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ABSTRACT , 

food security IS ooe of the essentia l needs which can nt:ver be ignored by any soc iety, including in parti ular 
Indone la. as the world population is expected to rise to around 10 billion marked by 2025 . The problem is that the 
agriculture in developed and developing countries thai follow the path of developed countries experiences create · 
a range of serious environmenta! degradation. An intensive agricultural production through the u e of pe ticide 
and berbicides, forest clearing and continued use of !and resources tor the agricu ltural purposes are not sustainable 
practice . In consequences, degradation of 'cosystem, oil er sion. and low productivity of land, poor wate r 
quality and lost of biological diversity (including microbial and genetic resources) occurred at alarming stale. 
Meanwhile, the efforts in addressing the above situation is traditionally tocused on plant phen types (breeding. 
plant genetic engineering etc .) but the important role of microbial commullities that interact wilh plants to innuence 
plant health and productivity has been largely ignored. The interaction ormicrobes with p lants and its relevant t 
soil fertility and pr ducti ity, the bio- ontrol properties of microbes and challenges toward sustainable agricu lture 
is highlighted. 

hTROD CTION 

Food securi ly is one of the essential need 
which can never be ignored by any society. 
including in particular. Indonesia. The world 
population is expected to rise to around 10 billion 
mark by 2025. Most oftbe population explosion 
is witnessed in developing and under developed 
countries. Il is speculated tbat global demand for 
cereals will increa e from J billi n tones t 2.7 
billion tones and considering the losses in storage 
and processing, the real need may be about 3.4 
billion tones. More people mean more food. Most 
oflhis additional demand needs to be met either 
by improving the crop yield or by preventing post
harvest losses. It is urgent need to intensify the 
agricultural practices, but at the same time must 
address its su tainability. Agricultural practice 
n1U t be carried out without destroying the 
environment on which It depends . The 
development of such a global system for 
su tainable food production is one oftbe greatest 
challenges faced in the future . 

Agriculture in developed and developing 
countries like lndonesia that follow tbe path of 
developed countries experiences already creates 
a range of seriolls environmental problems 
through the use of pesticides and herbicides etc. 
Meanwhile, agricultural production especially in 
many African , Soutb American and Asian 
countries cannot be increa ed without further 
converting more areas into arabIc land. thu 
lbreatening the ecosystem and global biodiversity, 
which is already under stress fTom human action. 
Ecosystems are now in agony. It is characterized 
by erosion. low productivity, and poor water 
quality. Thi mainly cau ed by forest clearing, 
intensive agricultural practices, and continued use 
of land resources ror purpo e that are nol 
sustainable. The biological diver ity, including 
microbial and genetic resources losses occurred 
at alanning tate (Kennedy and Smith, 1995). 
The pressure also worsened since the 
government p !icy in many developing nation 
including Indonesia introducing a new scheme in 
b osting bio-energy which also requires space 
of land to grow Jathropa and palm oil. 
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A major effort in maintaining global food 
sufficiency i traditionally focu ed on tbe 
development of new crop varieties with enhanced 
di ease and pest re istance, greater drought and 
alt tolerance ami better nutritional value through 

the introduction of desirable traits either by 
conventional breeding or plant biotechnology 
including genetic modification . However. these 
effort only focused on plant pbenotypes. What 
has been largely ignored is the important role of 
microbial communities that interact with plants 
to influence plant health and productivity. The 
impact of the microbial world on plant'i is evident: 
worldwide each year, microbial di.~eases cost crop 
producers billions ofdollar. Similarly, the impo~'lnt 
role ofmicrobial resource in soil fertility. as hio
control agent, as bio-remediator elC., ba been 
known for decades . What is less appreciated. 
and less well understood is the pervasive 
influence that other microbes have on plant health 
and growth; they enhance stress tolerance, 
provide disease resi ·tance, aid nutrient availability 
and uptake. Although major advances in genomic 
technologie. and in situ tudies of beneficial 
plant- microbe intemctions have produced a large 
amount of knowledge and given insights into the 
mechanisms of these intemctions.their application 
in biotechnology anu agriculture has yet to be 
exploited. A greater understanding of how plant 
and soil microbes live together and benefit each 
other can therefore provide new srrategies to 
improve planl productivity. while helping to pr teet 
the environment and maimain global bio-diversity 
(Morrissey at al., 20(4). 

PLANT MICROBE INTERACTION 

Th interactions of rhizosphere microbes 
with plants depend on lh establi hment of 
intimate as ociations between tbe two partner' . 
Research on some of these interactions, such as 
tho e between ymbiotic rhizobia and legume ', 
has demonstrated lhat thi~ intimate cooperation 
between plant and bacteria displays a high level 
of ho:t specificity. Different plant pecics, and 
even different cultivars of the same plant species, 
e tablisb distinct microbial population in their 
rhizospbere. when grown in th same oil. The 
formation of these communities depends. at least 
in parI , on the acti vation of peci fi c gene 
expression in the microbe in response to chemical 
signals secreted from the plant. A perlinent 

example is the induction of nodulation genes in 
receptive rhizobia. which are rriggered by the 
production and secretion of particular flavonoids 
by the plant. In the ca e of the rhizobia-legume 
interaction, the plant also responds to bacterial 
'ignals, and it i . likely that lhi . type of chemical 
eros -talk is typical of other microbe-plant 
interact ion . Other example ' of plant-derived 
ignals that influence microbial gene expre ion 

include phenolics exuded from plant wounds. 
which induce expres ion of virulence genes in 
pathogenic Agrobacterium spp.• and compounds 
that mimic tJle quorum sensing signal' 1I ed by 
bacteria 10 regulate gene expre sion (Loh et ai, 
2002: Newton & Fray. 2004). In general, 
h wever. there i' only very few knowledge of 
ignaJIing interactions between beneficial 

microbes and plants . Understanding how 
microbes respond to plant signals in term of 
growth and gene expres ion. and the role that 
plant signalling ha in detennining interaction 
specificity or driving population selection is central 
to reaping the benefits of plant-m icrobe 
interactions. 

Before the advent of genomic technologies. 
scienti L had only limited option to invesligate 
these interaction in detail, particularly with a 
view to their commercial exploitation. Thi. 
situation has changed considerably, now that the 
genomes of more than ten plant associated 
bacteria have been sequenced. and the sequencing 
of another 35 relevant genomes is already under 
way (Puhh::r et al. 2004). A detailed inve ligation 
of the molecular ba is of pathogenic. symbiotic 
and associative plant- microbe intern tions, both 
m [he levels of comparative and of functional 
genomic. is now possible. So far, most data have 
come from comparative analyses with a 
particularempha'iis on mutuality and pathogenic 
interactions. Although comparative genomics 
focuses on genetic potential rather than gene 
expre ion, the e studies do rai 'e some interesting 
questions about the disti.nelion between 
pathogenic and non-pathogenic bacteria. For 
instance, investigation. have already yielded a 
surprising insight regarding type-Ill protein 
secretion systems. These are ordinarily as ociated 
with pathogenicity in bacteria and are possibly 
also involved in non-pathogenic associations 
(Puhler et al. 2004). In the future, transcriptome 
profiling and functional genomics are likely to 
produce more information about microbial 
responses to plant signals and the contribution of 
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specific gene products to the establishment of 
an interaction with the ho l. An important 
question is whether plant metabolites exuded fTorn 
ro t, induce microbial type-In protein secretion 
systems, and , if so. how? Pseudomonas 
fillore cens, for instance is chemotactic towards 
components of root exudates (de Weert ef ai, 
2002), but the global effect of these exudates on 
gene expression in the bacterium is ti II unknown. 
By profiling the complete genetic response to root 
exudates. it will be po sible to assemble a full 
picture of h w gene ex pre ion, and thereby 
function, is modulated in the bacterium after 
perception ofplant signals. IL will facilitate tudies 
ofhow different bacterial species and subspecie 
respond to particular plant'> and bow a bacterium 
responds djfferentially to signal from different 
plant species or varieties. This. ID tum, will lead 
to a better under tanding of the basis of host 
pecificity and host election during microbe

plant interaction . It may also be possible to 
describe general principles of plant- microbe 
communication that define or distinguish 
associative, mutual and pathogenic interaclions 
of microbes with plants. In addition to the 
economic effects of plant disease. microbial 
interaction witb plants can also have seriou and 
direct consequences for human health. 

The effects ofmicrobes on plant pbysiology 
itself have recei ed les attention. altbough it is 
known tbat many food crops naturally produce 
toxic metabolite; potatoe and tomatoe , for 
example. can accumulate high level of toxic 
steroidal alkaloid (Friedman, 2002; Korpan ef 
aI, 2004). The possible role of microbes in 
indUCIng toxin production. or in modifying 
metabolites or metabolic pathway within the 
plant. remains largely unexplored. There are clear 
precedents for this premise, for instance the 
production oC secondary metabolites by plants. 
uch as phytoalexins, in response to pathogenic 

attack and fungal modification of plant saponins 
(Morrisse & 0 bourn, 1999; Bouarab et ai, 
2002). Although it is clearly a complex issue, the 
combination of plant and microbial functional 
genomics with metabolome analy is provides a 
route to start addressing these questions. Future 
bioteclmologlcal developments in the agricultural 
sector- whether based on gene modification 
technology or on tradItional breeding-should 
recognize the importance of plant- microbe 
associations. The ' traditional' plant biotechnology 
sector is based ar und plant breeding and lhe 

selection of varieties with de ired traits. and it 
pay lillle attention to plant- micr bial ecology. 
But the expres ion of desirable traits, such a 
disease resistance, or drought and salt tolerance, 
could equally be driven by interactions between 
a particular plant variety and the colonizing 
micr bial flora. Conversely. particular plant 
genotype may attract a microbial flora with 
undesirable traits . Understanding the genetic 
ba i ofplant-microbe interacti n in the context 
of how the plant sele ts its microbial population 
in the soil may allow 'conditioning' of the 
rhizosphere to promote desirable traits in the 
plant. which is, in fact, the basis of natural 
disease-suppressive soil . intilarly, it is al 0 an 
attractive proposition to influence or modulate the 
microbes that Lnt~ract with the plant to generate 
improved productivity r healtb for the latter. 
Furthermore, bacteria could be genetically 
engineered to confer increased di ease resistance 
or growth promotIon that is only activated when 
the bacterium is a s ciated with its host planl. 
From the perspective ofde eloping nations, the e 
are exciting strategies tbat may help to increase 
yields while avoiding orne of the costs and 
environmental problem that come with tbe use 
of fertilizers, pesticides herbicides and 
fungicides . However, mo t of the microbial 
biodiversity in soil remains unexplored and much 
work remains to be d De to flIst identify and tben 
characterize microorgani m that could be used 
in uch applications. Furthermore, such 
approacbe require a detailed knowledge of the 
molecular signalling that takes place between 
plants and microbe to drive expression of 
desirable traits and suppress unwanted effects 
in a controlled manner. Exploiting plants and 
microbes by lIsing uch an integrated approach 
requires a system biology trategy to understand 
the degree and complexity of plant-microbe 
interactions through the appl ication ofmodem' 
omics' teclmologie . 

Modem agriculture bas gone through similar 
phases in recent history. The fir t agricultural 
revolution in the eighteenth cenhLry introduced 
crop rotation to take advantage ofand manipulate 
microbial populations in the soil, although at that 
time it was not known why tbis benetited plant 
health and growth. The econd revolution, which 
began in the 1960 and is sometimes de cribed 
as the 'green revolution' , wa ba ed on improved 
plant breeding techniques and the development 

f hybrid arieties; it now includes genetic 
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engineering of plants but also a heavy rel iance 
on the use of chemical . We may now be at the 
cusp of a third stage, which will combine both 
approaches in a more hoI ist ic and elegant strategy. 
AppLying knowledge about beneficial plant
microbe interactions in the rhizo phere to planl
breeding and genetic-engineering technologies 
may allow us to increase food production while 
reducing stre on the environment and on global 
biodiversity. 

SOIL FERTILITY AND B IOCONTROL OF PLANT 

PATHOGENS 

Biological control of plant pathogen is 
currently accepted as a key practice in sustainable 
agriculture because it is based on tbe 
management of a natural resource, i.e. certain 
rhizosphere organisms. common comp nent of 
ceo ystem , known to develop antagoni tic 
aetivitie. against hannfuL organisms (bacteria. 
fung i, nematodes etc.). Arbuscular mycorrhizal 
(AM) associations have been shown to reduce 
damage caused by soil-bome plant pathogens. 
Although few AM i lates have been tested in 
thi regard, some appear to be more effective 
than o thers. Furthermore. the d gr e of 
protection varie with the pathogen involved and 
can be modifi d by soil and other environmental 
conditions. Thi prophylactic ability ofAM fung i 
could be expl ited in cooperation with other 
rhizospheric microbial angatoni ts to improve 
plant growth and health. Despite pa t 
achievements on the application ofAM in plant 
protection, further re earch is needed for a better 
understanding of both the ecophy iological 
parameters contributing to effectiveness and of 
the mecham m involved. Current re earch 
based on molecular. immunological and 
histochemical teclmiques IS providing new insights 
into these mechani ms (Azc6n-Aguilar and 
Barea. 1977). 

In su ta inable, low-input cropping sy terns 
the natural roles ofmicroorganisms in maintaining 
soil fertility and biocontrol ofplant pathogens may 
be more important lhan in conventional 
agriculture where their ignificance has been 
marginalized by high inputs of agrochemical . 
Better understanding of the interactions between 
arbuscular mycorrhizal fungi and other 
microorganism i nece, sary for the development 
of 'u tainable management of oil fertility and 

crop production. Many lud ie of the influence 
of mycorrhizal colonization on associated 
bacterial communities have been conducted; 
however. tbe mechanisms of interaction are sti II 
poorly understood. Novel approaches including 
P R-based methods, stable isotope profiling, and 
molecular markers have begun to shed light on 
the activity, identity and spatiotempora l location 
of bacteria in the mycorrhizosph re (Johan son. 
et. aI. , 2004). 

Recent tudy by Khan (2006) and ling et. 
aI., (2007) reported that rhizobactcria adapted to 
heavy metal pollut ion would have an important 
vehicle in developing new strategy for 
bioremediation processes. Their tudy clearly 
show that myeorrhiza cou ld be used to improve 
phytoremediation of heavy metal contaminated 
soil. 

PLAAT DJ E ES 

Fungal plant disease are one of lhe major 
concerns to agricultural production . It has been 
estimated that total losses as a consequence of 
plant diseases reach 25% of the yield in western 
cOLLntrie and almo t50% in developing countrie . 
Of this, one third is due to fungal infect ion 
(Bowyer, 1999). So there i a pre ing need to 
control fungal diseases that reduce the crop yield 
o as to ensure a steady and con tant tood upply 

to ever increasing world population. Conventional 
practice to overcome thi problem has been the 
u e of chemical fungicide which have ad erst! 
environmental effects causing health hazards to 
humans and olher non-target organisms, including 
beneficial Ii te form . 

Chitinases are reported to playa protective 
role again t fungal pathogens (Boller, 1985). 
Beside its ability to attack the fungal cell wall 
directly. cbitinases release oligo- -acety l 
glucosamine that function as elicitors fo tbe 
activation of defense-related responses in plant 
cells (Ren and West, 1992). SUldies on chitinolytic 
microorganisms have yielded a larg increa in 
knowledge regarding their role in inhibition of 
growth f fungal plant pathogen . Moreover, 
extensive studies are required on the maximum 
utilization of chitinous waste for production or 
chit inases and bioma (Gohel el. al., 2006). 

Screening ofthemlophilic microorganisms 
capable of producing chitinase wa carried out 
from several geothermal areas in West Java 
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Indonesia (Rahayu et. al .. 2004) . More recent 
work is to use a molecular method for isolating 
chitina es ITom uncultivated microorganisms. 
Genes encoding cbitinase may be particularly 
intere ting examples of non-essential genes in 
uncultured bacLeria since previous work ha 
suggested that the evolution of the e enzyme 
has been impacted by Lateral gene transfer 
(Gracia-ValJve et al., 1999) . Many types of 
cuILured bacteria and archaea are known to 
degrade chitin but the identity of uncultured 
bacteria degrading chitin in nature is unknown. 
Chitinase genes cloned directly from uncultured 
marine micr organisms suggested the pre ence 
of a large pool of uncultured chitin degrading 
bacteria in aquatic ' y tern . fnformation on 
bacterial chitinase genes is largely restricted to 
cultured r -proteobacteria or gram positive 
bacteria. Since r -proteobacteria are widespread 
in the ocean (Giovannoni et al.• 2000). To acces 
chitina e genes in uncultured ~-proteobacteria 
and in other bacteria, it may be pos ible to u e a 
PCR based approach with oligonucleotide primers 
patterned after conserved amino acid residue 
or after conserved nucleotide sequences of 
chitinase genes in cultured bacteria (Suitil and 
Kirchman, 1998). Molecular methods are needed 
to study chitinase producers without the isolation 
of bacteria in pure culture . Method that use 
nucleic acid probes and PCR primers cannot be 
designed olely with cultured bacteria because 
nucleotide sequences of chitina, e genes Crom 
cultured bacteria so far characterized are very 
different uggesting that the cbitinase. equences 
from uncullured bacteria will differ from the 
culturable ones (CottreU et aI., 1999). 

BIOACTIVE AGEN"r 

Plants constitute an excellent eco ystem for 
microorganisms. The environmentaJ conditions 
offered differ con iderably between the highly 
variable aerial plant part and the more stable root 
system. Microbes interact with plant tissue and 
cells with different degrees of dependence. The 
most intere Ling from the microbial ecology point 
of view, however, are specific interactions 
developed by plant-beneficial (e ither non 
yrnbiotic or ymbiotic) and pathogenic 

microorganisms. Endophytes, micro rganisms 
that reside in the tissues of living plants, are 
relatively un tudied and potential source of novel 

Annales Bogorienses n. . Vol. 11 No. I, 2007 

natural products for exploitation in medicine. 
agri ulture, and industry. lL is noteworthy thaI., of 
the nearly 300,000 planl species that exist on the 
earth, each individual plant is host to onc or more 
endophytes. OnJy a few these plants have ever 
been completely studied relative to their 
endophytic biology. Con equently, theopporturuty 
to find new and ioreresting endophytic 
microorganism among myriad. of plants in 
different settings and ecosystem is great (Strobel 
and Daisy, 2003). 

Recently, a novel fungal genus that produces 
extremely bioactive volatile organic compounds 
(VOCs) i found. This fungal i olate was initially 
discovered as an endophyte in C;nnamomum 
zeylanicum in a botanical garden in Honduras. 
Thi endopbytic fungu , Muscodor albus, 
produces a mixture of VOCs that are lethal to a 
wide variety ofplant and human pathogenic fungi 
and bacteria. It is also effective against 
nematode and certain insect'>. The mixture of 
VOCs has been analyzed using GC/MS and 
consists primarily ofvarious alcohols, acids, esters, 
ketones, and lipids. Final verification of the 
identity of the VOCs was carried out by using 
artificial mixtures of the putatively identif ied 
c mpounds and showing that the artificial mixture 
pos essed the identical retention time and mas 
spectral qualities as those of the fungal derived 
ubstance . Artificial mixture of the VOCs nicely 

mimicked tbe biological effects of the fungal 
VOC when tested against a wide range of 
fungal and bacterial pathogen . Potential 
applications for "mycofumigation" by M. albus 
are currently being iove ligated and include uses 
for treating various plant parts, and human 
wastes. Another promising option includes its use 
to replace methyl bromide fumigation as a mean 
to control soil-borne plant diseases (Strobel, 
2006). Similar microbe also uccessfully isolated 
from lndone ian unidentified vine, generaUy used 
by the j ndigenous people of the Tesso Nilo region 
in Sumatra to treat snakebites (Almosukarto et. 
al. 2005). This unique organism produces a 
number of VOC's nol previously observed in 
other M. albus isolates including tetrohydofuran, 
2-methyl furan; 2 -butanone; aciphylJene, and 
large amount of an unu ual azulene derivative. 
Noticeably absent from the VOC mixture was 
J - butanol, 3- methyl- . Scanning electron 
micrographs of the organism howed a unique 
fishnet-like deposit of what appears to be a 
hiopolymer covering the hyphae. The IT -5. S 
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rONA parriaJ sequence data showed 99% identity 
to the originaJ M. albus strain z-620. in addition, 
an artificial mixture of some of the VOC'. 
produced by this new isolate generally mimicked 
the inhibitory as well as JetbaJ effects of the fungaJ 
VOC's on the test microorgani ms. One of the 
mo t en itive te t fungi was lachybolrys 
chartarum, an organism a sociated with the 
"toxic mold" syndrome of building . Fungi 
belonging to the Muscodor genus regularly 
appear in tropical rainforests throughout the world 
and the e i olate appear to have henul:C11. 
biological, and structural characteristics that 
make them potentially useful in medicine 
agricultural and indu trial application 
(Atmosukarto et. al.. 2005) . 

A highly potent allelopalhic factor , 
lepidimoide, was initially extracted from mucilag 
of germinated cress seed . This compound is a 
sho 1 growlh promoter and inhibits root growth 
( timulatory or inhibitory effects) . This should be 
an importance t the future agriculture. An 
end phytic fungal strain AHU9748 belonging to 
the coelomycetes, c10scly related to tbe genus 
Colletotrichwn. isolated from ColelL~ galeatus, 
demon trate its ability to produce oligo accharide 
having . imilar properties to lepidimoide on thin 
layer chromatography. The phy ico-chemical 
data from ESJ-MS. NMR spectra and other 
analyse also showed the purified pr duct to be 
identjcal to [epidimoide (Tanaka et. at., 2002). 

REeEN" .DEVELOPMENT 

Low pH and aluminum tolerance of 
Bradyrhizobium strain isolated from acid soils 
in Indonesia has been studied (Takashi et. al., 
1999). The strain is evaluated for its effectivene s 
on various cultivar of soybean. In addition. the 
technique f. r the production of BradyrhizobiulII 
biomas i al 'o ' uccessfully developed . A 
pressure cooker fermenter is introduced for this 
process. It is now possible t use of such sy 'tern, 
for the production of biomass economically event 
at soy bean production center a the process do 
not require a , pecial laboratory. In addition, lWO 
stages fennentation system is also developed. For 
thi purpose, cassava starch may be use as a 
sole source of energy for the production of 
Bradyrhizobillm biomas . . 

It al s o important to note, that 
Bradyrhizobiwll may also be inserted directly 

inlo the soy bean seed without affecting 
gemlination . Thi technique could ignificantly 
improve soy bean growth and its productivity. It 
is predicted that Bradyrhizobium may colonize 
root of soy bean quite early during eed 
germination process. This technique aw a 
tremendous re ult as it could effectively forming 
root nodules, maintain the effectiveness of 
Bradyrhizobium in belping the oy bean plant to 
fix nitrogen. In addition to Bradyrhizobillm . 
A zospirillum, independent nitrogen fixing 
bacteria also studied and together with 
Pseudomonas sp. and Bradyrhizobium could 
be inserted into soy bean eed (Sukiman & New, 
1990). Th relation hip between root colonization 
and the effect of inoculation on growth and 
productivity of s y bean continued. The 
experiment of injection of a mixture of microbiaJ 
biomas to oy b an eed could improve the 
production of soy bean in limited triaJ at Musi 
Rawas with the production of between 3.8 and 
4.0 Ton per Ha. 

Intensive study also carried out on the 
identificalion of acetic acid bacteria from 
Indonesian sources. Study i focused on the genus 
of Gillcollobacler (Yamada el. ai., 1999 and 
1000; Kal<;ura et. £II., 200 I: Lisuiyanti ef. al., 
2002;). From their study, it i finned that I ndone, ia 
rich in microbiaJ diversity. Many new species is 
found and some genus including Kozakia and 
Asiana are proposed. The later is mainly isolated 
from flower and recently reported present in the 
mo quito gut. Thi. sought by world scientific 
community to have an importance and significant 
as et for the future strategy in combating malaria. 

[solatjon and screening of endophytic 
microbes from various plant resources in 
Indonesia i intensively carried ut since early 
2000 (Michiko et. of.. 1999: Atmosukarto ef. 01., 
2005, trobel, 2006). A large wllection of 
endophytic microbes is now avaiJable at Re earch 
Center for Biotechnology - Indonesian In rirute 
of Sciences (LlPl) a material for further study. 
Early screening show a significant result toward 
the development of biocontrol agent and for the 
improving quality of soil and plant growth and 
productivity. In addition, an intensivc exploration 
also carried out on fungi and actinomycetes. The 
number of fungi and actinomycetes depo ited at 
Research Center for Biology and Research 
Center for Biotechnology upr now approaching 
6,000 cuJmre. lntensi ve taxonomic study is being 
carried out. Early screening on almost 1,000 
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cultures by Kiohako and Chugai Pharmaceutical 
Company under the collaboration with LIPI and 
NITE (National InsLitute for Technology 
Evaluation of Japan) how promising results. 
Meanwhile, rudy on around 1,800 culture camed 
out by Research Center for Biotechnology found 
there is a change to develop anti viral agents as 
some 16 culture howing to produce anli helica e 
properties , an enzymes re 'ponsible for the 
prol iferation of virus. 

CO LU JON 

Tndonesia has wide range of ecological 
habitats from Puncak Jayaw ij aya (covered by 
iced) to a deep Weber seas laid in the tropical 
belt between Asia and Au traUa. It . hould be a 
perfect habitat for diverse microbiaJ resow-ce 
with abundance of novel taXa of culrurable and 
unculturable micro rganisms of great potential 
value . Microorganisms of Indonesian origin 
houtd be a major ource of genetic information 

to solve many problems in agriculture, industry, 
plant, animal and human health and several other 
biotechnological applications. The vast majority 
of the microbial diver ity ofIndonesia, however. 
is unexplored. It is important to Indone ia to 
formulate . lTategy in harnessing the value of 
microbial resources to impro e the efficient and 
co t erfe tivene in producing a diver. e array 
of novel value-added products and lools, increase 
food production. reduce dependency of 
agriculture on chemicals, lowering the cost of nlW 

materials. all in an environmentally friendly 
manner to provide solution to natural resources 
depletion. environmental, agriculrural, food, 
forestry and public health towards poverty 
eradication and improved liveliho ds of the 
people. It is a priority to Tndone ia to continue 
mapping and sequencing of animal/plant/ 
microbial genomes to elucidate gene function and 
regulation and to facilitate the discovery of new 
gens\e. as a prelude to gene modification. It is 
al '0 important LO determine biochemical and 
genetic control mechanisms o/" metabolic 
pathways in animal plams. and microbes that may 
lead to produ t with novel fooJ, pharmaceutical. 
and industrial use . 
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