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ABSTRACT

Malaysia is blessed with a tropical climate that is 
conducive for the growth of many commercially 
viable crops like oil palm, rubber, cocoa and pepper.  
For over 50 years now, agriculture has played a very 
significant role in the development of the nation’s 
economy.  However, the United Nation’s Food and 
Agriculture Organization (FAO) is predicting that 
global competition between exporters of agricultural 
commodities will intensify over the next 10 years 
in both developed and developing countries.  Stiff 
competition, combined with higher productivity 
from the farmers in the developed nations, will 
result in a sharp drop in real prices for many of these 
agricultural produce.  Hence, farmers will have to 
make strong concerted efforts to improve efficiencies 
so as to maintain their profit margins.

Under the Ninth Malaysia Plan, agriculture will 
be revitalized as an engine of growth for the country, 
with strong emphasis on the use of modern technology 
to improve crop yields, produce better plant varieties, 
increase market accessibility, promote precision 
farming, support good agriculture practices, etc.  
Informatics, which basically looks at how information 
and communication technologies process, share and 
store data as well as information, can help to improve 
efficiencies and productivity in agriculture.

This article identifies some of the major issues 
facing agriculture and explores how informatics can 
play a role in overcoming them.

ABSTRAK

Malaysia dianugerahi dengan iklim tropika yang 
sesuai untuk pertumbuhan sumber semula jadi secara 
komersial seperti sawit, getah, koko dan lada hitam.  
Selama lebih 50 tahun, sektor pertanian memainkan 
peranan penting dalam pembangunan ekonomi 
negara. Walau bagaimanapun, Pertubuhan Makanan 

dan Pertanian (FAO) meramalkan persaingan sengit 
akan berlaku pada  peringkat global antara para 
pengeksport komoditi pertanian di negara- maju dan 
membangun dalam tempoh 10 tahun akan datang.  
Persaingan yang berat sebelah, ditambah lagi dengan 
kadar produktiviti yang tinggi oleh para petani dari 
negara maju akan mengakibatkan banyak hasil tani 
negara mengalami kejatuhan harga yang menjunam. 
Fenomena ini mengakibatkan para petani terpaksa 
berusaha keras untuk meningkatkan kecekapan demi 
mempertahankan  paras keuntungan mereka. 

Di bawah Rancangan Malaysia Ke-9, sektor 
pertanian merupakan jentera pembangunan 
negara, menerusi penekanan ke atas penggunaan 
teknologi moden untuk meningkatkan produktiviti, 
menghasilkan pelbagai tanaman yang lebih 
baik, menambahkan kemudahan pemasaran, 
mempromosikan usaha tani yang betul, membantu 
cara pertanian yang berkesan dan lain-lain. 
Informatics, yang pada dasarnya meninjau 
bagaimana teknologi maklumat dan komunikasi, 
memproses, menyimpan dan mengongsi data dan 
maklumat, boleh membantu meningkatkan kecekapan 
dan kadar produktiviti dalam pertanian.

Artikel ini mengenal pasti beberapa isu 
utama berkenaan sektor pertanian dan  meninjau 
bagaimana informatics boleh memainkan peranan 
untuk mengatasinya.

Keywords:  agriculture, artificial intelligence, 
farming,	ICT,	informatics.

INTRODUCTION

Malaysia,	a	tropical	country	located	near	the	equator,	
has	 excellent	 natural	 conditions	 and	 conducive	
climate	 that	 support	 the	 growth	 of	 crops	 like	 oil	
palm,	 rubber,	 cocoa,	 pepper	 and	 coconut.	 	 Within	
Peninsular	 Malaysia,	 crop	 cultivation	 is	 mainly	
carried	out	on	the	coastal	plains,	in	the	river	valleys	
and	 foothills.	 	 Although	 East	 Malaysia,	 which	
includes	Sabah,	Sarawak	and	the	Federal	Territory	
of	Labuan,	 is	covered	with	dense	 jungle	and	hills,	
the	major	commercial	crops	which	include	oil	palm,	
pepper and sago are able to flourish in the lowlands.  
Hence,	 it	 is	 not	 surprising	 that	 for	 over	 50	 years	
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now, agriculture has played a very significant role 
in	the	development	of	the	nation’s	economy.		

Table 1	 shows	 the	 agricultural	 land	 use	 (in	
hectares)	 in	 Malaysia	 from	 1980-2010	 for	 some	
major	crops	(sources:	Fifth	to	Ninth	Malaysia	Plans).		
Although	there	has	been	some	reduction	in	the	land	
use	for	certain	crops,	the	general	trend	is	an	increase	
in	cultivated	area.	

In	 spite	 of	 this	 growth,	 over	 a	 period	 of	 20	
years,	 starting	 from	 the	 early	 seventies,	 Malaysia	
transformed	herself	from	a	producer	of	raw	materials	
into	 an	 emerging	 multi-sector	 economy.	 	 Growth	
during	 that	 period	 was	 almost	 exclusively	 driven	
by	exports	–	particularly	of	electronics.		Agriculture	
as	a	sector,	contributed	to	only	8.0%	of	the	country’s	
GDP	 in	 2006	 (Anon.,	 2007d),	 compared	 to	 the	
industry/manufacturing	and	services	sectors	which	
contributed	48%	and	43.6%,	respectively.		However,	
under	 the	Ninth	Malaysia	Plan	 (9MP),	agriculture	
will	 be	 revitalized	 as	 an	 engine	 of	 growth	 for	 the	
country.	

One	 of	 the	 prioritized	 objectives	 under	 this	
planned	 revitalization	 is	 the	 improvement	 of	
agricultural	 productivity.	 	 In	 a	 report	 by	 the	
Organization	 for	 Economic	 Co-operation	 and	
Development	 (OECD)	 (Anon.,	 2007a),	 the	 United	
Nation’s	Food	and	Agriculture	Organization	(FAO)	
is	 predicting	 that	 global	 competition	 between	
exporters	of	agricultural	commodities	will	intensify	
over	 the	 next	 10	 years	 in	 both	 developed	 and	
developing	countries.		Stiff	competition,	combined	
with	higher	productivity	from	farmers	in	developed	
nations	 will	 result	 in	 a	 sharp	 drop	 in	 real	 prices	
for	 many	 of	 these	 agricultural	 produce.	 	 This	 is	

Table 1.  agriculTural land use in Malaysia for soMe Major crops (1980-2010)

crop
cultivated area ( ‘000 ha)

1980 1985 1990 1995 2000 2005 2010*

Oil	palm 1	023 1	482 2	029 2	508 3	377 4	049 4	555

Rubber 2	005 1	949 1	823 1	727 1	431 1	250 1	179

Rice 735 649 663 592 478 452 450

Coconut 349 334 314 299 159 180 180

Cocoa 124 304 420 235 76 33 45

Tobacco 12 16 10 11 15 11 7

Pepper 13 5 11 9 13 13 14

Total 4	261 4	739 5	270 5	381 5	549 5	988 6	430

                Note: *	Projected.

beginning	to	be	felt	in	Malaysia,	where	competition	
from	 neighbouring	 countries	 has	 diminished	 the	
Malaysian	market	share	for	some	of	the	commercial	
crops.		Free	trade	through	bilateral	agreements	will	
also	mean	that	productivity	has	to	improve	quickly	
to	ensure	that	the	affected	local	agriculture	sectors	
remain	relevant.		Hence,	farmers	will	have	to	make	
strong concerted efforts to improve efficiencies so 
as to maintain their profit margins.

Figure 1	 shows	 the	 main	 processes	 involved	
in	 bringing	 agricultural	 produce	 into	 the	 market	
place.		Associated	with	each	of	these	processes	are	
some	examples	of	the	challenges	that	they	may	face.		
These may be classified as falling under several 
major	categories.

labour shortage

Like	 many	 of	 the	 developed	 or	 developing	
countries	around	the	world,	Malaysia	has	also	seen	
a significant migration of young men and women to 
the	urban	centres,	resulting	in	a	shortage	of	labour	
in	 the	 rural	 areas.	 	 A	 direct	 and	 maybe	 painful	
consequence of this is a significant reduction in the 
amount	of	land	that	can	be	worked.	An	associated	
challenge	is	to	be	able	to	accurately	grade	the	farm	
outputs,	especially	for	fruits	and	vegetables.		While	
this	has	been	traditionally	achieved	manually,	there	
is	a	need	to	do	this	more	effectively	when	the	output	
volumes	become	large.

production planning

For	 some	 farmers,	 keeping	 track	 of	 seed	
inventory,	 planting	 dates,	 greenhouse	 schedules,	
field records and harvest records can be difficult or 
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Figure 1.  From farm-to-market.

just	taxing	at	best.		In	the	case	of	market	gardening,	
the	task	of	having	to	manage	more	than	250	varieties	
of	over	50	crops	can	be	quite	daunting.	

It	is	common	knowledge	that	crop	rotation	can	
improve	soil	 fertility	as	well	as	control	crop	pests.		
Successive	planting	of	 the	 same	crop	on	 the	 same	
piece	of	land	is	generally	not	advisable,	as	either	the	
soil	fertility	will	decrease	or	the	crops	will	encounter	
more	diseases,	pests	or	weeds.		On	the	other	hand,	
a	certain	succession	of	crops	may	be	recommended.		
For	example,	cotton	should	not	be	grown	again	in	
the	same	plot	of	 land	as	 the	remaining	seeds	may	
encourage	 pest	 infestation.	 	 Crops	 like	 sorghum	
can	 also	 cause	 problems	 with	 the	 weed	 striga,	
while	 potato	 should	 not	 follow	 potato	 because	 of	
the	build-up	of	nematodes	 in	the	soil.	 	 In	the	case	
of	 soyabean,	 it	 is	 recommended	 that	 this	 crop	 is	
alternated	 with	 cereal	 grains	 in	 order	 to	 restore	
the	 soil	 fertility.	 	 Similarly,	 after	 harvesting	 maize	
and	other	grains,	the	land	should	allowed	to	fallow	
(Klein	Hanveld	and	Stegeman,	2007).		With	proper	
planning,	 farmers	 and	 producers	 can	 sequence	
crops	 so	 that	 weeds	 may	 also	 be	 managed	 more	
effectively,	in	addition	to	minimizing	the	possibility	
of	an	oversupply	of	farm	outputs	into	the	market.

environment Monitoring

Agriculture	is	today	faced	with	a	whole	series	of	
expectations, some of which are difficult to reconcile 
with	 each	 other.	 	 There	 is	 price	 versus	 quality,	
productivity	 versus	 environment,	 progress	 versus	
an	 intact	 ecology.	 	 Agricultural	 success	 cannot	
be	 achieved	 at	 the	 expense	 of	 the	 environment.		
Hence,	 the	 environment	 needs	 to	 be	 constantly	
and	 accurately	 monitored.	 	 This	 is	 especially	 true	

in	 some	 of	 the	 more	 developed	 countries	 where	
there	are	very	strict	legal	guide-lines	relating	to	the	
environment.

dispensing of nutrients and pesticides

There	has	been	much	discussion	recently	of	the	
need	to	boost	soil	fertility.	While	massive	doses	of	
fertilizers	can	help	replenish	degraded	soils,	excess	
fertilizers	can	also	leach	into	the	surrounding	areas.		
Such	contamination	of	waterways	and	wetlands	by	
nutrients	 like	nitrogen	and	phosphorus	 is	a	major	
concern	in	many	countries.		

Moreover,	 despite	 the	 widespread	 advances	
brought	 about	 by	 the	 introduction	 of	 improved	
plant	 varieties	 and	 chemical	 fertilizers	 as	 well	 as	
pesticides,	 crop	 disease	 is	 still	 a	 major	 problem.		
Hence,	 there	 is	 a	 need	 to	 dispense	 fertilizers,	
herbicides	and	other	agro-chemicals	more	precisely	
to	where	 they	are	needed,	when	 they	are	needed,	
and	at	the	right	rate	–	and	not	to	practise	a	general	
blanket	coverage.

information sharing

Farmers	who	grow	crops	should	be	able	to	have	
access	to	sophisticated	databases	and	other	intelli-
gent	 tools	 if	 they	are	going	 to	 compete	effectively	
in	 today’s	 global	 agribusiness	 marketplace.	 	 For	
example,	they	need	to	obtain	accurate	information	
on	short-term	weather	forecasts	to	help	plan	for	any	
dry	seasons.		There	is	also	a	need	for	accurate	and	
up-to-date	 information	 on	 good	 storage	 methods,	
processing	 and	 marketing	 avenues.	 	 Information	
related	 to	agricultural	 factors	 such	as	 the	weather	
and	 soil	 conditions	 would	 be	 very	 useful	 to	
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enable	effective	solutions	be	taken	to	counter	crop	
problems.

Furthermore,	 farming	 conditions	 differ	 from	
country	to	country.		What	may	work	in	one	country	
may	 not	 necessarily	 work	 in	 another.	 Hence,	 new	
and	 improved	crop	varieties	developed	with	 local	
conditions	 in	 mind	 are	 also	 needed.	 	 There	 must	
also	be	a	sharing	of	good	farming	practices	suited	to	
local	soils	and	conditions,	which	can	help	farmers	
overcome	pests	and	diseases.	

With	 improved	 seeds	 and	 better	 agricultural	
practices,	 better	 quality	 crops	 are	 produced.		
However,	 this	 can	 only	 command	 higher	 prices	
if	 the	 right	 buyer	 can	 be	 found	 quickly.	 	 This	 is	
especially	 crucial	 for	 rapidly	 perishable	 goods.		
Further	up	the	value	chain,	there	is	also	a	need	for	
efficient and cost-effective mechanisms to provide 
up-to-date	market	 information	as	well	as	 to	allow	
for efficient trading of farm products.

Last	 but	 not	 least,	 farmers	 also	 need	 to	 know	
about the latest global trends in the wildly fluctua-
ting	markets	that	determine	how	much	money	they	
earn	for	their	products	as	well	as	help	them	optimize	
the	production	of	their	crops.

improved strains

Starting	from	the	supply	side	(Figure 1),	especially	
for	subsistence	agriculture,	there	is	a	need	to	be	able	
to	decide	on	the	main	crops	to	plant,	and	from	there	
identify	the	right	seeds	to	buy.		Ideally,	subsistence	
farmers	 will	 also	 know	 the	 market	 or	 consumer	
needs.	 	For	many	 farmers,	a	major	 challenge	 is	 to	
stay	 one	 step	 ahead	 of	 market	 demand,	 creating	
high	quality	farm	produce	to	meet	the	consumers’	
needs.  This is where new plant species, which fulfil 
consumer	requirements	will	have	to	be	developed.		
Furthermore,	depending	on	local	conditions,	there	
is	 also	 the	need	 for	new	plant	varieties	which	are	
more	disease-resistant	while	retaining	the	ability	to	
produce	higher	yields.

INFORMATICS IN AGRICULTURE

The	previous	 section	described	some	of	 the	major	
challenges	 faced	 by	 the	 agriculture	 sector	 today.		
In	 this	 section,	 the	 role	 that	 informatics	 can	 play	
to overcome some of these challenges is briefly 
described.

Informatics is a very broad field that basically 
involves	the	use	of	information	and	communication	
technologies (ICT) to solve specific problems in 
areas as diverse as biology, fine arts, economics, 
engineering,	and,	of	course,	agriculture.

informatics in information sharing

In	 many	 farms	 around	 the	 world	 today,	 espe-
cially	 in	 the	 developed	 economies,	 farmers	 are	
aware	 that	 success	 no	 longer	 depends	 solely	 on	 a	
the	combination	of	a	tractor,	a	harvester	and	a	stur-
dy	back.		More	and	more	of	today’s	modern	farm-
ers	are	leveraging	on	informatics	to	free	them	from	
some	of	the	more	tedious	chores	as	well	as	improve	
productivity.	 	 For	 example,	 they	 have	 learnt	 that	
a	 computer	 and	 telephone	 line	 are	 essential	 farm	
tools	too.		A	computer	with	an	Internet	connection	
can	 provide	 agricultural	 producers	 with	 access	 to	
up-to-date	market	and	product	information.		Even	
though	 there	 is	 considerable	 consolidation	 in	 the	
market-place,	 producers	 can	 get	 more	 bids	 from	
more	 potential	 sources	 through	 the	 Internet.	 	 The	
mechanism	 to	 access	 such	 market	 information	 as	
well	as	 to	conduct	 trading	of	 food	products	using	
ICT	has	been	achieved	through	systems	such	as	the	
FAMAXchange	 and	 Agribazaar	 portals	 in	 Malaysia.		
FAMAXchange,	 in	 addition	 to	 providing	 informa-
tion	on	the	Federal	Agricultural	Marketing	Author-
ity	(FAMA),	also	provides	a	wide	range	of	helpful	
information	 –	 from	 market	 analysis	 and	 industry	
analysis	to	pricing.		This	is	in	addition	to	other	use-
ful	 information,	 e.g.	 on	 collection	 centres,	 market-
ing	contract	implementation	guide,	etc.		Agribazaar	
(http://www.agribazaar.com.my),	which	was	joint-
ly	 developed	 by	 MIMOS	 and	 the	 Department	 of	
Agriculture,	Malaysia,	is	a	virtual	exchange	service	
to	help	promote trade	between	producers	and	sup-
pliers	of	agricultural	products.		This	is	in	response	
to	some	of	the	challenges	faced	by	Malaysian	pro-
ducers	in	marketing	their	products.

informatics in environment Monitoring

Rule-based	reasoning	and	case-based	reasoning	
have	 emerged	 as	 two	 important	 and	 complemen-
tary reasoning methodologies in artificial intel-
ligence	 (Al).	 	 Vafaie	 and	 Cecere	 (2004)	 suggested	
a	 rule-based	 and	 case-based	 reasoning	 approach	
in	 one	 application	 known	 as	 CORMS AI	 to	 assist	
NOAA’s	 (National	 Oceanic	 and	Atmospheric	Ad-
ministration)	Centre	for	Operational	Oceanograph-
ic	Products	and	Services’	watch	standing	personnel	
in	monitoring	the	quality	of	marine	environmental	
data	and	information.

Meanwhile,	 Australian	 scientists	 have	 been	
developing	 an	 intelligent	 system	 to	 help	 monitor	
farms	 more	 accurately	 while	 paving	 the	 way	 for	
intelligent	 decision-making	 (Clarkson,	 2004).		
The	 software	 converts	 agricultural	 factors	 such	
as	 weather	 and	 soil	 conditions	 into	 actionable,	
understandable	information.
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informatics in precision farming

Researchers	at	the	University	of	Tennessee	have	
developed	an	intelligent	prototype	which	measures	
the wavelengths of light reflecting off a plant to 
‘learn’	 how	 much	 fertilizer	 healthy	 or	 sick	 plants	
need	 (Anon.,	 2007b).	 	 The	 farmer	 would	 have	 to	
initially	 introduce	 the	 device	 to	 different	 types	 of	
plants,	and	to	feed	in	the	information	about	the	plants	
and	how	much	fertilizer	should	be	dispensed	on	a	
portable	hand-held	computing	device.	 	Gradually,	
this	 portable	 computing	 device	 learns	 on	 its	 own	
to	 discern	 each	 plant’s	 needs.	 	 Moreover,	 instead	
of	relying	on	a	set	of	often	cumbersome	rules,	 the	
intelligent	 system	 learns	 much	 of	 the	 important	
information	during	 its	 ‘training’	phase.	 	Once	 this	
process	is	completed,	the	sensor	will	be	attached	to	
the	front	of	a	vehicle	with	the	nutrient	dispenser	at	
the	back.		As	the	intelligent	system	visits	each	plant,	
it	communicates	to	the	dispenser	in	the	rear	on	the	
appropriate dose to dispense, thereby fulfilling 
the	 needs	 of	 individual	 plants.	 In	 another	 related	
research	(Song	and	He,	2005),	a	system	was	devised	
combining	 neural	 networks	 and	 diagnostic	 expert	
systems,	 which	 allows	 inexperienced	 farmers	 to	
detect	 crop	 nutrition	 disorders	 early	 enough	 for	
adequate	intervention.

Another	form	of	precision	farming	(also	known	
as site-specific farming) allows farmers to adjust for 
within-field variability in characteristics such as soil 
fertility	and	weed	populations.	 	Precision	 farming	
may	 use	 the	 global	 positioning	 system	 (GPS)	 to	
define more accurately the exact location where the 
nutrients	or	insecticides,	fungicides,	herbicides,	etc.	
are	 needed.	 	 With	 this	 information	 and	 on-board	
sensors,	 farm	 equipment	 can	 monitor	 crop	 yields	
and	guide	the	application	of	these	crop	inputs	with	
better	precision.	The	automated	detection	of	weeds,	
for	example,	allows	for	spatially	variable	herbicide	
application.	 	 López-García	 et al.	 (1997)	 as	 well	
as	 Pérez-Jiménez	 et al.	 (2000)	 suggested	 that	 the	
combination	 of	 several	 colour	 and	 shape	 analysis	
techniques	 with	 classical	 pattern	 recognition	
approaches, such as the Bayesian classification, may 
lead to significantly more accurate automated weed 
detection.

Optimal	irrigation	is	another	form	of	precision	
farming for which techniques based on artificial 
intelligence	 are	 quite	 suitable.	 	 McClendon	 et al.	
(1996)	 reported	 a	 neural	 network	 that	 is	 capable	
of efficiently computing optimal decisions for 
peanut	 irrigation.	 	 The	 neural	 network	 was	
trained	on	environmental	and	crop	state	variables,	
and	 irrigation	 control	 sequences	 were	 derived	
from	 a	 computationally	 expensive	 optimization	
procedure.

informatics in Quality control	

In	 Canada,	 using	 a	 combination	 of	 digital	
imaging and artificial neural networks, grain 
inspectors	can	now	visually	analyse	and	grade	grain	
(Anon., 2007c).  In addition to improving efficiency, 
this	 approach	 can	 also	 take	 the	 subjectivity	 and	
guesswork	out	of	grading	the	quality	of	wheat.	

Much	progress	has	also	been	made	in	developing	
non-destructive	 techniques	 for	 the	 assessment	 or	
inspection	of	quality	parameters	of	fruits,	detecting	
not	only	 internal	disorders	but	also	gauging	taste,	
sugar	 content,	 and	 so	 forth	 (Butz	 et al.,	 2005).	 	As	
sensors	 often	 measure	 only	 a	 single	 constituent	
or	 quality	 property,	 combined	 techniques	 are	
optimized	to	measure	overall	quality.

For an extensive review of how neural classifiers 
have	 been	 applied	 to	 various	 types	 of	 quality	
inspections	 and	 grading	 practises	 for	 different	
agricultural	 products,	 refer	 to	 Jayas	 et al. (2000).		
Although	 many	 types	 of	 neural	 networks	 have	
been	applied	to	quality	inspection	tasks,	Jayas et al. 
concluded	that	overall	Multilayered	Perceptrons	are	
the	most	successful	ones.		They	also	recommended	
that	 future	 systems	 need	 to	 improve	 on	 the	
integration	of	image	analysis	with	neural	network	
techniques.

informatics in products for crop protection

With	 the	 world’s	 increasing	 population	 and	
limited resources, there comes the need to efficiently 
develop	 more	 diverse	 and	 better	 crop	 protection	
products.	The	traditional	method	of	in vivo screening	
of	 random	 products	 is	 no	 longer	 suitable	 for	 the	
current	 scale	 of	 demand.	 	 Modern	 informatics	
mitigate	this	problem	by	allowing	in silico	screening	
(or	 virtual	 screening)	 (Oprea,	 2002).	 	 Through	
Computational	 Chemistry,	 countless	 potential	
drugs	can	be	virtually	synthesized	and	tested	before	
actually	proceeding	to	in vivo	validation.

informatics in yield optimization

Yield Prophet	 (Hunt	 et al.,	 2006)	 is	 a	 service	
currently	utilized	by	many	Australian	farmers	with	
the	 objective	 of	 maximizing	 yield.	 	 It	 essentially	
consists	 of	 a	 web	 interface	 for	 a	 crop	 production	
model	 that	 allows	 farmers	 to	 simulate	 wheat	 and	
barley	 crop	 growth	 as	 a	 function	 of	 parameters	
such	as	irrigation	water,	nitrogen	fertilizer,	sowing	
time	 and	 variety	 selection.	 Apart	 from	 yield,	 the	
simulator	can	also	forecasts	crop	quality.	According	
to	 Hunt et al. (2006), there is significant anecdotal 
evidence	 that	Yield Prophet	 can	positively	 improve	
the	 management	 decisions	 of	 farmers	 that	 have	
subscribed	to	the	service.
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informatics in	disease forecasting

Given	 a	 set	 of	 environmental	 conditions	 and	
suitable	processes	(e.g. a neural classifier), it is pos-
sible	to	predict	the	time	of	infestation	by	and	sever-
ity	of	different	plant	diseases.		This	encapsulates	the	
main	 meaning	 of	 disease	 forecasting.	 	 One	 of	 the	
reasons why disease forecasting is beneficial is that 
it	allows	for	optimal	application	of	crop	protection	
products.		The	prediction	that	a	particular	disease,	
given	 certain	 conditions,	 is	 likely	 to	 progress	 in	 a	
particular	way	allows	farmers	to	tailor	their	fungi-
cide	application	policies	in	order	to	minimize	costs	
while	maximising	crop/soil	health.	 	  Francl	(2004)	
analysed	how	several	types	of	neural	networks	can	
be	 used	 for	 disease	 forecasting.	 	 He	 believes	 that	
neural	 networks	 are	 especially	 adept	 at	 detecting	
complex	 relationships	 between	 variables,	 thereby	
providing	a	prediction	accuracy	that	exceeds	that	of	
conventional	statistical	methods.

informatics in producing improved strains

The	 Malaysian	 Palm	 Oil	 Board	 (MPOB)	 has	
developed	 an	 oil	 palm	 DNA	 database	 which	 may	
be	 used	 to	 study	 the	 location	 of	 genes	 involved	
in	 callogenesis and	 embryogenesis	 via	 molecular	
mapping	 as	 well	 as	 the	 generation	 of	 Expressed	
Sequence	Tags	(ESTs)		(Malaysia-MIT	Biotech.,	2001).		
In	addition,	MPOB	has	also	begun	to	develop	more	
efficient micro-propagation techniques to multiply 
the	elite	lines	of	oil	palm	through	an	automated	and	
accurate	pattern	recognition	system.

Efforts	 to	 search	 for	 homologies	 in	 known	 se-
quences	 with	 microarray	 techniques	 have	 become	
very	 popular	 in	 recent	 years	 too.	 	 A	 microarray	
is	 basically	 a	 large	 set	 of	 cloned	 DNA	 molecules	
spotted	onto	a	 solid	matrix	 (such	as	a	microscope	
slide).	This	can	then	be	used	in	probing	a	biological	
sample	to	determine	gene	expression,	marker	pat-
tern	or	nucleotide	sequence	of	DNA/RNA.		It	is	a	
powerful	 informatics	 tool	 that	 allows	 for	 simulta-
neous	measurement	of	expression	 levels	 for	up	 to	
tens	of	 thousands	of	genes.	 	However,	 the	 ‘boom’	
of	the	technology	has	also	made	it	extremely	clear	
that we need to be able to generate efficiently useful 
and	accurate	information	from	the	raw	data.	 	Due	
to	 the	scale	and	complexity	of	 the	data,	 it	 is	often	
necessary	for	the	analysis	to	be	carried	out	with	the	
appropriate	informatics	techniques.		Principle	com-
ponent	analysis	(PCA),	random	mapping,	support	
vector	 machines	 (SVM),	 latent	 semantic	 analysis	
(LSA),	 Helmholtz	 machine,	 self-organizing	 maps	
(SOM),	etc.,	are	some	of	the	techniques	which	may	
be	used	 to	 reduce	 the	high	dimension	of	many	of	
these	data	into	lower	dimensions	without	too	much	
loss	in	information.		We	have	also	done	some	work	
in	using	PCA	and	random	maps	to	study	their	ef-

fectiveness	in	reducing	the	dimensions	of	data	vec-
tors	that	contain	more	than	15	000	features	(Loy	et 
al.,	 2006).	 	 Moreover,	 due	 to	 the	 huge	 amounts	 of	
data	that	the	system	needs	to	sift	through,	some	of	
these	computing	tasks	can	be	processed	on	a	high	
performance	 computing	 environment	 for	 higher	
efficiency and throughput.  One high computing 
approach	relies	on	tightly	coupled	clusters	of	proc-
essors	with	high	levels	of	communication	between	
them	to	work	as	a	team.		This	concept,	commonly	
known	as	grid	computing,	extends	itself	to	most	of	
the	solutions	discussed	above,	seeing	that	they	rely	
on artificial intelligence techniques (e.g.	neural	net-
works, Bayesian classification and expert systems), 
the majority of which are significantly computer-in-
tensive.		Thus,	in	view	of	the	added	fact	that	farmers	
require	timely	responses	to	their	problems/queries,	
grid	computing	comes	as	a	general	support	for	all	
of	 the	 intelligent	 and	 adaptive	 solutions	 that	 they	
require.		This	will	be	described	in	more	detail	in	the	
following	section.	

GRID COMPUTING

Grid	computing is	an	emerging	computing	model	
that	 distributes	 processing	 resources	 across	 a	
parallel	 infrastructure.	 Throughput	 is	 increased	
by	 networking	 many	 heterogeneous	 resources	
across	administrative	boundaries	to	model	a	virtual	
computer	architecture.		The	ideas	of	the	grid	were	
brought	together	by	Foster et al. (2004) 	who led	the	
effort	 in	creating	 the	Globus	Toolkit	 incorporating	
not	 just	 CPU	 management	 (examples:	 cluster	
management	 and	 cycle	 scavenging)	 but	 also	
storage	 management,	 security	 provisioning,	 data	
movement,	monitoring	and	a	tool	kit	for	developing	
additional	services	based	on	the	same	infrastructure,	
which include agreement negotiation, notification 
mechanisms,	 trigger	 services	 and	 information	
aggregation.	 	Many	of	these	main	components	are	
based	on	open	standards.	 	The	major	components	
for	 a	 typical	 grid	 infrastructure	 as	 well	 as	 some	
examples	of	how	the	system	may	be	deployed	are	
illustrated	in	Figure 2.		

The	focus	of	grid	computing	on	the	ability	to	sup-
port	 computation	 across	 administrative	 domains	
sets	 it	 apart	 from	 traditional	 computer	 clusters	 or	
traditional	distributed	computing	as	it	offers	a	way	
of	using	the	computing	resources	optimally.		Aside	
from	providing	a	large	amount	of	computing	power	
on	tap,	grid	computing	also	translates	to	more	stor-
age	space	for	data	for	every	computer	user.

In general, there are five types of grid – compute 
grid,	data	grid,	PC	grid,	sensor	grid	and	access	grid.		
Compute	grid	involves	networking	together	a	group	
of	 high	 performance	 computers	 to	 function	 as	 a	
unified supercomputer, providing compute power 
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Figure 2. Concept of grid computing.

for	 the	processes	of	 simulation	and	analysis.	 	 It	 is	
most	applicable	for	compute	intensive	applications	
like	sequence	analysis,	pattern	recognition	and	data	
value	 calculation.	 	 PC	 grid	 is	 similar	 to	 compute	
grid	in	networking	numerous	unused	computers	to	
generate	a	larger	scale	of	computational	power.	This	
is	the	most	primitive	and	common	set-up	before	a	
grid	turns	more	mature.		On	the	other	hand,	a	data	
grid	deals	with	data	which	can	be	remotely	accessed	
via	 secure	 communication	 protocols.	 	 These	 are	
often,	but	not	always,	combined	with	computational	
grid	 computing	 systems.	 	 An	 access	 grid	 is	 an	
ensemble	of	resources	that	support	communication	
over	 the	grid	by	bridging	 the	communication	and	
human network from various domain specific 
areas.	 	Last	but	not	 least,	a	 sensor	grid	 is	a	group	
of	 sensors	 networked	 together	 and	 deployed	 in	 a	
specific environment from which raw data can be 
collected,	analysed	and	then	published	to	a	portal.	
Sensor	 grids	 have	 been	 widely	 implemented	 in	
agriculture	for	environment	monitoring	as	well	as	
for	information	sharing.		For	example,	with	an	array	
of	 sensors,	 data	 loggers,	 rainfall	 gauges	 and	 soil	
gauges deployed in the field, observation stations 
or	 research	 sites,	 important	 real-time	 data	 related	
to	the	rainfall,	condition	of	the	soil,	surface	run	off,	
drainage infiltration, temperature of the soil, light 
conditions	 and	 wind	 speed	 can	 be	 obtained	 and	
analysed.	 	 Sensors	 may	 also	 be	 used	 for	 tracking	
organisms	or	invasive	pests	as	well	as	sensing	in	the	

farms.		Figure 3	illustrates	how	grid	computing	may	
be	applied	to	improve	productivity	in	agriculture.

MIMOS’ GRID COMPUTING

Beginning	 in	 2005,	 MIMOS	 has	 been	 developing	
the	 necessary	 infrastructure	 for	 a	 Malaysian	 grid.		
Figure 4	gives	a	snapshot	of	the	major	contributors	
as	 well	 as	 users	 of	 this	 grid.	 	 The	 MIMOS	 Grid	
offers	 computing	 and	 collaborative	 resources	 on	
bioinformatics,	 product	 design,	 manufacturing,	
multimedia, financial analysis, defense and public 
safety,	 natural	 disasters	 and	 climate	 studies.	 	 The	
idea	 of	 setting	 up	 a	 Malaysia	 National	 Grid	 has	
strong	 support	 from	 the	 Malaysian	 Government,	
and is clearly identified as a national agenda under 
the	Ninth	Malaysia	Plan.

MIMOS’	 current	 research	 focus	 in	 grid	
computing	 includes	 the	 development	 of	 a	 grid	
portal,	 grid	 middleware	 and	 grid	 infrastructure.		
In	 2006,	 MIMOS	 started	 the	 initiative	 to	 set	 up	
a	 National	 Grid	 Testbed	 which	 connects	 the	
compute	 resources	 from	 local	 universities	 using	
open	standards,	i.e.	Globus Toolkit	and	Ganglia.		This	
National	Grid	Testbed	is	a	platform	for	knowledge-	
and	 information-sharing	among	 the	 local	 research	
community.  Moreover, it also functions as a unified 
supercomputer	 in	 providing	 high	 performance	
computing	 power	 for	 compute	 intensive	 research	

Informatics in Agricultural Planning, Management and Production
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analysis,	 simulation	 and	 execution.	 	 In	 addition,	
this	testbed	has	a	vast	data	storage	capacity	for	data	
intensive	applications.	

	
Organizations	 can	 now	 use	 the	 compute-

intensive	 tools,	 applications	 and	 data	 storage	 for	
advanced	 research,	 for	 example	 in	 DNA	 research	
and drug design.  The grid will also benefit the 
electronics	industry	by	offering	centralized	tools	for	

product	design	and	simulation.		In	manufacturing,	
process	 and	 statistical	 tools	 provided	 in	 the	 grid	
may	 be	 used	 to	 improve	 production	 quality.	 	 In	
addition,	 Malaysian	 multimedia	 companies	 stand	
to benefit from centralizing the game and animation 
development	software,	especially	 for	visualization	
and rendering purposes.  Not forgetting the financial 
institutions,	 the	grid	can	offer	advanced	statistical	
tools for faster financial and market analysis that 

Figure 3.	Grid computing for agriculture.

Figure 4.  Sharing of resources through grid computing in Malaysia.
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will help enhance corporate profitability.  In the 
areas	of	defense	and	public	safety,	the	grid	may	be	
used	for	data	collection	and	analysis	for	the	purpose	
of	 surveillance	 and	 tracking.	 	 By	 having	 the	 huge	
computing	power	of	the	grid,	Malaysia	will	be	able	
to	beef	up	command	and	control	centres	to	monitor	
natural	disasters,	to	use	the	grid	in	climate	studies	by	
using	simulation,	and	to	study	natural	phenomena	
for	 early	 detection	 of	 disasters.	 	 The	 plan	 also	
includes	making	the	technology	user-friendly	to	the	
country’s	 small-	and	medium-scale	enterprises,	as	
well	as	to	corporate	users.		Corporate	users	would	
benefit from grid computing in the same way that 
scientists	 do	 now.	 	 It	 is	 envisioned	 that	 the	 extra	
data	storage	space	and	enhanced	computing	power	
would	 help	 these	 companies	 slash	 their	 spending	
on	computers.	

The	 issue	 of	 security	 is	 paramount	 to	 such	 a	
large-scale	 sharing	 of	 information.	 	 MIMOS	 is	
already	 working	 on	 the	 essential	 security	 features	
for	 grid	 computing	 users,	 so	 that	 unauthorized	
parties	would	not	be	able	to	access	any	private	or	
sensitive	 data	 on	 the	 network.	 	Although	 the	 full	
system	 is	 only	 expected	 to	 be	 completed	 by	 2009,	
some	local	research	institutes,	government	agencies	
and	 industries	 have	 already	 started	 testing	 the	
system	while	others	are	encouraged	 to	participate	
whenever	they	are	ready.

CONCLUSION

A	conducive	tropical	climate	is	no	longer	a	guarantee	
for	 a	 good	 agricultural	 harvest	 in	 Malaysia.		
Nevertheless,	 a	 good	 harvest	 is	 crucial	 to	 assist	
the	 farmers	 to	 compete	 globally.	 	 Moreover,	 with	
the	growing	demand	for	 land	for	non-agricultural	
purposes	 in	Malaysia,	 there	 is	a	 tremendous	need	
for	the	agricultural	sector	to	increase	its	productivity	
and efficiency.  Several of the main challenges 
which	have	stood	in	the	way	to	achieving	this	have	
been	 described	 here.	 	 Informatics,	 which	 involves	
the	 use	 of	 information	 technology	 that	 takes	 into	
consideration	 social,	 cultural	 and	 organizational	
settings,	 may	 be	 used	 to	 overcome	 some	 of	 these	
challenges.	 	These	range	from	the	development	of	
the	 most	 basic	 of	 web	 portals	 to	 assist	 in	 a	 more	
efficient sharing of information to the automatic 
grading	 of	 edible	 seeds.	 	 Even	 though	 these	
represent	 the	 simpler	 applications	 of	 informatics,	
they have been effective in improving the efficiency 
of	 farmers	 to	 market	 and	 sell	 their	 produce.	 	 For	
more	 sophisticated	 applications,	 informatics	
have	 been	 deployed	 to	 engineer	 better	 crops.		
However, to achieve an even higher efficiency and 
effectiveness,	 some	 of	 these	 informatics	 systems	
will	need	to	work	in	a	high	performance	computing	
environment.		This	is	where	grid	computing,	which	

involves	 the	 sharing	 of	 computing	 resources,	 can	
help	to	improve	the	performance	and	effectiveness	
for	 some	 informatics	 applications.	 	 Nevertheless,	
grid computing, whilst retaining the flexibility 
to	 work	 on	 multiple	 small	 problems,	 is	 more	
useful	 for	 solving	 problems	 too	 big	 for	 any	 one	
supercomputer to handle.  In addition to financial 
modelling,	 earthquake	 simulation,	 animation,	 car	
crash	simulations,	climate/weather	modelling,	grid	
computing	has	also	been	 used	 for	drug	 discovery	
as	well	as	many	aspects	of	biotechnology.	 	Within	
the	 Malaysian	 context,	 such	 a	 system	 is	 currently	
being	put	into	place	by	MIMOS.		In	summary,	this	
article	 describes	 how	 informatics	 may	 be	 used	 to	
mechanize	a	cross-section	of	 some	of	 the	complex	
agricultural	 systems	 for	 higher	 productivity	 and	
profits to the farmers.
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