrid	
private	 key	 providing	 a	 higher	 key	 strength	

than	 a	 simple	 key	 generation	 of	 the	 RSA	
algorithm.	This	research	has	exposed	the	fact	
that	the	combination	of	RSA-ECC	gives	the	best	
results	when	compared	to	the	RSA	algorithm.	
	
The	research	done	by	 (XiaoChun	 ,	 et	al.,	n.d.)	
has	 proposed	 3	 cloud	 data	 storage	 models	
secure	data	backup,	secure	data	sharing	one	to	
many	 and	 secure	data	 sharing	 one	 to	 one	by	
assuming	that	each	user	has	two	parts	of	data	
as	private	data	and	shared	data;	users’	private	
and	sensitive	data	is	stored	in	the	private	data	
part	 while	 the	 data	 that	 can	 be	 shared	 with	
authenticated	 users	 are	 stored	 in	 the	 shared	
data	 part.	 The	 data	 is	 encrypted	 before	
uploading	 to	 the	 cloud	 using	 Symmetric	
cryptography	 algorithms	 while	 generating	 a	
key	 for	each	data	 separately.	The	 integrity	of	
the	data	is	verified	using	the	Hash	of	the	data.	
Hence,	 these	 cloud	 data	 storage	 models	
provide	cryptographic	solutions	to	ensure	that	
the	users	can	share	data	and	store	data	in	the	
cloud	with	much	security	and	efficiency.	They	
have	applied	ECC	to	achieve	low	computation	
and	communication	costs	with	a	less	key	size	
to	 provide	 the	 same	 level	 of	 security	 as	 RSA	
making	the	scheme	more	efficient.	
	
The	 research	 (K,	 et	 al.,	 2021)	 has	 used	 a	
technique	called	double	encryption	to	increase	
the	 security	 level	 of	 data	 in	 cloud	 storage.	 In	
this	 system,	 the	 file	 is	 encrypted	 twice	 using	
two	 algorithms,	 AES	 and	 RSA	 one	 after	 the	
other.	When	the	user	uploads	a	file,	first	the	file	
is	encrypted	using	AES	generating	the	AES	key	
and	then	by	RSA	algorithm	generating	the	RSA	
key.	 A	 user	 needs	 to	 request	 the	 owner	 to	
download	a	file	from	the	cloud.	The	owner	has	
to	send	the	corresponding	key	via	email	to	the	
requested	 user.	 The	 researchers	 have	 stated	
the	fact	that	this	method	provides	high	security	
with	 endurance	 against	 propagation	 errors	
while	 providing	 less	 runtime	 compared	 to	
other	existing	algorithms.	Hence,	the	proposed	
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system	 is	 a	 secure	 and	 cost-effective	method	
for	the	protection	of	data	in	cloud	services.	
	
The	 researchers	 (Nagasai	 &	 Supriya	 ,	 2018	 )	
have	proposed	methods	to	secure	data	 in	the	
cloud	 using	 AES,	 One	 Time	 Pad,	 and	 AES	
cryptographic	 algorithms.	 The	 study	 has	
exposed	 the	 Time	 and	 Space	 complexities	 of	
three	 hybrid	models,	 RSA	 and	 AES,	 RSA	 and	
OTP,	and	RSA	and	OTP	with	variations,	and	has	
concluded	 that	 OTP	 with	 variation	 and	 RSA	
have	 lesser	 complexity	 (220ms)	 and	 are	 not	
easily	 attacked	 when	 compared	 with	 other	
hybrid	models.				
	
Another	 system	proposed	by	 (Z	&	MARRAKI,	
2018)	 has	 created	 an	 architecture	 for	 inter-
cloud	data	sharing	to	secure	data	stored	in	the	
cloud	 with	 encryption	 and	 decryption	
algorithms.	The	file	which	needs	to	be	stored	in	
the	cloud	is	encrypted	using	the	AES	algorithm	
while	the	AES	key	is	encrypted	using	the	RSA	
algorithm	and	stored	in	the	intern	server.	The	
user	can	download	the	data	using	the	AES	key	
after	decrypting	using	the	RSA	algorithm.		
	

Symmetric	
Key	Length	

RSA	Key	
Length	

ECC	
Key	

Length	

80	 1024	 160	

112	 2048	 224	

128	 3072	 256	

192	 7680	 384	

256	 15360	 512	

	

The	 research	 (Ming-quan	 &	 Peng-yu	 ,	 2016)	
has	 proposed	 ECC	 based	 homomorphic	
encryption	method	 to	 reduce	 communication	
and	computation	costs	 for	privacy	protection	
of	the	cloud.	They	have	concluded	this	method	

achieves	 better	 efficiency	 when	 compared	
with	RSA	and	Paillier	encryption	algorithm.	

4. Methadology	
The	main	importance	of	this	study	is	to	provide	
an	 efficient	method	 to	 secure	 the	 data	when	
they	are	 transferred	 to	 the	cloud.	The	data	 is	
encrypted	 using	 a	 combination	 of	 three	
effective	algorithms	by	increasing	the	security	
of	 the	 data.	 And,	 the	 generated	 key	 will	 be	
stored	 in	 another	 file	 and	will	 be	 sent	 to	 the	
cloud	Key	Management	Server.	Even	to	reduce	
to	 risk	of	data	disclosure	 if	 an	 attacker	 gains	
full	access	to	the	system,	the	key	which	is	used	
to	encrypt	the	data	is	being	encrypted	using	a	
combination	 of	 another	 two	 algorithms.	 The	
two	 algorithms	 are	 combined	 using	 an	
Exclusive	OR	gate	and	generate	a	new	hybrid	
key.	

Fig	2.	Combination	of	two	algorithms	using	

XOR	Gate	

The	system	design	is	done	by	diving	the	whole	
system	into	two	parts	to	secure	the	data	and	to	
secure	the	key.	
A. Secure	the	key		

	

	

	

	

	

	

	

	

Table 1. Comparison of Symmetric, 
RSA and ECC key length 
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	Fig	3.	Secure	the	key	
Combine	 two	 algorithms	 to	 generate	 a	 new	
hybrid	public	and	hybrid	private	key.	ECC	and	
RSA	algorithms	are	used	to	generate	the	new	
hybrid	 key.	 The	 private	 key	 of	 both	 ECC	 and	
RSA	algorithms	are	used	to	generate	the	new	
hybrid	private	key	and	the	public	key	of	both	
RSA	and	ECC	algorithms	are	used	to	generate	
the	new	hybrid	public	key.	The	hybrid	keys	are	
saved	 in	 the	 system,	 so	 unauthorized	 users	
cannot	access	the	hybrid	keys	without	correct	
credentials.		
The	 hybrid	 public	 key	 is	 used	 to	 encrypt	 the	
AES	 key	 which	 is	 used	 the	 encrypt	 the	 data	
while	the	hybrid	private	key	is	used	to	decrypt	
the	 encrypted	 AES	 key.	 Then	 the	 encrypted	
AES	 key	 is	 uploaded	 into	 the	 Cloud	 Key	
Management	Server.	Even	if	an	attacker	gains	
access	to	the	AES	key,	as	it	is	being	encrypted,	
unauthorized	 users	 cannot	 even	 decrypt	 the	
key	in	order	to	access	the	data.	
B. Secure	the	data	

First,	 the	 file	 is	 encrypted	 using	 the	AES	 key	
and	it	is	stored	in	the	cloud	with	the	encrypted	
AES	key.	When	an	authorized	user	accesses	the	
file	he	cannot	decrypt	the	file	without	the	AES	
key.	 To	 do	 that,	 he	 wants	 to	 access	 the	 key	
management	server	or	the	place	where	the	key	
is	stored.	As	the	AES	key	is	encrypted	with	the	
hybrid	key,	even	though	an	attacker	received	
the	AES	key,	he	won’t	be	able	to	decrypt	the	key	
and	gains	access	to	the	data.	So,	the	user	data	
is	 fully	 protected	 through	 the	 system	 even	 if	
the	 attacker	 gains	 full	 access	 to	 the	 cloud	
storage.	

	
5. Discussion		

Fig	4.	Secure	the	data	
Data	 transformation	 in	 the	 cloud	 can	 be	
secured	 using	 various	 cryptographic	
algorithms	 with	 different	 techniques.		
According	 to	 the	 researches,	 the	mainly	used	
and	 effective	 techniques	 for	 secure	 data	
transformation	in	the	cloud	are	as	follows:																						

A. Use	of	ECC	algorithm.	
B. Use	Double	Encryption.	
C. Use	of	RSA	algorithm.	
D. Hybrid	key	generation	 																																																											

Key	 generation	 time,	 execution	 time,	 and	
security	 of	 data	 are	 the	 main	 characteristics	
that	 are	used	 to	 evaluate	 the	performance	of	
cryptographic	algorithms.		
	
A.	Use	of	ECC	and	RSA	algorithm	

The	 table	 1	 shows	 the	 RSA	 and	 ECC	
comparable	 key	 sizes	 with	 corresponding	
Security	levels.	
	
The	 main	 advantage	 that	 nowadays	 most	
people	are	using	the	ECC	algorithm	is	that	less	
key	 size.	 According	 to	 table	 1,	 it	 can	 be	 seen	
that	a	160-bit	key	is	equivalent	to	the	1024-bit	
key	in	RSA.	(Ariffin	&	Mahad,	2012)	
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Table	1.	Comparison	of	RSA	and	ECC	

Parameters	 ECC	 RSA	

Key	generation	 Faster	 Slower	

Execution	time	 Faster	than	
RSA	

Slower	
than	ECC	

Security	 High	 High	

	
Table	2	shows	that	the	key	generation	time	is	
fast	 in	 ECC.	 In	 both	 ECC	 and	 RSA	 the	 key	
generation	time	is	somewhat	equal	for	smaller	
key	 sizes.	 But	when	 the	 key	 size	 grows,	 RSA	
takes	much	amount	while	ECC	remains	almost	
the	same.	ECC	provides	 faster	execution	 time	
for	 smaller	 key	 sizes	 while	 RSA	 takes	 much	
time	as	it	uses	higher	key	sizes.	
	
B.	Use	Double	encryption	

Double	encryption	 is	mainly	used	 to	 increase	
the	security	of	the	system.	Two	algorithms	are	
used	one	after	the	other.	The	data	is	encrypted	
first	using	one	algorithm	and	then	again	by	the	
second	encryption	algorithm.	

Table	2.	Time	Complexities	of	Hybrid	Models	

Hybrid	models	 Time	complexities	
(milliseconds)	

RSA	and	AES	 1020	
RSA	and	OTP	 533	
RSA	and	OTP	
with	functions	

220	

	
According	 to	 table	 3,	 RSA	 and	 OTP	 with	
functions	have	less	time	complexity	compared	
with	the	other	two	algorithms	and	 it	 is	much	
more	efficient.	
C. Hybrid	key	generation	

ECC	 public	 key	 is	 exclusive	 OR	 with	 a	 RSA	
public	key	to	generate	a	new	hybrid	public	key	
and	ECC	private	key	is	exclusive	OR	with	a	RSA	
private	key	 to	generate	a	new	hybrid	private	
key.	The	new	hybrid	public	is	used	to	encrypt	

the	 file	 while	 the	 new	 hybrid	 private	 key	 is	
used	to	decrypt	the	file.	(E	&	Rathipriya,	n.d.)		
Table	 4	 shows	 the	 execution	 time	 in	
milliseconds	corresponding	to	the	file	size.	

Table	3.	Execution	time	of	different	file	sizes	
in	Hybrid	key	generation	

File	size	 Execution	time	in	
milliseconds	

10	KB	 3.5	
20	KB	 2.7	
25	KB	 6.8	
54	KB	 9.8	

	

D.	Attacks	

Attackers	 can	 use	 different	 types	 of	 attacks,	
depending	 on	 the	 different	 cryptographic	
algorithms.	
	

Table	4.	Different	attacks	according	to	
different	algorithms	

Algorithm	 Attacks	
RSA	 Timing	Attacks	

(Guess	the	encryption	key	
by	tracking	the	time	to	
perform	its	crypto	
operation)	
	

AES	 Side	channel	attacks	(Try	to	
physically	attack	the	
implementation	of	the	
cryptographic	system)	

OTP	 Brute	force	attack	(Use	all	
possible	keys	to	discover	
the	correct	key)	

ECC	 Side-channel	attacks	
Twist-security	attacks	

	
6. Conclusion		

On	 this	 basis,	 it	 can	 be	 concluded	 that	much	
research	has	been	done	in	recent	decades	with	
the	 aim	 of	 researching	 new	 technologies	 to	
secure	data	transformation	in	the	cloud.	Unlike	
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traditional	 storage	 systems,	 data	 that	 are	
stored	 in	 the	 cloud	 can	 have	 various	 threats	
when	storing	and	retrieving	data.	To	overcome	
these	 drawbacks,	 we	 have	 discussed	 four	
mainly	 used	 techniques	 and	 algorithms,	 ECC,	
RSA,	 Double	 encryption,	 and	 hybrid	 key	
generation	 along	 with	 their	 performance	
characteristics.	 After	 analysing	 these	
techniques	 and	 algorithms	 we	 can	 conclude	
that	the	use	of	these	techniques	also	has	some	
drawbacks.	 Hence,	 hybrid	 key	 generation	 of	
ECC	and	RSA	algorithms	are	used	to	generate	a	
new	key	and	the	AES	key	is	encrypted	using	the	
newly	generated	hybrid	key	by	increasing	the	
security	 of	 the	 proposed	 system.	 AES	
algorithm	is	used	to	encrypt	a	large	volume	of	
data	easily.	The	data	encrypted	with	 the	AES	
key	and	the	encrypted	AES	key	is	stored	in	the	
cloud	 storage	 and	 key	 management	 server	
respectively	 increasing	 the	 security	 and	
reducing	the	time	complexities	of	the	proposed	
system.	 Hybrid	 key	 generation	 increases	 the	
key	 strength	 as	well	 as	 execution	 time	when	
compared	with	other	techniques	and	methods.	
It	 can	 be	 stated	 that	 the	 proposed	 system	 is	
much	more	efficient	and	secure.	
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Abstract:	 Intensive	 agriculture	 practices	

together	 with	 increased	 fertilizer	 use	 have	 a	

greater	 impact	 on	 groundwater	 quality	 in	

Kalpitiya.Water	 demand	 in	 Kalpitiya	 is	 70%	

fulfilled	 by	 groundwater	 extractions.	 The	

demand	 is	 ever	 increasing	 due	 to	 increase	 of	

population	 and	 agricultural	 practices.	 The	
permeable	 nature	 of	 sandy	 Regosols	 causes	

heavy	leaching	of	nutrients	and	contamination	

of	 shallow	groundwater.	The	aim	of	 this	 study	

was	to	evaluate	the	effects	of	different	fertilizer	

practices	on	growth,	yield	and	nutrient	leaching	

in	 leafy	red	onion	grown	 in	Kalpitiya.	The	Red	

onion	is	the	major	crop	grown	on	a	large	scale.	

The	 treatments	 tested	 were	 T1-Farmer	 Used	

Rate	 of	 fertilizer	 and	 T2-Department	 of	

Agriculture	 (DOA)	 recommendation.	 The	

experiment	 was	 arranged	 in	 Completely	

Randomized	Block	Design	with	three	replicates	

in	six	plots	(7.2m2).	The	red	onion	of	Jaffna	Local	

was	 established	 in	 a	 research	 field	 where	

lysimeters	 were	 previously	 installed.	 The	

leachate	was	 collected	weekly	 from	 lysimeters	

and	 analysed	 for	 leached	 nitrogen.	 Growth	 of	

plants	 and	 yield	 were	 recorded.	 A	 significant	

difference	 in	 leached	 nitrogen	 was	 observed	

between	 treatments.	 Furthermore,	 it	 was	

observed	 that	 there	 was	 a	 statistically	

significant	difference	between	the	final	yield	of	

T1	 and	 T2	 treatments.	 The	 total	 nitrogen	

leaching	 percentage	 of	 T2(67.88%)	was	 lower	

than	T1(78.86%)	even	though	the	crop	yield	of	

T2	(5069.25	kg/ac)	was	lower	than	T1(7556.95	

kg/ac).	The	average	concentration	of	nitrate	in	

the	leachate	of	T1	was	73	mg/l	while	that	of	T2	

was	 72	 mg/l.	 The	 safe	 limit	 of	 nitrate	 in	

groundwater	 is	 50	 mg/l.	 Recommended	
amounts	 of	 fertilizer	 should	 be	 applied	 in	

balanced	proportion	and	at	appropriate	 times	

with	 soil	 amendments	 may	 help	 to	 absorb	

nutrients	efficiently.	Therefore,	study	concludes	

that,	 both	 practices	 showed	 leached	 nitrate	

concentrations	above	safe	limits	recommended	

by	 WHO	 which	 urges	 the	 need	 for	 change	 in	

nitrogen	fertilizer	management	for	red	onion	on	

sandy	Regosols.	

Keywords:	 Nitrification,	 Groundwater	
Contamination,	Sandy	Regosol	

1. Introduction			

Kalpitiya	 in	 Sri	 Lanka	 belongs	 to	 the	 Dry	
Zone,	 receiving	 an	 average	 annual	 rainfall	 of	
1067	 mm.	 Sandy	 Regosol	 (WRB,	 FAO	
legend:Haplic	Arenosols).	is	the	dominant	soil	
type	 in	 the	peninsula.	Kalpitiya	 is	 considered	
as	highly	productive	agricultural	 areas	of	 the	
country	 where	 food	 crops	 are	 grown	
intensively	 as	 monocultures.	 Onions,	 Chilies	
and	Tobacco	are	the	most	widely	grown	cash	
crops	in	this	area	(Jayasingha	et	al.,	2011).	Red	
onion	is	the	most	widely	grown	vegetable	crop	
in	 Kalpitiya	 on	 a	 large	 scale.	 Hybrid	 chillie	
varieties	 take	 the	 second	 place	 among	 the	
crops	 cultivated	 in	 Kalpitiya	
(Jamaldeen,2013).	 In	 this	 cultivation	 system,	
the	mineral	nutrients	are	mainly	supplied	with	
such	 as	 urea,	 Muriate	 of	 Potash	 (MOP)	 and	
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Triple	 Super	 Phosphate	 (TSP)	 as	 popular	
external	nutrient	inputs.	They	are	collectively	
referred	as	synthetic	 fertilizers.	The	 fertilizer	
recommendations	in	the	country	have	evolved,	
integrating	synthetic	and	organic	fertilizers	in	
nutrient	management	programs	over	the	years	
(Nagarajah	et	al.,	1986).	The	use	of	 inorganic	
fertilizer	 has	 increased	 because	 of	 increased	
cropping	intensity	with	high	yielding	varieties	
cultivated	in	Sri	Lanka.	The	chemical	fertilizer	
application	rate	has	ranged	from	zero	to	830%	
of	the	recommended	level	in	different	cropping	
systems	 in	 Sri	 Lanka	 (Kendaragama,	 2006).	
Therefore,	to	fulfil	the	fertilizer	requirement	of	
Sri	 Lanka	 imports	 about	 800	 million	 kg	 of	
chemical	 fertilizers	 annually	 (Department	 of	
Census	 and	 Statistics,	 2019).	 Improper	
application	 of	 inorganic	 fertilizers	 can	 cause	
severe	 groundwater	 pollution	 from	
percolation	 and	 runoff	 of	 surplus	 nutrients.	
Among	the	nutrients,	Nitrate-N	has	emerged	as	
one	of	the	foremost	alarming	and	widespread	
contaminants	of	groundwater	resources	in	Sri	
Lanka.	(Shukla	&	Saxena	2018).	The	soils	of	the	
peninsula	are	extremely	permeable,	consisting	
of	90-98%	sand;	hence	there	are	no	problems	
with	drainage	or	water	logging.	The	farmers	in	
Kalpitiya	 struggle	 with	 issues	 related	 to	 less	
water	and	nutrient	retention,	and	low	organic	
matter	 content	 in	 sandy	 soil.	 Due	 to	 this	
infertile	 nature	 of	 the	 soil,	 farmers	 apply	
excessive	 amounts	 of	 nitrogen	 fertilizer	
expecting	 better	 yields	 throughout	 the	 year.	
The	 agrochemicals	 which	 are	 used	 may	 not	
perform	 their	 maximum	 potential	 to	 crop	
development	since	sandy	Regosols	are	unable	
to	 retain	more	 of	 them.	 Therefore,	 fertilizers	
leach	into	the	shallow	water	sources	due	to	the	
excess	 irrigation	 (Aravinna,	 2006).	 It	 is	
reported	that	the	farmers	devote	35%	of	cost	
of	 production	 	 	 for	 irrigation	 (Melvani	 et	
al.,2006).	However,	due	to	 large	soil	particles	
surrounded	by	air	pockets	creates	with	a	light	
texture	 and	 loose	 structure	 which	 provide	
plenty	 of	 open	 spaces	 for	 water	 to	 move	

through.	Therefore,	the	water	does	not	pool	on	
the	 surface	 and	 drains	 quickly.	 Due	 to	 the	
irrigation,	the	fertilizers,	which	is	added	to	the	
soil	may	not	be	retain	in	the	soil	and	more	of	
the	 nutrient	 get	 lost	 through	 leaching	
(Aravinna,	 2006).	 Ground	 water	 is	 the	 main	
source	 of	 water	 supply	 for	 domestic	 and	
agricultural	 needs	 in	 Kalpitiya.	 The	 surface	
water	sources	are	limited	in	the	area	and	not	
adequate	 for	 ever	 increasing	 water	 demand	
and	use	of	surface	water	for	drinking	and	other	
requirement	are	less	due	to	poor	water	quality.	
This	 aggravates	 the	 risk	 on	 groundwater	
sustainability	and	quality	deterioration	due	to	
alarmingly	 higher	 abstraction	 levels.	 It	 is	
reported	 that	 the	 water	 demand	 in	 the	
Kalpitiya	area	is	70%	fulfilled	by	groundwater	
extractions.	The	demand	is	ever	increasing	due	
to	 increase	 of	 population	 and	 heavy	
agricultural	 practices	 (Kumarasinghe	 and	
Rajapaksha,2012).	 The	 contamination	 of	
groundwater	in	terms	of	nitrate	in	the	area	has	
been	studied	for	several	decades	(Liyanage	et	
al.,	2000).	 	Studies	conducted	in	the	Kalpitiya	
show	 that	 the	 leaching	of	 chemical	 fertilizers	
from	 intensively	 cultivated	 land	 tend	 to	
increase	 the	 nitrate	 concentration	 in	
groundwater	 (Kuruppuarachchi,	 1995).	
Indiscriminate	fertilizer	usage,	over-extraction	
of	 groundwater	 and	 frequent	 application	 of	
heavy	doses	of	irrigation	have	been	recognized	
as	 the	 major	 reasons	 for	 groundwater	
contamination	 in	 Kalpitiya	 area	 (Sharma,	
2009).	The	 sandy	nature	of	 the	Kalpitiya	 soil	
with	neutral	pH	and	lack	of	fine	fraction	causes	
limited	nitrate	retention,	hence	rapid	leaching	
cause	more	vulnerable	situation	(Harold	et	al.,	
2006).	 Recent	 investigations	 revealed	 that	
nitrate	 levels	 in	 groundwater	 in	 some	 places	
within	Kalpitiya	agricultural	land	use	is	as	high	
as	212	mg/l	during	dry	periods	and	more	than	
50	%	of	 the	 studied	wells	have	nitrate	 levels	
exceeding	 the	 World	 Health	 Organization’s	
(WHO)	 allowable	 limits	 (Jayasingha	 et	 al.,	
2011).	Thus,	it	 is	apparent	that	ground	water	
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in	 the	 area	 could	 not	 be	 recommended	 for	
domestic	consumptions	at	least	during	the	dry	
season.	 Due	 to	 the	 increasing	 application	 of	
nitrogenous	 fertilizer	 in	 a	 closed	 aquifer,	 the	
population	 of	 the	 area	 is	 in	 danger	 of	
consuming	potentially	harmful	concentrations	
of	 nitrates	 through	 their	 food	 and	 water	
(Dalpitiya	 et	 al.,2022).	 Excess	 nitrate	 in	
drinking	 water	 is	 known	 to	 be	 hazardous	 to	
human	 health	 especially	 infants	 and	 older	
children,	 pregnant	 and	 nursing	 mothers.	 An	
increasing	 level	 of	 nitrate	 in	 groundwater	
induces	 health	 related	 problems	 like	 gastric	
cancer,	 thinning	 of	 blood	 vessels,	 aggressive	
behavior,	 and	 hypertension.	 	 Liyanage	 et	 al.	
(2000)	observed	that	high	NO3-N	in	drinking	
water	 caused	 abnormal	 methemoglobin	
concentration	 (>2%)	 in	 a	 high	 percentage	 of	
Sri	 Lankan	 infants.	 Nitrate	 is	 converted	 to	
nitrite	 (NO2-N),	 which	 combines	 with	
hemoglobin	to	form	toxic	methemoglobin.	This	
decreases	the	ability	of	blood	to	carry	oxygen,	
causing	 the	 syndrome	 known	 as	
methemoglobinemia,	 also	 called	 "blue	 baby	
syndrome"(Kuruppuarachchi,	1995).		The	field	
conditions	 that	 drive	 nitrate	 leaching	 to	
groundwater,	 requires	 two	 major	 inputs:	
significant	amount	of	nitrate	in	the	soil	profile	
and	enough	rainfall	or	irrigation	water	to	move	
nitrogen	 beyond	 the	 root	 zone	 .In	 addition,	
nitrate	 leaching	 	 can	 also	 occur	 from	
mineralizing	 	 	 	of	 	Soil	 	organic	matter	(SOM)	
and		crop	residues	in	the	fall(Meisinger	et	al.,	
1991).		
Strategies	for	reducing	nitrate	leaching	should	
introduce	and	implement	appropriate	counter	
measures.	 In	 Kalpitiya,	 leaching	 is	 primarily	
due	 to	 low	 soil	 water	 and	 nutrient	 holding	
capacity	 and	 excessive	 application	 of	 highly	
soluble	fertilizers.	This	present	setup	demands	
the	 necessity	 of	 implementing	 a	 proper	
groundwater	 management	 mechanism	
otherwise	 the	 impact	 on	 groundwater	would	
not	be	reversible	in	the	future.		Therefore,	the	
strategies	 should	 focus	 on	 ways	 to	 improve	

nitrogen	 utilization	 efficiency	 and	 decrease	
nitrogen	 losses	 is	 essential.	 This	 study	 was	
conducted	 to	 quantify	 the	 nitrogen	 leaching	
from	red	onion	cultivation	 in	Kalpitiya	under	
grower	managed	fertilizer	practices	compared	
to	 the	 Department	 of	 Agriculture	 (DOA)	
recommended	practices.	
	
2. Methadolgy	and	Experimental	Design				

A. Location	and	Duration	

	The	 experiment	was	 carried	 out	 in	Kalpitiya	
agricultural	area	as	a	field	experiment	during	
2021-2022.The	experimental	location	situated	
at	an	elevation	from	1m	above	mean	sea	level.	
The	 site	 was	 established	 with	 lysimeters	
previously	 installed.	 The	 monthly	 mean	
temperature	 at	 Kalpitiya	 during	 the	
experimental	period	was	30°C	while	the	mean	
rainfall	during	the	experimental	period	was	83	
mm	during	the	research	period.		
B. Experimental	Design			

The	 site	 selected	 for	 the	 experiment	 had	
leaching	monitoring	 lysimeters	 with	 0.28	m2	
area	 installed	 90	 cm	 below	 the	 soil	 surface.	
Jaffna	Local	variety	of	the	red	onion	was	taken	
as	 the	 planting	 material	 for	 the	 experiment.	
The	 treatments	 were	 arranged	 in	 a	
randomized	 complete	 block	 design	 and	
replicated	three	times.		
	
C. Crop	 Establishment	 and	 Treatment	

Application	

Prior	 to	 the	 planting	 of	 red	 onion	 bulbs,	
compost	application	was	done	at	the	rate	of	10	
t/ha	 for	 both	 treatments.	 Treatment	 1	 was	
applied	 with	 farmer	 used	 rate	 of	 fertilizer	
which	was	 Urea-	 100	 kg/ha,	 TSP-250	 kg/ha,	
Onion	 fertilizer	 (12:9:9-N:	 P:	 K)-125	 kg/ha,	
Blue	granules	(12:12:7-N:	P:	K)-62	kg/ha	and	
Calcium	nitrate(N-15,5%,CaO-26%)-62	kg/ha		
were	applied	at	weekly	intervals.	Treatment	2	
was	 applied	 with	 Department	 of	 Agriculture	
recommendation	 of	 fertilizer	 application	
(DOA)	 (Table	 1).	 	 According	 to	 the	 DOA	
recommendation,	 application	 of	 weedicides	
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and	 the	 pesticides	 were	 done	 as	 needed.	
Irrigation	was	done	two	times	per	day,	in	the	
morning	and	evening	using	sprinklers.	
	

Table	1.	DOA	recommended	fertilizer	
requirement	of	red	onion	in	Kalpitiya	

	
Fertilizer	
application	

Urea	
(kg/ha)	

TSP	
(kg/ha)	

MOP	
(kg/ha)	

BD	 68.5	 100	 50	
TD	1	
(3WAP)	

65	 	 	

TD	2	
(6WAP)	

65	 	 25	

	

BD-	Basal	Dressing,	TD	1-	First	Top	Dressing,	TD	

2-	 Second	 Top	 Dressing;	 TSP-Triple	 Super	

Phosphate,	MOP-	Murate	of	Potash,	WAP-Weeks	

after	planting,	DOA	(Chemical	fertilizer	(100%)	

+	Compost	(10t/ha)	

	
D. Collection	 and	 Analysis	 of	 Leachate	 and	

Irrigation	Water	

	Prior	to	planting,	initial	leachate	samples	were	
collected	 form	 each	 plot.	 Leachate	 samples	
from	 individual	 outlets	 were	 collected	
continuously	 using	 an	 electric	 pump	 and	 the	
total	volume	was	measured.	Leachate	samples	
were	obtained	at	7	days	intervals.		For	the	NO3	
-	and	NH4+	analysis	a	representativecomposite	
sample	of	the	leachate	was	collected	from	each	
plot.	 Irrigation	 water	 was	 sampled	 weekly	
during	the	cropping	season.	NO3	-N	and	NH4+N	
in	the	leachate	as	well	as	in	the	irrigation	water	
were	 determined	 using	 ion	 selective	
electrodes	(CPI	505,	Elmetron,	Poland)	
	
E. Determination	 of	 growth	 and	 yield	

parameters	

Two	growth	parameters,	namely,	plant	height,	
and	number	of	leaves	were	taken	as	vegetative	
measurements	in	weekly	intervals	to	track	the	
growth	performances	of	the	plants.	The	plant	
height	was	measured	from	the	base	of	the	plant	

to	the	tip	of	the	fully	emerged	leaf	sheath.	The	
number	 of	 leaves	 was	 recorded	 by	 counting	
the	 fully	 opened	 leaves.	 Data	 collection	 was	
commenced	 a	 week	 after	 planting	 and	
continued	weekly	until	51	days.	At	the	end	of	
cropping	season,	 leafy	red	onion	yield,	which	
consisted	 of	 the	 whole	 plant	 with	 bulb	 and	
green	leaves	of	the	plant	were	harvested.		
F. Testing	of	Perishability	

At	 the	 time	of	harvesting,	 ten	uniform	plants	
were	collected	from	each	plot	and	perishability	
was	 checked	 by	 storing	 them	 under	
refrigerated	 conditions	 and	 normal	
atmospheric	 conditions	 with	 and	 without	
paper	 coverings.	 Records	 were	 taken	 on	
weight	 of	 consumptive	 quality	 material	
remaining	 from	 the	 storage.	 	 This	 was	
continued	for	3	weeks	after	harvesting	of	leafy	
red	onion.	
G. Statistical	Analysis	

To	 verify	 the	 statistical	 significance	 of	 all	
parameters,	mean	values±	SD	were	calculated.	
Statistical	 comparison	 of	 mean	 values	 was	
performed	by	General	Linear	Model	(GLM)	of	
ANOVA	 followed	 by	 Least	 Significant	
Difference	(LSD)	Test	using	R	software.	
	

3. 	Results	and	Discussion		

Crop	growth	and	yield	as	a	result	of	different	
fertilizer	practices	were	found	to	be	different.	
The	 losses	 of	 nitrogen	 in	 terms	 of	 nitrate	
leaching	were	also	different	between	the	two	
treatments.	
	
A. Growth	and	yield	parameters	

Plant	 height	 is	 generally	 correlated	 with	 life	
span	 and	 time	 of	 maturity	 and	 is	 a	 major	
determinant	of	ability	to	compete	for	light.	The	
differences	 in	plant	height	among	 treatments	
were	significant.	T1	reported	the	higher	mean	
value	 for	 plant	 height,	 while	 T2	 showed	 the	
lower	mean	value.	Mean	values	for	number	of	
leaves	of	the	treatments	were	significant.	The	
T1	showed	the	higher	mean	value	for	number	
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of	leaves	compared	to	T2	(Table	2).	This	may	
be	due	 to	 the	 additional	 nutrient	 supplied	 to	
the	red	onion	plants	in	T1.	
	

Table	2.	Plant	growth	and	development	
parameters	

	 	 	
Treatment	 Plant	

Height	(cm)	
Number	 of	
Leaves	

T1	 31.72a			 31.35a	
T2	 24.47b	 24b	
The	mean	values	followed	by	different	subscript	

letters	 along	 the	 columns	 are	 significantly	

different	at	P<0.05		

	

B. The	yield	of	Red	Onion	

The	average	yield	of	Jaffna	Local	red	onion	in	
Sri	 Lanka	 is	 6000	 kg/ac	 (Anon,2011).	
According	to	the	results,	there	was	a	significant	

difference	 between	 the	 yield	 of	 T1	 and	
T2(Figure	 1).	 The	 results	 revealed	 that,	 the	
average	 yield	 of	 red	 onion	 from	 farmer	 used	
rate(7556.95	 kg/ac)	 is	 higher	 than	 the	

Department	 of	 Agriculture	 recommended	
application(5069.25	 kg/ac).The	 farmers	 who	
followed	 split	 applications	 of	 nitrogenous	
fertilizer	 	 throughout	 the	 cropping	 season	
were	 able	 to	 get	 higher	 yield	 than	 DOA	
recommendation.	Split	application	of	nitrogen	
has	been	reported	to	be	one	of	the	methods	to	
improve	 nitrogen-nutrient	 use	 by	 the	 crop	
while	 reducing	 the	 nutrient	 loss	 through	
leaching	 and	 volatilization.	 However	 heavy	
fertilization	 does	 not	 always	 result	 in	 higher	
yield;	moreover,	it	decreases	the	nitrogen	use	
efficiency.	Excessive	nitrogen	causes	vigorous	
vegetative	 growth	 resulting	 in	 lodging	 of	
plants,increased	 susceptibility	 to	 insects,pest	
and	diseases	 that	 ultimately	 reduce	 the	 yield	
(Tolessa	et	al.,	2002).	
	
	

	

Figure	1.	Harvested	leafy	red	onion	yield	of	the	
two	treatments	
	
C. The	Perishability	of	the	harvest	

The	 mass	 of	 fresh	 material	 remaining	 as	 a	
fraction	of	initial	storage	mass	of	harvest	was	
considred	as	an	indication	of	perishability.	The	
mean	values	 for	plant	 remaining	percentages	
under	 different	 conditions	 are	 given	 in	 the	
Table	3.	There	was	no	significant	difference	of	
remaining	 weight	 percentage	 between	
treatments	 under	 various	 conditions.	 The	 T1	
showed	 a	 higher	 remaing	 weight	 percentage	
both	 under	 atmospheric	 and	 refrigerated	
conditions	 compared	 to	 T2	 which	 was	 not	
significant.	
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1	
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3.34	
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74±	
5.8
2	

40.96±	
5.91	

40.95±	
6.54	

2	 49.75±
2.28	

52.
08±	
7.1
1	

36.95±	
1.88	

34.74±	
5.37	

Table 3. Average remaining weight percentages 
under different storage conditions 
 



	

	 	   
    

75	
 

D. Nutrient	Leaching	

	

1.	Analysis	of	leached	Nitrate	and	

Ammonium(kg/ac)		

There	was	a	significant	difference	(P<0.05)	in	
mean	 value	 of	 cumulative	 nitrate	 leaching	 as	
well	 as	 cumulative	 ammonium	 leaching	
between	T1	 and	T2	 throughout	 the	 cropping	
season	 (Table	 4).	 Hydrolysis,	 volatilization,	
nitrification	 and	 denitrification	 are	 the	
important	 processes	 that	 decide	 the	 fate	 of	
applied	urea	in	soil.	Once	urea	is	applied	to	soil,	
it	 hydrolyses	 to	 form	 NH4	 +	 .	 Nitrification	
converts	NH4	 +	 into	NO2	 -	 and	 the	 nitrite	 is	
transformed	 into	 NO3	 –	 (Khalil	 et	 al.,	 2009).	
This	 nitrate	 is	 susceptible	 to	 leach	 due	 to	
excessive	 permeability	 in	 the	 soil	 and	
freequent	 flush	 of	 water	 through	 irrigation.		
Depending	 on	 soil	 pH,	 moisture,	 and	
application	methods,	urea	undergoes	chemical	
transformation	 to	 produce	 either	 NH4+	 or	
NO3-(Calvert	 et	 al.,2002).	Nitrogen	 loss	 from	
urea	 as	 NO3-	 is	 one	 of	 the	 most	 important	
pathways	 because	NO3-	 is	 extremely	mobile.	
Leaching	of	NO3-	from	urea	leads	to	 increase	
in	 NO3-	 concentration	 in	 groundwater.		
Because	NH4+	is	positively	charged,	it	is	held	
by	the	negative	sites	of	soils.	Therefore,	NH4+	
leaches	 less	 in	 mineral	 soils	 which	 are	
particularly	high	in	clay.	Due	to	the	absence	of	
clay	 content	 in	 coarse-textured	 sand	 in	
Kalpitiya,	 NH4+	 leaching	 is	 significant.	 The	
leaching	 loss	 of	 nitrogen	 can	 be	 reduced	 by	
minimizing	the	amounts	of	NH4+	and	NO3-	in	
the	 soil	 in	 at	 a	 given	 time	 (Omar	et	 al.,2015)	
while	providing	enough	N	to	plants.		The	main	
differences	 in	 the	 two	 fertilizer	management	
system	used	in	the	experiment	were	total	input	
nitrogen	 fertilizer	 amount	 and	 the	 time	 of	
fertilizer	 application.Total	 input	 nitrogen	 for	
T1	and	T2	were	84.89	kg/ha	and	91.31	kg/ha	
respectively.	 	 Five	 split	 applications	 of	
fertilizer	 were	 applied	 for	 T1	 at	 weekly	
intervals	(Referred	to	as	urea-100	kg/ha,	TSP-
125	 kg/ha,	 Onion	 fertilizer-125	 kg/ha,	 Blue	

granuels-62	 kg/ha,	 Calcium-62	 kg/ha)	 while	
for	T2,	recommended	urea	dosage	was	applied	
as	 Basal	 dressing:68.5	 kg/ha	 at	 the	 planting,	
Top	 dressing	 1:65	 kg/ha	 at	 3	 weeks	 after	
planting	 and	 Top	 dressing	 2:65	 kg/ha	 at	 6	
weeks	 after	 planting.	 Nitrogen	 leaching	
pattern	 (Figure.	 2)	 corresponds	 to	 the	
differences	in	application	of	fertilizer	in	these	
treatments.	
	
2. Analysis	of	Leached	Nitrogen	Percentage	

Leached	 nitrogen	 percentage	 was	 calculated	
by	 dividing	 the	 leached	 nitrogen	 amount	 by	
total	input	nitrogen.	Both	irrigated	water	and	
nitrogenous	 fertilizer	 were	 considered	 as	
input	 sources	 of	 nitrogen.	 According	 to	 the	
results,	 there	 was	 a	 significant	 difference	
(P<0.05)	 in	 leached	 nitrogen	 percentage	
between	 T1	 and	 T2.	 The	 higher	 nitrogen	
leached	 percentage	 was	 observed	 in	
T1(78.86%)	while	the	lower	leached	nitrogen	
percentage	was	observed	 in	 the	T2(67.88%).	
Intermittent	 application	 of	 nitrogenous	
fertilizer	 for	 T1	 may	 cause	 for	 the	 higher	
nitrogen	 leaching	 percentage	 throughout	 the	
cropping	 season.	 The	 total	 amount	 of	 N	
leached	in	the	form	of	nitrate	and	ammonium	
during	 the	 cropping	 season	 as	 percentage	 of	
applied	N	in	each	treatment	was	calculated	and	
presented	in	the	Table	4.	The	higher	N	leached	
was	recorded	in	T1,	which	represents	the	rate	
of	fertilizer	application	by	growers.	
	

Table	4.	The	cumulative	leached	nitrate,	
ammonium,	and	leached	nitrogen	percentage	

throughout	the	season	
Treatm
ent	

Mean	
Nitrate	
(kg/ac)	

Mean	
Ammoni
um	
(kg/ac)	

Mean	
Leached	
Nitroge
n	
Percent
age	(%)	

T1	 137.63a±2
1.44		

6.59ab±1
.77	

78.86	 a	
±	12.45		
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T2	 126.01ab±
3.46		

5.86	 b	
±0.88	

67.88	
ab±1.01	

LSD	value	0.05	

	

3. Concentration	of	Nitrate	in	the	leachate		

The	 concentration	 of	 NO3-	 in	 leachate	
fluctuated	 over	 the	 growing	 season	 in	 both	
treatments	 (Figure	 2).	 	 Both	 treatments	
showed	higher	concentration	of	nitrate	in	the	
leachate	 than	 WHO	 standard	 of	 <50	 mg/l	
(dashed	line-Figure	2)	for	potable	water	in	the	
latter	part	of	the	growing	period.		
	

	
Figure	2.	Leachate	NO3-	concentration	
throughout	the	cropping	season	

Rapid	increase	in	leaching	losses	of	nitrogen	in	
the	form	of	nitrate	(NO3--N)	corresponds	with	
the	fertilizer	application	(Figure.2),	and	after	a	
short	 duration	 of	 applying	 fertilizer	 (TD1	 in			
22	DAP).	 Furthermore,	 the	 T2	 comparatively	
showed	a	higher	concentration	of	nitrate	(NO3-
-N)	in	leachate	upto	14	days	after	application	
of	basal	dressing.	
	

4. Conclusion		

Results	 indicate	 that,	 the	 nitrogen	 leaching	
percentage	 of	 farmer	 practiced	 fertilization	
was	 significantly	 higher	 (78.86%),	 when	
comparing	 with	 Department	 of	 Agriculture	
recommended	 (T2)	 treatment	 (67.88%).	
However,	farmer	practiced	fertilizer	treatment	
(T1)	 shows	 the	 significantly	higher	 yield	 and	
growth	 performance	 with	 compared	 to	 the	

Department	 of	 Agriculture	 recommendation	
(T2).	The	concentration	of	nitrate	in	leachate	is	
above	 the	 accepted	 standards	 irrespective	 of	
the	 treatments.	 Leaching	 of	 NO3-N	 is	
economically	 and	 envir	 onmentally	
undesirable.	 Therefore,recommended	
amounts	 of	 fertilizer	 should	 be	 applied	 in	
balanced	proportion	and	at	appropriate	times	
with	 soil	 amendments	 may	 help	 to	 absorb	
nutrients	 efficiently	 while	 maximising	 the	
yield.	 Moreover,	 this	 study	 concludes	 that,	
both	 practices	 showed	 leached	 nitrate	
concentrations	 exceeds	 the	 safe	 limits	
recommended	by	WHO	which	urges	the	need	
for	 change	 in	nitrogen	 fertilizer	management	
for	 red	 onion	 crop	 on	 sandy	 Regosols	 to	
minimize	leaching	losses.	
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