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PREFACE

Below-ground organisms consist of microbes (bacteria, fungi, protozoa} and macrofauna
{invertebrates). Their diversity is very high, especially in the Iropical regions. They provide services
which are important for the existence and functioning of natural ecosystems, for instance in 1} driving
the nutrient cycling, 2) regulating the dynamics of soil organic maiter, soll carbon sequestration and
greenhouse gas emissions; 3) modifying soll physical structure and water regimes; 4) enhancing the
amount and efficiency of nuirient acquisition by vegetation {mycorrhiza and nitrogen fixing bacteria);
and 5) confributing to plant health through the interaction of plant pests and pathogens with their natural
enemies, These services ara essential for the sustainability of all terrestrial ecosystems including agro-
ecosystems, However, data on below-ground biodiversity (BGBD) are limited. This could be as a
consequence of ignorance, lack of reseatch (methods), deforastation and/or agricultural intensification.

While there is need fo conserve BGBD, there is also need to evaluate whether such consarvation
brings costs or benefits in terms of agricultural productivity and added value o any ecosystem service,
Answering these questions requires research carried out at the farm level to the landscape level. We
argue that conservation of BGBD provides win-win solutions for productivity and environmental
protection. Quiputs achieved via manipulation of above-ground components (result to intrease in
productivity, biclogical control affectivity, efc) and those manipulated by below-ground components
{results to improvement in soll structure and water regimes through the activity of soil fauna, efficiency
of nurient cycling through microbial regulation; reduction of greenhouse gas emissions/soil carbon
sequestration due to regulation of dacomposilion processes, and increase effectiveness of biclogical
confrol of soil-bome pests and diseases).

As part of the global effort to conserve and manage BGED and in connection with the Convention on
Biological Diversity (CBD) that has been ratified by indonesia, a national core project team has been
formed and taken the Initiative to implement the “Conservation and Sustainable Management of Below-
ground Biodiversity (CSM-BGBD)® programme in Indonesia. Seven such national teams (Indonesia,
India, Uganda, Kenya, lvory Coast, Mexico, Brazil) coordinated by the Tropical Soil Biology and
Fertiity-Centro Intemacional de Agricultura Tropical (TSBF-CIAT) in Nairobl have joined to form a
global project team work of CSM-BGBD. The work is done within the framework of the GEF/UNEP
project. As a precursor to the implementation of the project, a startup workshop was held in
Wageningen University in The Netherlands in August 2002. As a follow-up & technical wotkshop was
held at Sumberjaya-Lampung (Indonesia} in February 2003. One of the points recommended in the
Sumberjaya meeting was that each country held a national workshop to launch the programme. The
Indonasian team held the workshop in 309315t May, 2003 at Bogor, West Java. This book is one of
the outputs of the workshop.
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Conservation and Sustainable Managemant of Belowground Biodiversity

BELOWGROUND BIOLOGICAL DIVERSITY:
SURFACING ITS IMPORTANCE ABOVEGROUND

Soenartono Adisoemarto and Setijatl D. Sastrapradja
Naturae indonesiana, Bogor, indonesla

introduction

The implementation of the Convention on Biological Diversity (CBD) has not given adequate
altention to the belowground blological diversity. The Decision fil of the third COP {1996) has given very
fimited accounts on soll organisms. The indicative fist of thematic areas, included only soll micro-organisms
and nematodes.

By looking back at the achievements of the CBD implementation, one may disclose the parts
of the CBD provisions that have been implemented, and which others have not been reaized. What is more
important is what Indonesia has achieved in the implementation of the CBD. it s a necessity fo know
which field and sectors have been involved in the act and which factors have contributed to such status
and situation of the achievements.

Disclosing the situation will help determining the plan and designing the efforts % overcome
the constraints and the weaknesses in implementing relevant CBD provisions. it is important that
strateqy and action plan developad and implemented ba based on the past experience and the expectation
for the future. All of this consideration will be the starting point in developing further field activities. By
such strategy, action plan, field programs and activities, the direction and the design of tha programs
can be determinad.

After ten years of the CBD, the worid has mads some achlevements in the implementation of
the Convention, by developing thematic work programs (COP, 1996), on marine and coastal biclogical
diversity, iniand water biological diversity, forest biological diversity, and agricultural biological diversity.
This discussion will be focused on the agricultural biological diversity, since this is most ciosely relevant
to the scope of the theme in this workshop.

Conferences of the parties have been conducted as many as € times, and the 7th will be
organized naxt year In Kuala Lumpur, Malaysia. SBSTTA mestings have taken place 8 times, and ali
of these meetings have been conducted in Monireal, Canada. Including ad hoc group meetings, the
relevant CBD meetings have documented the conclusions and recommendations that can be used
for monitoring the progress of the CBD implementation. It has been covéring some issues, including
Identification and monitoring, access to genetic resources, intellectual property rights, blosafety,
alien species, dry lands and sub-humid lands, mountain ecosystems transfer of technology, including
biotechnology, and ecosystem approach.

The last World Summit on Sustainable Development (WSSD) formulated results covering
almost anything concerned with human being and environment. The most important aspect related
to bio-conservation is biological diversity. It is stated that the importance of biological diversity in the
sustainable development as a whole and the poverly levitation becomes the bask: element of human
welfare and human life, and the cultural integrity on this planet. The main tamet of Johanneshurg
Conference as far as biological diversity is concerned, is fo minimize blodiversity loss due to
unsustainable use, which is related to poverty. This objective is planned to be achlieved by the following
strategy (WSSD, 2002).

To include the objectives of the CBD in all sectoral programs and poilcies,
The CBD provisions should be the guidelines, especially by applying the ecosystem approach in wider
senss,

Recognition of the rights of the local commundties as the owner of traditional knowledge, innovation and
practices,
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Traditional and local people should be encouraged to participate in making decision and policy
related to the application of their knowledge,

Equitable sharing of the benefit, as an integrated part of the CBD three-side objective is to be based as
the guiding lines of the implamentation of the CBD provisions,

Consideration on Cartagena Blosafety Protocol and Global Taxonomy Initiative.

Comprehensively, in Indonasia, the plarning and program development to achleve the
objective of the CBD as described above, should include all stakeholders concemed with the use of
bivlogical diversity. From the government sector, it should concen the research and academia and
sectorsl departmants. It is also expectad from the law and legal aspects, economy, public welfare,
community settiement, and information and commumication. The last but not the least is the
involvement of the environmental aspects. From the private sactor, the industries are the other
stakeholder that should be concerned. The traditional and/or local comwnunities will be one of the
important determining sectors in the success of the sustainable management of biclogical divarsity,
Public at large, directly or through the non-govemmental organizations, i also important sector to be
sxpacted to concemn with the management of biclogical diversity.

So far work and activities have been focused on aboveground biodiversity and concerns startad o
grow fowards marine blodiversity. These blodiversity components are relatively more easlly
recognized and, therefore, readlly usable. Thek morphological characters will lead to thelr recognition,
and In consequence, they have better accessiblity. Identification is easier to do, and therefore, the
analyses of detailed contents have beller stars, The aboveground biclogical diversity utifization is
mora practicable. From these facts, ali efforts so far is fo equip human resources and other rasources,
such as financial and physical facliiies, by capacity bullding (including institution buliding), are only
directed towards the management of aboveground and recently marine biodiversity.

Contrary to the above facts, belowground blological diversity still nesd much more
attention. In many practices and facts, especiafly in agriculture, the components of the belowground
biological diversity have shown their important roles. The deeds of these components are shown in
nutrient cycling, action and coordination In the decomposition of organic matters, enemgy and matertal
transfer, bioindication, and maintanance of soll porosity. Thersfore, important as it may be, belowground
biological diverstity still needs to be explicitly surfaced, o that its importance is disclosed.

Better ptanning and utifization according to human's direction have to be started now. Many
sectors and stakeholders must be involved in this effort, be it governmental, private, and other non-
govemmental ones, such as local communities, farmer assoclations, as weill as individual
researchers, according fo their respective capacity. At present, issue on orgafic farming is strongly
launched in Indonesia. To reelly apply this system, the iife networking in the belowground biotic
components must be understood.

implementing The CBD

Adticle 7 of tha CBD s on the Identification and Monitoring of componants of biological
diversity important, especially, for e conservation and sustainable use. As consequences, parties ars
required to identify tha components of blodiversity important for its conservation and sustainable use.

There are other tems that have been continuously addressed under the agenda of the COPs,
For biosafety, Cartagena Protocol on Blosafety has been lssued. The Jakarta Mandate is developed fo
guide the management of marine environment and resources. The Secrelariat has aleo adopted
Biodiversity Day to remind everyone to give concemns on biological diversity. There have been issues
on access fo genetic resources, and they have been addressed to result in the adoption of Born
Guidelines on Access to Genetic Resources and Fair end Equitable Sharing of the Benelfs Arising out of
their Uiifzafion. Alien species received its treatment fo alert parties to ba aware of the threats exposed by
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The Commission on Sustainable Development in monftoring the Agenda 21 has come fo
organizing @ summit conference as the World Summit on Sustainable Development {WSSD). This South
African meeting in September 2002, resufted in the decisions of o many aspects of development, and
one of them is on the conservation of biological diversity. Unsustainable agricuitural practices have
resulted in the large-scale degradation of agrobiodiversity and habitats through the destruction of biotic
and abiotic resources. Somewhat little forfunata is that progress is being made In many regions of the -
world in implementing biological diversity-friendly agricultural practices, especlally giving impacts on sol
conservation,

Based on such consideration, an indicativa list of thematic areas has besn developed. In land
sesources, some of the areas may be related to the conservation of the belowground biological
diversity, such as in sofl erosion control. However, In conducting case studies, only sofl microorganisms
have been given further considerations. In thematic program on agricuitural biological diversity, there
is an indication on the awerensss that soil biclogical diversity has role in the conservation of
agroblodiversity in particular, and biological diversity as a whole in general. The CBD conferences have
addressed the importance of this biological diversity, so as to develop basis for action.

The implementation of the CBD as a whole is in slow motion. This is apparently due to the
lack of understanding and awareness on the existence and the meaning of convention on biological
diversity. Unfortunately, this is the case of the many supposadly to be concemed departments and
sectors. The roots of this situation could be the ignorant atfitude of these departments in the
governmental sector. Biclogical diversity Is not just a form of blots, but rather its contents, roles and
benefits (in material, financial, social, cultural, spiritual matters, etc.) that will need the concerns of afl
sactors and depariments. Tnvolvements of cther sectors, such as indusides, local and fraditional
communities, as well as public at larga, ks of tha same Importance with the other sectors of stakeholders.
The benefits of having concems from all sectors will be immensaly falt by the entire nation.

Many of sectors, espacially outside of conservation circle, that is limited to foresty and
agriculture, have never considered that conservation of biclogical diversity is the concemn with aspects,
such as economy, public welfare, law, culture, politics, information and communication, fransportation,
frade, and whatever constitutes human life. Many of the sectors are close to ignorant to the existence
of the CBD that will determine the fate of the nation. This ignorance In many instances creates contlict
of Inferest between sectars. The mining sector will be in the Interest that is contradictory to the inferest
of the forestry sector. The seftiement sector is not running in the same direction & the agricultural
programs. The regional governments have their own aims in their coramitments. Although the national
govemment is supposed to be directing to a commion goal, In reafity, the skuation is different. Each of the
sectors considers its mission the most important, ‘

The unhappy situation In the implementation of the Convention on Biological Diversity, for the
purpose of conserving biclogical entities for the benefit of mankind is also augmented by the political
mnstablity. The unstable political situation in the country will have two direct impact on the conservation,
namely {1) not enough time aliocated for the meaningful and effactive implernentation program of bio-
conservation, and (2) that the ever-changing government will aiways change its policies, and consequently
will affect the management of natural resources, Including biological resources and blodiversity.

Agroblodiversity: Its Issues

There have been many international conferencas on biodiversity, which discuss not only ite
conservation but also its sustainable utiization, Moreover, the importance of blodiversity for the livelinood
of traditional communities has gained more attention than before the CBD. Surprisingly enough that only few
international meetings have been dedicated to agrobiodiversity, & special group of biodiversity that plays
a direct role to human being.

Many are in the opinion that agrobiodiversity comprises only of crops and domestic
animals. With this coverage FAO has dealt with agrobiodiversity since its inception. Therefors, discussion
on agrobiodiversity is often considerad appropriate to be under the FAQ's wings. In the era of CBD,



4 Adisoemarfo and Sastrapradia

however, agrobiodiversity has a broader concapt than crops and domestic animals. Agrobiodiversity
incida all crops and fivestock, as well as thelr wiki rolatives, and all interacting species, such
pullinators, symbiosis, pests, parasites, elc. (Qualset of &/, 1895). Thus, great ranges of organisms
mmmmmmmwmhmmmhmmwmmum&

Most developing countries depend on agriculture for their economy. The same holds are true for
Indonesia. Almost half of #s population tives in rural areas and agriculture is their main activity.
Though the average landholding is low, the govemment was able to introduce modern technology for rics
farming in late 1960s. Not all famers were in position to adopt the new technology in which imigation is
a must. Moreover, many types of agroecosystems do not fit for rice farming. Instead, many crops are
grown together in mixed systems, which from agroblodiversity point of view differ from place to place.

Various agroecosystems have developed according to naturat conditions, culture, as well as
crop appropriateness. in some places the inclusion of livestock in the systems is done. Home garden
as one of the agroecosystem fypes is well established in Indonesia, In such a garden not only many
crops are grown but aiso tree crops and domestic animals are taken care of. Earler studies have
shown that more than 100 species of plants are found in such a system. Famers are aware of the
importance of sol fertility for thel crops. Therelore, green manure and dung are employed to enrich and
maintain soll health before artificial fortikzers were introduced. They racognize pests and diseases that
ara harmful to their crops. They alen notice organisms that are beneficial for thelr crops. Yet only
recently the whole system is dealt aclentifically.

One compenent of the new rice technology is the high yielding varieties (HYVs). By accepting
these varieties farmers quite oftan abandon thelr own varleties. In this way the old varieties are no
longer in use and in the end thay are no longer avallable. The eroslon of these traditional varnefies
starled to attract the altenfion of the world communily when the Green Revolution was accepted in
many developing countries. FAC togsther with well-known foundations responded to such a
concern and efforts to save genetic resources of crops began. it soon became apparent that not only
rice genetic resources was in danger (o heing lost but all major crops such as wheat, maize, potafo, and
cassava experienced the same fate.

It seems obvious that many concern with crops as the main component of food production, All
associated componenis such as fertiizers, pesticides, imigation, and soil conditions are often considered
secondarily. Therefore, belowground biota and thelr role, Important as it is, have not been recognized
until recently.

Unlike the rest of belowground biota, nitrogen-fixing bacteria has been the subject of many
studies. The role piayed by this group of bacteria In crop production has been realized since the
very beginning of modern agriculture. Recently, mycorrhiza's role in tree crop plantation is
recognized,

The Belowground Biodiversity

Most of the belowground biological diversity has two unattractive characters. Firstly, they are
not easlly recognized for they are t00 small to detect. Secondly, they do not have spectacular and
beautif! appearances. Compared to the grandeur appearances of many or most of the aboveground
biological diversity, the former group is less inviting to the interest of most of the sclentists. As it is
shown In the lists of speakers In this workshop, the treatments of the subjects of studies Is very
sporadic. Mostly thay are dealing with microbes, and much less on invertebrates, and it is befieved that,
judging from the ttles of the subjects, the scope of the discussion Is not purely the inventory of
biodiversity as such. There is stit a very vast space that needs to be filled up. .

An overview on the components of balowground blodiversity has been made, and it shows that
in many practices and facts, aespeclally In agricufture, the components of the balowground
blodiversity has shown their importent roles In many respects. Nutrient cycling, action and
coordination In the decomposion of organic matters, energy and matenal transfer, bioindication, and



Surfacing BGBD Importance Aboveground 5

maintenance of soll porostty, are just the deeds ihat have been given to the success of agriculture,
especially in its productivity aspects (Adisoemarto ef af., 1997, Suhardjono ef af,, 2000).

Belowground blodiversity do not Iive exclusively. There are interactions among these two
“groups’ of biodiversity. Decomposition activities of the belowground biodiversity vl depend on the
types of aboveground partners that will be contributed to the former group to work with. Transier of
energy and mineralization that is conducted by the belowground biodiversity will have no value unless
used by the aboveground components, and the mineralization will not be In progress uniess the raw
materials are supptied by the aboveground components. Pests and diseases caused by the belowground
components of biodiversity are directly related to the aboveground components. There are many ways of
the relationships of the below- and the aboveground biological diversity.

The vast coverage of soil organisms as the components of belowground
biodiversity plays innumerable roles. Albeit, the understanding of these components
is very limited. Inventory in the wider sense is needed for the purpose of utilizing the
existence of these components. Overcoming the problems In many aspects of
agriculture, agronomy, and pest management, for example, will need studies in
general but comprehensive inventory, including the distribution of the belowground
biodiversity in relation to the aboveground components.

The Winning Team: The BGBD Project

It is generally agreed that information on biodiversity richness at the global level though
inadequate at the moment, is avallable (GBA, 1995). Therefors, in canfersnce of the parties to the CBD
Vi (The Hague) , the world community st a target for the world that by 2010 the rate of biclogical diversity
loss will be significantly reduced. However, in order {o come to an agreement on what il means by
*biodiversity foss” and thus reducing its rate accordingly is not an easy task. The mesling in London
recently provided & working definition as foliows, "biodlversity loss is the fong term of permanent
qualitative or quantitative reduction In componants of biodiversity and their potential to provide
goods and services”. With this definition then the sclentific communy can develop indicators to
measure the loss. it was aiso agreed that the bese line rate of blodverglly loss should be based on the
decade of the 1080s rate. Howaver, when looking st specific indicators where data Is available for a
fonger time serles, these will be considered on a case-by-case basis.

As mentioned earlier less information is evaliable for BGBD. Thersfore, the project proposed
by the group of belowground blodiversity (BGBD) is'so timely in accordanct with the 2010 targst of the
CBD. The Global Environment Faclity {(GEF), as the mechanism for the implementation of the CBD's
programs, Is in position to supporting projects that enable parties of the CBD to work together to
solving common problems.

The process from planning of the project, to the submission to the GEF, and finally fo the
approval by the GEF takes a long time. However, these sclentists from seven countries who are
concemed with BGBD have endured the walling. The financial support from the GEF Is indeed
necessary for the group If the group should make the difference in providing evidence for the
importance of BGBD in agricufture. Each participating counlry is basically agraran, rich in
agrobiodiversity, but lacks of resources to really do something significant.

The project on enhancing the consarvation and management of BGBD importart fo sustainable
agricuftural production in tropicst landscapes undergoing land conversion ant/or infensiication is an
objective with a broad coverage. Linking such an objective with the 2010 target of the CBD & becomes
obvious that the methodoiogy o collecting data Is set as a priority. Once the methodology is developed,
agreed and tested the data on the BGBD in many sites of fropical countries will be no doubt available.
Moreover, land use maps of the selected argas togsther with the intensity of their use will be one of the
outcomes of the project.

There are number of ways to measuring aboveground blodiversity. To mention some of
them are extinction based such as that done by IUCN, or area based as in the Millennium Goals, or
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richness based as done by Conservation International with its Rapid Biodiversity Assessment. It is
realized, however, that organisms not yet recognized by science cannotl be measured, For the BGBD
the project will concentrate on selected number of groups of the soil biota that have quantitatively
significant functional roles. From the list of organisms presented in the proposal the project is aiming at a
big picture of BGBD, not only looking at the richness of the species but also the services that they
provide.

A network of sclentists in seven participating countries will implement the project. With a good
management these scientists who have conviction to delivering information on BGBD to other fellow
scientists and policy makers will certainly provide what they promise. However, competence in
hiodiversity in many related fieids Is indeed necessary o support such a conviction. The proponent
of the project is weli aware of this fact. Therefore, capacity development is set as one of the outcome,

Another ingredient for making the project a success is a commitment of all the scientists in the
network. In indonesian language there is no word "commitment”. Only racently the word has been
absorbed to the Indonesian language the way the words president, parlament, surprise are readily
used. However, Indonesian sclentists who join the project ame no doubt will show their commitment as
their fefiow scientists from other countries.

Sustaining The Team Spirit

A project planning is always time corisuming since the success of the project is closely linked
with a good planning. However, |t is also a common phenomenon that in proposing a project quite often
the proponent is over optimistic with time frame for the project completion. The more the number of
scientists participating in the project the more likely that the project cannot meet with the dead line of
complation unless an experience project coordinator is in place. The BGBD group is well aware of this
problem and thus the formation of various committees 1o ensure the project coordination.

Working in & team is a challenge especially If the project is a multidiscipline in nature such as
this project of the BGBD. Moreover, the institutions in which scientists are working spread over seven
countries. It is true that distance Is no longer a limiting factor for scientists to communicate their progress,
yet it is not an easy job for that who has the duty to coordinate the works. Reading the BGBD proposal
carefully it seems that a dedicated group of sclentists is in place. it will not be a surprise if a teamwork
between them soon wilt flourish,

Achieving a success by a team of scientists Is much easier than maintaining it. In order to be
successful in cooperative or collaborative efforts the word networking is tonsidered a must
nowadays. Within a network there is equality among the members bath in rights and duties. It means
that each member should contribute something to the system without some one is giving hinvher
instruction. There are quite a number of existing networks on varlous activities that the BGBD group
can leam why one network is more functioning than the others,

Certainly capacily to camy out activities of this project varies from country to counby and from
stitution to institution, Afthough the same fooling in impiementing the project s expecled for every
mermber, however, it is well thought in the project proposal that capacity enhancement is aimed. At the
end of the project not only the results of the group will be useful for sclentific as well as for practical
purposes, but each particlpating membar will have an added value in his/her field of interest.

Compared to aboveground biodiversity, the number of scientists working with BGBD s less.
Therefore, if the project Is successfully implemented, thers will be no doubt that the success will attract
athers to join. A special attention should be paid to students in the universities who are still looking for
opportunity in fife. BGBD in general is more microscopic than the aboveground biodiversity. Therslore,
more efforts are needed to show what the BGBD is all about to the coming scientists,

The BGBD project Is just starting. As early as this stage it is worth exploring how the activities
are going to be sustained long after the project is ended. BGBD as a whole is under studied. Three fo
five years of research is not enough fo unravel the mystery of belowground kife. A clear vision to
continue activities beyond the life of the project will help the members 1o work In a long-ferm basis. The
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CBD set up the 2010 target, L.e., reduce significantly the biclogical diversity loss. Certainly the BGBD group
is not going to ignore this target in its work program. Moreover, after Johannesburg each country tries
fo talk about the targets on poverty, on water sanitation, on sustainable production and consumption, on
management of the natural resources base, sfc. f and when the BGBD group is able to formulize the
- connection of its activities with those targets, then the chance of its survival is even grealer because
each country will take the BGBD group serously in its agenda of development. A regional instituion with a
long-standing achievement in aboveground blodiversity may act as the focat point of the BGBD group.

From Research to Pollcy

The role of sclence in development was discussed at length in the World Summit on
Sustainable Development. Science based policy decisions are the ultirate goal of the works of scientific
community for society i its contribution to sustainable development will be intended. To achieve
such a goal a parinership between sclentific community and soclety should be in place, However, al
present tha partnership is not well developed. Hencs, scientific research is often consldered as useful
only for science for the sake of sclence but not for development. Therefore, ICSU (international Cotncil
of Scientific Unions) as an outstanding union of national science academies and international scientific
union expressed its commitment in Johannashurg to make science more policy relevant.

One of the BGBD project objectives is recommendation of altemative land use practices, and an
pdvisory support system, for policies that will enhance the conservation of BGBD. Such an objective is
planned to be achieved by organizing mestings, workshops and consultations to report and review the
results of sustainable and replicable management practices for BGBD ¢onservation, Within the word
consarvation covers soclal and economic benefits, Thus the group of BGBD is indeed prepared to
cater advice on good management of agroecosystem to all concernad parties (farmers, scientists,
environment and land use planners). A wide range of target audience that is rather ambitious in nature.

To be appealing to poficy makers the BGBD should response to the sustainable development
wake-up call, L6, to WSSD goals. Among the goals are reducing hunger, reducing poverty,
combating desertification, improving clean water accessibility, and restoring forests. The five objectives
of the BGBD cerlainly-fall into those goals. The question s how to package the research reports so that
they can be digested by the policy makers easily. x :

it doas not need to be emphasized that agricultura Is a sector In most developing
countries that has a vital role in mesting the basic needs of human population. To many small farmers
agriculture is also a source o generate Income. Thersfore, the link between above- and belowground
biodiversity as steted in the project proposal becomes essantial. Since one of the target audience of the
project is farmers and farmers rely on aboveground biodiversity for source of income then fime frame ta
catering the results of the project 1o them Is cructal. It Is true that BGBD provides important services to
the land on which aboveground blodiversity is managed, yet short term benefits for farmers will
determine as to whether or not they will accep! the best practices offered by the BGBD group.

In small agricutural systems various uncertainties operate so that harvests cannot be assured
at the end of farming seasons. Bad weather, resource avallability and market forces are just a few
factors that influence uncertainties. The results of BGBD projects should be able fo reduce such
uncertainties if farmers are expecied to absorb the offered options. For well established farming
systems any new fechnology find its way to be absorbed by farmers if it coupled with the right policy
and incentives. However, in newly developed agricuftural land, such as that around the forests, in which
farmers have no long-term experlences, new technology may have difficulty to spread.

BGBD loss kesps on going while research is still in (mplementation. Human activities in the
agricuftural areas have negative impacts as well as the positive ones. Of the negative ones are the
damage to the solf structures, Application of excessive synthetic fertiiizers and pesticides will alter the
balance of the soil composttion. This damage In turn will destroy the blotic components In the soll.
Unfortunataly this loss has happened before anything is done to understand the condition, Efforts to
reduce this loss may be reduced though researches, in agricultural practices as well as in
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understanding the existence of BGBD. In so doing, the understanding will be improved, and the
freatment to the biota will be enhanced.

At present situation, the knowledge on belowground biological diversity, as looked from some
aspects, shows uneven level. The diversity aspect in Indonesla is limited in groups as well as the
geographical areas covered. In the progress of time, the interests are dwindling down, and the quality is
following the fate of the imerests. Successful agriculture, especially the ever increasing switch fo organic
farming, will nead knowledge on belowground biological diversity, inciuding their roles in the management
of the soil environment. This need can only be fuliiled if the human resources as actors in doing
research in such area reach a critical mass. Formal education, especially in the taxonomy of belowground
biological diversity, is very much neaded. Taking about taxonomy, it will not only cover the fixed
classification as it is taught at present in this country, but rather the true taxonomy that can produce
taxonomic information as needed by the and users. This information will be much needed in developing
the database of the intended biological diversity, showing the role of s components, behaviors,
capabiiity, and the treatment to give accordingly. For fulfiling this need, taxonomy should be treated
hand in hand with the study of genetics, physiology, biochemistry, ecology and other related discipfines
for revealing biodiversity component characlers and abllity,

Results and findings of such research, very limited in number and coverage, ara scattered in
many media, including the gray ones. The publications on this subject are iimitad not only in the number and
coverage, but also in the forms of the publications. In the future, opportunity is open widely for the
studies of belowground biodivefsity, in almost ever} aspact, especially the basic ones. This opportunity
will come frue If the required resources will be provided so that the critical mass will ba reached. Only with
this effort, which is meticuiously planned and designed, the objectives may be achieved.

One wortying fact is ahout what wil hagpen at the end of the project. Continuous funding may not
be In hands; thus the project activities may also be no longer in place. in the project proposal thers is an
optirmistic spirt on the sustainabllity of activities. The BGED group realizes the importance of continuing fis
activities beyond the project's Hfs. Therefore, a not shy promotion by the group to other patential donors
should be started from now, not iater. Such a promotion should be attempted not only once by at any
event that the member of the group attends. it will be sad to see the great effort on BGBD stop, while a
ot are yet to be done.
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introduction

Before discussing about biodiversity, definition of "belowground™ habitat has to be agreed
beforehand, In this paper wa define that "belowground™ represents part of terastrial ecosystem
including soil surface {mulch), humus, sofl and cave. “Belowground” is the most important habitat in
terrestrial ecosystem which has not yet gotten much attention, especially about properties and potency
of s diversity, One element of this diversity that requires attention is soil arthropods.

Whether in number of specles, individual or thelr biomass, soil arthropods have predominated
terrestrial ecosystem (Erwin, 1988, Wilson, 1988}, which in number of species reaches an estimate of
between 30 and 50 milion, Besides, soil arthropods have been recognized to five in various soil
environments and play primary roles in soil ecology processes {Collins and Thomas, 1991). Wilson
(1987} proves that 93% of total animal biomass in one hectare in wet rain forest of Amazone is
arthropods. Research in Canada mentionad that 75% from 1 miltion species of soil biota is arthropods
(Biological Survey of Canada, 1931). In short, diversity of soil arthropods has provided a very high and
wide potency from the biogeographical problems to their ecological roles for deeper rasearch inferests,
including in tndonesian area.

Although their potency is very big, research on sofl arthropods in Indonesia in general is stil
very fow, even no one has explained in detail diversity of arthropod species In certain soil habitat. Even
though information on soil arthropods in Indonesia is scarce, this paper will review results of research
that have been documented and steps 1o do in the future.

Ecological Roles of Soil Arthropods

Terrestrial ecosystems, especially soil, are characterlzed by fast and dynamic change, either
naturally or through intervention. Consequently, soil inhabiting arthropods also expetience these
changes, both thekr species and population. Base line data of these diversity changes are needed,
although data of this kind have not been available vet in Indonesia. Investigation on spacies richness is
important to monitor and simultaneously explain their roles. Roles of arthropods need to be recognized
to stimulate research on survey and monitoring as well as knowledge of roles of soil arthropods in
Indonasla. These Include their contrbution In or as: (1) decomposition processes (Behan-Peliitier,
1993; Kimmins, 1987), (2] microorganism dispersal, (3} energy transfer and mineral movement
{Biological Survey of Canada, 1991), {(4) bicindicator, {5} soll porosity and aeration, (6) pest
{Kalshoven, 1981}, and {7} ecosystem functioning,

Research on Soil Arthropods in Indonesia

In general, research on soll arthropods in Indonesia is very scarce and is generally conducted
at natural forest ecosystems, and only very few at agricultural ecosystems.

Based on habitat type

Based on investigated habitat types (Figure 1), there are only a few publications at the
prefiminary levels, including 23 series in forest habitat, four series in plantation habitat, six series in
Kart-Cave habitat, and two very common publications.
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Figure 1. Research on soll athropods in Indonesia based on habitat types.

This condition is discouraging, considering broadness of habitet diversity in Indonesia, but
research on the different habitat types is very scarce. This needs more aftention from all of us to
encourage research in this ares. This research is baldly needed for optimal and sustainable land use.

Based on discipline

Based on sclentific discipfines, there are 20 publications at the survey level, not species
characterization of soil arthropods (only morphospecies), and need to be rechecked. Three
nublications explain a very common ecology and 12 publications are on taxonomy limited to Collembola
(Figure 2).

Research on ecology, even at survey lavels, is limited by weaknessas in taxonomy area. A
number of survey studles collide with spacies identification of soll arthropods collected; thus, separation
is only based on differences in axtemnal morphology. It can be said that no taxonomist is interested in
ong of the taxonomic groups of soll arthropods in Indonesia except Collembola. This has limited
research on soil arthropods in indonesia.

Based on taxonomic groups

Based on taxonomic groups investigated, there is also only a few studies conducted in
Indonesia (Figure 3). Here, there are only 17 studies investigating Collembola, followed by insect (nine
series), and arthropods general (eight series}. Almost all of the publications nelther explain existence
of new species nor depict diversity at a certain habitat. Research is still limited to certain taxonomic
groups in limited areas. Thus, the number of noted or identified Collembola species is about 300
{Suhardjono, 1988; Suhardjono, 1989; Suhardjcno and Deharveng, 1992, Deharveng and Suhargjono,
1994, Deharveng and Suhardjono, 2000, Yoshii and Suhardjono, 1988; Yoshii and Suhardjono, 19923
b). |f the number of Collembola species is estimated to reach 6000 woridwide, in Indonesia there
should be at least about 600 - 1000 species. By field experience, Indonesia is rich of species included
in the families of Paronaflidae and Enfomobryidae. Both families have very high species diversity.
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Figure 2. Research on soll arthropods in Indonesia based on scientific disclplines.
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Figure 3. Research on sol arthropads in Indonesia based on taxonomic groups.



12 Suhardiono and Ubaidiltah

Human resources responsible for taxonomy have been one problem in some countries
{(Noyes, 2000 pers. com.), including Indonesia. This is a challenge-to all of us. Without faxonomic
expertise, it will be difficult to understand species diversity of soil arthropods.  Taxonomic trainings at
early levels are required to be developed, and encouragement to all.young biclogists to have an
interast in taxonomy area neads to be ¢reated.

Based on region

Despite widespread distribution of the Indonesian regions, research on soil arthropods is
limited only to certain regions. Research conducted in Java Island is documented in 16 publications,
Sulawesi and Maluku eight publications, Kalimantan four publications, Lombok and Sumatra one
publication, respectively, and Eastern indonesia five publications (Figure 4}, Most of the Indonesian
research institutions are located in Java.
Te develop research in other regions, research network has to be regularly created. Thus, acceleration
on soil arthropod research in Indonesia can be implemented.

Comparison with Other Countries

Malaysia

The mumber of resaarch on ecology of soil arthropods in Malaysia is higher than that in our
country. Research on abundance changes of seasonal population and sof macrofauna has been
conducted intensively (Kondoh eof af, 1980} They also compare differences of microhabitat, for
example, in covered soils population of Diptera and Hymenoptera is higher than that in open soil, but
population abundance of Thysanoplera is higher at the surface of open soil. Fiuctuation of changes of
seasonal population abundance and biomass in Pasoh do not reflect significant changes compared to
research in Japan (Kondoh et &/, 1980). Research of taxonomy and behavior in Malaysia is not more
than in Indonesia. Thus, both countries experience the same limilation.

No of publications
16 i

ma N

Jawa Sumatrg Sul+Mak Kalimtan Lombok Indo

Figurs 4. Ressarch on soll arthropods In Indonesia based on regioos.
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Thaifand

Research works of some Japanese researchers (Takeda, 1981, Watanabe and
Ruaysoongnem, 1984) have opened opportunity to investigate soil arthropods in Thaltand. However, in
general research advancement has not been satisfying. Research comparing abundance of
Collembola in some types of ecosystems has been conducted; expressing that 23% of total soil
arthropods is Collembola in forest ecosystems and 12% in agriculture ecosystems {Takeda, 1981).
Population of Collembola in forest ecosystams is 4 times higher than that in agriculture ecosystems.
Acari and Collembola predominate about 76% and 93%, respectively, from total micro arthropods in
agriculture ecosystems {Takeda, 1981). Comparison the surface of cleaned and burned soil shows an
increase of almost 50% of population abundance and biomass of macrofauna {Watanabe and
Ruaysoongnern, 1984). At glance, number of research in Thailand is a little bit more than that in our
country.

West Afiica

Research advancement of soil arthropods in West Africa is not so different from that in
Indonesia, Works in ex- burnt soll shows degradation in number of species, individual and biomass.
Mesofauna {Acari and Collemboia) decrease about 45% and Lumbricidae and Collembola reduce to
only 6% at high fire intensity. To return to the condition before fire takes 4 to 7 years for Collembola
{Huhta et al, 1969). Although forest fire continuously happens in Indonesia, intensive research to
investigate the loss of soil fauna diversity fauna has never been carried out.

Present Status of Knowledge on Soll Arthropods in Indonesia

Diversity

Research on soil arthropods in Indonesia was initiated in Jawa Barat by Dammerman in 1925
and 1937, providing information on some species of soit arthropods, Mollusca, Vermes and
Oligochaeta. Research was then continued by Indonesian researchers 20 years later (Soehardjan,
1957) and subsequently in the following 20 years (Adianto, 1979; Gunadi, ef al., 1992, Merciyanto ef
al., 1997, Suhardjono, 1982; Suhardjono, 1985a; Suhardjono, 1985b; Suhardjono, 1997, Suhardjono,
1998; Soehardjono ef af, 1997). Unfortunately, all the research works have not been able to explain
species diversity of sofl arthropods in certain habitats in West Java. In general they only describe
specles based on rough morphological differences (morphospecies). Knowledge on diversity that we
expect has not been realized. :

The main constraint wa face in investigating species diversity of soil arthropods is the absence
of taxonomists. So far only certain families of Collembola that have been characterized (Del
and Suhardjono, 1994, Suhardjono, 1982, Suhardjono, 1989a; Suhardiono, 1989b; Yoshii and
Suhardjono, 1992a; Yoshil and Suhardjono, 1992b). Reports on arthropods in agriculture ecosystems
ate gven very scarce {(Kalshoven, 1981). -

Taxonomic abilty

Identification to the species level is absolutely demanded to explore diversity of soil
arthropods. Unfortunately, knowledge on identification has not yet been avaifable In our country, As a
result, a lot of collections from arthropod researchers cannot be described precisely. Efforts to send
samples abroad for identification are also almost impossible because of the high cost. This problem
neads inftiatives by high-level policy makers fo build capacities of human resources with identification
capability.

Soil fauna database
Information transfer and acceleration are preraquisite to develop sclence. Information transfer

can be accommodated through databases. Unfortunetely, In Indonesia databases have not been
avzilable. In the United States of America, such databases have been built since 1991 by developing
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software COMPESA (Computer Taxcnomy and Ecology of Soit Animal), and in Europe ECOBASE/soil.
Pusat Penelitian Biologi {Center for Biological Research), LIP! have published databases for diversities
of all Indenesian flora and fauna called IBIS (indonesian Biodiversity Information System) version 2.0.1,
in which data input is still underway and NBIN (National Biodivesity Information Network). Both projects
do not specialize for soil arthropods, but rather general. Therefore, a more specific database for
diversity of soil biota is required for information transfer.

Rofes of arthropods

Although knowledge on the roles of soil arthropods is obtainable from various studies in other
couniries, case studies of indonesian experience have not been available. Therefore, it not surprising
that we have not understood how to manage soil correctly from the view point of arthropod roles. This
is very ciear by the absence of proper soil management in Indonesia. The main constraint Is lack of
database as starting point.

Development Program

For the development of knowledge on soll arthropods in Indonesia, some strategic steps are
needed. The sleps are preceded by analysis of constraints and problems faced in the development
program.  Characterized problems have o be classified to determine prioriies. These problem
priorities that need to be solved include some examples below.

Human resources

Human resources represent early foundation for development of knowledge on soi
arthropods. Human resources in general can be developed from various levels and cerain authorities.
In educational institutions they can be developed through students or young lecturers interested in
conducting research on sofl arthropods, while in research institutes by institute specification according
to their mission to develop young researchers. These two soclety groups reprasent polencies that can
be considered as key capital for scientific advancement.

These development efforts have to be designed based on proper steps and priorities. Things
to be paid attention to in this step include short-term development, mid-term development, and long-
term development. The steps should also indicate working priorities that must be completed. Below is
an example.

1. Shortterm (year 1- 2)
+ [ncrease of quality and number of students
»  Formation of small groups in research or educationaf institutions to encourage human
resource bullding
o Development of joint activities to manage soft arthropods
» Training of basic taxonomy and socialization of arthropod roles
2. Mid-term(year2-4)
« Development of field of studies dealing with soil biota (S2 and S3)
« Formation of inter-institution working groups for human resource development
« Estabiishment of joint activities between Institutions {professional association)
« Regular Iraining on taxonomy and biology of soit arthropods for mid and high levels
3. Long-term (year 4-eic.)
+ Settiement of field of studies that specifically deal with problems of soit biota
{taxonomy, ecology, behavior, physiology, etc.)
» Fstablishment of working groups at national level to monifor human resource
deveiopment
Development of national association of soil biota
Reguiar training on taxonomy and biology of soil afthropeds at national level
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Research network
Research network is needed in developing knowledge on soil arthropods. Research network
can be formed in a few steps, among others are as foliows.
» Survey of all soll arthropod researchers in Indonesia
« Development of databases d having the same mission and visicn nationally
» Expertation through formal institution or association
» Installment of motivator in research network formation

Facitties
Facilifies represent important components in developing knowledge on soif arthropods. Below
are some aspects needed to be developed,

e Books are main keys in obtaining existing information. A major constraini faced by ali
students or researchers in their knowledge development is the limitation of joumals and
fextbooks

» Lack of communication networks between soil arthropod ressarchers 5 also a serious
constraint. One solution is formation of working groups fhat can be used for communications
such as suggested above.

» Electronic media for information and book search have been used by some researchers.
Therefore, development of electronic netwark needs to be formed to increase communication.

Research program

Research aspects that require to be camied out include exploration of species diversity in
verious habitats. This can be conducted with cooperation between institutions having ecology and
taxonomy capacities. Collectively they can develop short-term research programs in agriculture
scosystems, considering that land exploftation continues regardless of bad management methods,
whereas information on agriculture ecosystem is still lacking. When elementary research (taxonomy) is
finished, research on ecology and monitoring can be executed simultenecusly. -

Conclusgion

In developing knowledge on soil arthropods, some concrete steps must be taken. Firstly,
development of knowledge on soil arthropods starts with instaliment of visions stipulating all lecturers
and researchers the goals of the development to be reached together. Secondly, establishment of
networks based on the visions we agree on. Thirdly, compilation of short-term, mid-term, and the log-
term programs based on priorities agreed fogether.
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Introduction

Potency of dry fand in Indonesia is reaching 56 million hectare, but only about 64 %
representing productive land for agricullure. This is because the land is predominated by Ultisol and
Oxisol types. Thess types of iand of represent marginal land needing additional actions for better
productivity. Therefore, development of agriculture systems of emphasizing on land potency and
anvironmental sustainability are required. Conservation tillages, Including minimum tilage and no
tilage, can be an afternative solution {Utomo, 1890,

Chemical and energy inputs at the intansive agricuiture system should be reduced to increass
economic resillenca and snvironmental quality {Stinner and House, 1890). Due to the importancs of
biota in soil as an indicator of land quallty and productivity, so that the knowledge on activity of soll
biota is of vital importance.

For some years, soit biola have not yet gotten a lot of attention afthough it has been known
that they ptay important roles in dynamic processes in agricultural ecosystem (Crossley ef af, 1989},
Soil biota play important roles in improving solt organic matter through their role as early decomposers
of organic liter, Collembola and micro-arthropodes play important roles in controfling decomposition
process of organic matter (Dittmer and Schrader, 2000). Earthworms have an effect on the nature and
charactaristics of soil through their eating, casling and caving activities. Through these activities,
earthworms can improve infiltration, aeration and stability of soil aggregatss. In addifion, earthworms
casting has higher nutrition contents compared to the surrcunding soll (Kladivko, 2003). Neverthsless,
soil biofa are very sensitive to disturbance caused by soll tilages.

Soll conservation tilage systems represent one of altematives to reduce ercsion and "take
care of" solii, improve biodiversity and soll organic matters, and maintain crop productivity (Edwards ef
al., 1993). In soll conservation tiflage systems, crop rotation and herbicids use to depress weed growth,
and also mulching are important, \

Continuous use of herbiclde in soil conservation tliage systems is considered to decrease
non-target soll biota. Therefore, the herbicikies used in soil conservation tikage systems shoukd be easy
to degradation in soll. Some research results showed that application of glyphosate herbicide of up to
21 seasons did not decrease population of arbuscular mycorrhizal fungi (AMF) (Yusnaini ef &/, 1999),
diversily of earthworms and mesofauna (Niswati of &/, 1997) and population of Rhizoblum (Yusnaini ef
al., 1987}. Molla ef al. (1987) mentioned that at normat dose, pesticides do not have an effect on sofl
mesofsuna,

Eariier long-term research is needed as earlier investigations indicated that sufficient time is
required before some soil conservation systems reached the balance of production, diversities of weed
and soil biota, soil organic matter contents, and chemical properiies of soil {Alamaras and Dowdy,
1985).

Therefore, studies of impact of long-term conservation tillage systems by using glyphosate,
and nitrogen fertilization on population and activitias of soll biota are worth pursuing,
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Materials and Methods

Research Location

Experiments were conducted at the Politan, Unila experimental station, Hajimena, Bandar
Lampung, Indonesia, representing location of long-term research on conservation titages, started in
1887. Crop rotation applied was cereals (com or upland rice)-legume (soybean, peanut, or green nut),
Nitrogen fertilization was only applied fo cereals.

Factorial treatments (3x3) in a completely randomized block design with 4 replications. The
first factor was conservation tilage systems (intensive soll tilage-IT, minimum soff tilage-MT, and no
soil tillage-NT), and the second factor was dose of N fertilization (withott N-NO, 100 kg N ha'-N1, and
200 kg N ha'-N2). As control, herbicide-free soll with Imperata cylindrica vegetation was used.

At the intensive sofl tillage treatment, soil was hoed and harrowed up to 25 cm, then litter and
weed were cleaned. At the minimum sofl tillage, soil was hoed, litter and weed were brought back to the
soil as muich, At the no-tillage treatment, soil was not mechanically manipulated at all except hole or siit
for sowing the seeds, fitter and weeds were used as mulch. Weeds were conlrolled using isoprophyl
amine giyphosate with the doses of 7 L ha'; 5L ha'; 3,5 L. ha' of Round Up, respectively, for the first,
sacond, and third season, then for the following seasons the dose was 1,75 L ha' of Round Up.

Nitrogen fertilization was applied In two steps, i.e. 1/3 dose was given 7 days after planting,
and the rest was given just before com flowering. TSP and KCI with doses of gach 200 kg ha' and 100
kg ha', respectively, were used as basal fertllizers. Comn varieties used were Ploneer-5 and Ploneer-12
with the planting distance of 20 x 75 em?,

Sampling

Soil sample was taken at the planting seasons of 21 and 29 on cornfield. Sample was taken in
November 1996 (before application of herbicide and fertilizer before planting) and January 1997 (after
application of herblcide and fertilizer before harvesting). At the end of 28* planting season, alf plots of
conservation tiliage were tilled and sofl samples were taken in January 2001 (before plowing), and May
2001 {after plowing).

In each experimental field, as many as 5 soil samples ware taken randomly using a ring (5,5
cm diam., 6 cm height) for soil mesofauna, and a wooden box {25 x 25 em?) for fitter mesofauna and
earthworms. Mesofauna samples were extracted with the modified method of barfesse fulgreen
{Jackson and Raw, 1966). Population of sarthworms was perceived with the method of direct
enumeration {hand sorting method) {Anas, 1980}. *

For observation of soll chemical properties, as many as 3 soil samples were taken randomly
from each experimental field, then bukk in composites. Soll chemical properties observed were pH
{tetrameter), organic-C (Walkley and Black), and fotal-N (Kjeldhal} {Thom and Utomo, 1991).

Data were analyzed using analysis of variance and continued with multiple comparison of LSO
at tha 5% level. Diversity index of mesofauna at each experimental field was evaluated using Shannon
diversity index (Odum, 1871).

Results and Discussion

Earthworms

Earthworms represent soil macrofauna whose existence in soit Is of vital importance in
improving soil quality. In general, earthworms play roles as early decomposers of organic matters, and
in improving sofl aggregates. Earthworm's existence in soil is influenced by soil microclimate.
Earthworms grow and multiply in general at soil with pH 6-7, high organic matter contents, and humidity
of 25% - 40%.

At planting season 21, experiment on conhservation tillage systems indicated that population
and biomass of sarthworms before planting {(November 1996) did not differ for both sofl tilage and
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nitrogen fertilization treatments, but showed significant differences before harvesting (January 1997}
{Tables 1 and 2).

18D test indicated that earthworm population and biomass before crop harvest were
significantly different between conservation tilage (MT and NT) and infensive soll tilages (IT).

in Table 1 shown that poputation of earthworms before harvest in conservation tillages was
nigher than In natural conditions, This indicates that conservation tillage systems can improve soil micro
environmental conditions, generating positive impacts o earthworm's existence. This can also be seen
from the increase of soil organic matter contents (C-organic), fotal-N, pH and more supportive
temperature for earthworm growth at conservation tillages (Table 5).

in general, earthworm genera found in all treatments were Pherefima and Phanfoscolex. This
indicates that both nitrogen fertifization and soil tillage treatments did not affect generic diversity of
earthworms.

At the 29t season, before planting {before soil tilages), soil tillage treatments did not show
significant difference in the biomass and population of earthworms, while after crop harvest {after soil
tilages) earthworm population was influenced by soll tillage treatments. Earthworm population was
highest at the no-tilage system, and differed from earthworm population at minimum and intensive
tillage treatments. Less effect of conservation tillage on earthworm population before planting time was
mainly due to after 28 planting seasons, the whoie soils were plowed in both intensive soil tilage and
conservation tillags treatments. Soll samples were taken bafore (January 2001) and after (May 2001}
soil filages.

Table 1. Effect of long-term conservation soll tillage systems and nitrogen fertilization on
population of earthworms in cornfield

Earthworm population (individuals m?)
Treatment 21%season 29*season
Soil tillage Before Before Before Before
planting harvesting planting harvesting
intensive tillage 14933 a 177333 8887 a 69333
Minimum tillage . 28267 a 636080 87118 72898
No-tillage 19457 a 48575 b 100.22a 10133 b
N fertilizer (kg N ha')
0 21333a - 39467a 10133 a 7822a
100 201333 46508 a 9244a 8533a
200 21200 a 40542 a 9244 a 8355a
Control 362 84.16

Note: At same column, numbers followed by same letters do not differ at 6% level of LSD test.

Non-significant differance of population and biomass of earthworms among treatments before
planting was possibly caused by soll compaction of at the NT system. Compaction can inhibit
earthworm proliferation. Moreover, this might also be caused by dry condition at the time of
observation. The same resulis were obtained by Kiadivke {2003) who found that conservalion and
conventional tillages did not significantly affect sarthworm populetion after 10 years of com planting in
the summer season. After crop harvest, however, NT treatment that had previously been plowed,
improved soll structure, so that the earthworms can grow and strive befter as shown by increase of
earthworm population,

Compared to results of planting season 21, population and biomass of earthworms were of
tower. This might possibly caused by of season 29 the lower organic matter contents as well as pH at
planting season 29 compared to planfing season 21 (Tabie 5). Earthworms grow and develop better at
pH of about 6 and optimum at pH 7.
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Table 2. Effect of long-term conservation soil tllage systems and nitrogen ferilization on biomass of
earthworms in corafield

Earthworm biomass (g m?)

Treatment 21 season 28" season
Soll titage Before Before Before Befora
ptanting harvesling planting harvesting

intensive tilage 299a 1,712 042a 0,3%a
Minimum tillage 8,99 a 2878b 041a $38a
No-tillage 538a 1422b 0,48 a 044a

N fertilizer (kg N ha-1)
0 594a 6,782 0402 D43a
100 351a 16,68 a 047 a 041a
200 792a 21.25a 042a 0.3 a

Control 10,64 1,50

Note: At same column, numbers followed by same letters do not differ at 5% level of L8D fest,

Soit mesofauna

The number of litter and soil mesofauna were not influenced by soll conservation systems and
nitrogen fertifization, except tha number of soil mesofauna before planting (November 1996) (Table 3).
Diversity of litter and soil mesofauna were neither influenced by soil conservation systems and nitrogen
fertilization, except diversity of litter mesofauna before harvest (January, 1897) (Table 4). The lowest
diversity of litter mesofauna was obtained at the intensive soll tilage treatment, while diversily of fitter
mesofauna at the treatments of minimum tillage and no-tillage was not significantly different (Table 4).

Table 3. Effect of long-term conservation soll tiliage systems and nitrogen fertlization on population of
litter mesofauna and soil mesofauna in cornfield at the season 21

Mesofauna litter (ind. m~) Soil mesofauna (ind.dnt’}

Treatment 215 sgason 20% season
Soil tilage Belore Before Before Before
planting harvesting plariting harvesting

intensive tillage 658,31 a 269,33 a 84,058 60,76 a
Minimum tilage 981,33 a 250,33 a 164,74 b 6251a
No-tillage 610,00 a 25133a 164,69 b g171a

N fertiizer (kg N ha'')
0 838,67 a 194,66 a 137,84 ab 6367 a
100 20400 a 32533 a 100,48 a 7653 a
200 557,33 a 196,67 a 180440 7478a

Control 149,28 84,16

Note: At same column, numbers followed by same leffers do not differ at 5% level of LSD test.
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Table 4. Effect of long-term conservation soil tilage systems and nitrogen fertifization on diversity of
jitter mesofauna and soil mesofauna in comfield at the season 21

Diversity of litter mesofauna Diversity of soil mesofauna
Treatment Before Before Before Before
- plantng __ harvesting __ planting ~harvesting
“Soiltllage
intensive tilage 117a 1.27 a 149a 150a
Minimum tillage 114a 165b 1612 148a
No-tillage 1.06 a 1,78b 1,70 a 165a
N fertlizer (kg N ha-1)
0 1,16 a 1534 157 a 1543
100 0,93a 153 a 166 a 143 a
200 1,27 8 1848 157 a 182a
Control 1,40 1,50

Note: At same column, numbers followed by same letters do not differ at 5% level of LSD test.

Diversity index of fitter mesofauna was influenced by soll conservation systems before crop
harvest {Table 4). Lowest diversity {1,27) was found at the intensive soll tHllage before harvest, which
differad from diversity at the minimum sofil tillage (1,65} and no-tifage (1,78). High diversity at the
conservation tilage compared to intensive tillage wes aftributed to accumulation of organic matters on
the surface of the soil. Organic matters at soil surface are food sources for soil mesofauna, resulting in
higher diversity. This is refated to the roles of the mesofauna as soil biota decomposing organic
matters. This resulfs are in line with results obtained by Sabatini ef 8. (1997) and Stiner ef &f. (1988)
that Shanon-Wiever index diversity is higher at the minimum tillage than conventional tillage with
shaliow plough (0-25 cm} or desp plough {0-50 cm) systems. Coffembola and Acarina are dominant
mesofauna compared to others.

Alteration of soil chemical properties

Responsa of soli biota to ecosystem changes differed in each group of soil biota. Therefore, it
Is important to undarstand primary factors playing roles in influencing activity of soil biota. One of soil
characteristics related to activity of soll biota is soll reaction {pH) and soll organic matter contents.

In Table 5 it Is shown that in all of freatments, soil pH tends to decrease compared to natural
vegetation, and this decreass Is highest af the intensive soil fillage followed by fertiization. This pH
decrease affects sofl fauna, Earthworms are very sensitive io soil pH change. Although organic matters
are abundantly available, at the pH of below 5 earthworms are difficult fo grow and multiply {Yusnaini of
al., 1999).
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Table 5. Alteration of some soil chemical and physical properties by application of long-term soll tillage
techniques and nitrogen fertilization

Treatment pH Crg.-C Tot-N Temperature
BO KSR (. Q)

Planting season 21
Centrol 620 580 1.60 0.20 - -
ITNO 551 458 1.80 0.13 3325 2675
IT N1 53t 437 1.83 0.14 3400 2683
fT N2 508 413 1.96 0.14 3333 2875
MT NO 58t 485 290 0.15 3325 2566
MT N1 558 45 240 6.16 3375 2650
MT N2 531 4.31 238 0.14 3275 27100
NT NG 580 43 2.30 0.15 3425 2580
NT N1 546 456 2.25 0.14 3326 2650
NT N2 508 416 2.24 0.15 3266 2650

Planting season 29
ITNG 489 455 152 0.08 2767 2700
ITN1 518 481 1.61 0.05 2747 2783
ITN2 508 489 1.62 0.09 2783 2117
MT NO 481 429 1.52 o1 2833 2700
MT N1 485 465 1.76 0.08 2683 26567
MT N2 503 482 165 0.08 2783 17
NT NO 46 4.2¢ 168 p.08 2633 2683
NT Nt 475 452 168 0.13 2817 2683
NT N2 472 442 1.78 0.10 2788 27150

Note: IT = intensive tikage, MT = minimum tillage, NT = No-tillage

Different from soil pH, at the season to 21, soil organic-C content sharply increased compared
to control {natural vegetation), especially at treatments of minimum tillage and no-titlage. This increased
organic matter content affects positively activity and existence of sofl organisms. This is because
organic matters are anergy sources for soil organisms to grow and strive.

Conelusion

Long-term conservation soil tilage systems and nifrogen fertifization give varied effects at
aach treatment and time of observation. In general, conservation tilages (MT and NT) increase the
earthworm population, especially before harvest et the season 21 (January 1997). This is also true for
population and diversity of soil mesofauna and fitter mesofauna.
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introduction

Soll organisms either macro-, meso- or microbiota play a very important role in the functioning
of soil ecosystems. Their role in soil organic matter decomposition, nutrient cyciing, nutrients availability
and nutrient uptake, soil physical properties, prevention of nutrient leaching and growth inhibition of
plant pathogens are important. These services are important to the functioning of soil ecosystems as
well as for sustainable managament of agricultural ecosystems.

Decompaosition rates of litter depend on litter quality and microbial and faunal population and
their activities {Swift of al. 1979). Microbial decomposition of litter has been reporied fo be primary
fimited by nutrients such as P-availabliity in tropical forests and plantations {Duah-Yentumi ef af, 1998).
On the other hand, litter corminution by macrofauna and microphytophagous mesofauna and grazing
of meso- and microfauna on fungt and bacteria refeases nutrients. Below ground interactions among
soit fauna, microbes and roots influence the above ground herbivore systems (Scheu ef al, 1999;
Scheu and Setéld, 2002).

Functional groups of soil microbes are the groups of microbes, which have a cerain ability
where other microbes do not. Some of the important functional groups of soil microbes are nitrogen
fixing bacteria, phosphate solubilizing microbes, cefiulolityc degrading microbes and non-pathogenic
Pseudomonas. Symbiotic (Rhizobium) and non-symbiotic nitrogen fixing bacteria such as Azotobacter
and Azospirifium undoubtly have a significant contribution to the nitrogen input in natural ecosystems.
This is also true for phosphate-solubilizing microbes which make insoluble phosphate becomes soluble.
This soluble phosphate is available for plants and microbes. Other groups of microbes have ability to
produce ceffulase enzymes enabling them to degrade cellulosic materials. Population and the activities
of these functional groups of microbas are affected by quantity and quality of the organic matter input
into @ certain natural ecosystems as well as by the environmental factors such as availability of
nutrients and microclimate, : -

Many reports have concluded that conversion of primary forest to secondary forest, plantation,
agriculture land and pasture has a large impact on above ground biodiversity, carbon storage in
blomass and soit and may substantially alter carbon sink. This conversion of primary forest also
change, the amount and quality of organic matter input to that particular ecosystems, alter the
microclimate such as temperature, humidity and soil water content significantly. These changes
undoubtedly affect the microblal composition and their activities in the soil.

The new type of ecosystems may play an outstanding role not only in respect to above ground
biodiversity (Gentry, 1995} or water turmover {Stadtmilier, 1987) but also to carbon sequestration and
storage (Soepadmo, 1993; Dixon ef af, 19984). However, knowledge about below ground biodiversity
especially in the tropical rain forest is very limited. The largest uncertainty with respect to carbon tura-
over in the tropical rain forest yet exist in the below-ground compartment in particular for processes
such as root production and decomposition and its control by sofl organisms. Report from the first
phase of SFB Project has shown that the species composition are markedly affected by forest
disturbance but the extend of diversity change differs greatly among the systematic groups {(STORMA,
2003).

) The aims of this study were to determine the total microbial population, their activities and the
diversity of the functional groups of soil microbes at different soil ecosystems.
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Materials and Methods

Soil samples were collected from Jambi (Sumatra), Sanggau (West Kaiimantar) and Palolo
(Palu, Central Sulawesi) as shown in the Table 1. In Jambi, soil samples were coliected from five soll
ecosystems at Permanent Research Station of PT IFA-BIOTROP, Pasirmayang, Muara Bungo District.
In West Kalimantan, soil samples were taken from five soil ecosystems at TPT] PT Barito Pacific
Indonesia, Sub-district Sekadau, District Sintang. In Central Sulawest, soil samples were collected from
six soil ecosystems at Palolo region, STORMA Project. In total, soil samples were coflected from 16 soil
ecosystems.

The soil samples were collected from the depth of 0-5 cm, 5- 10 cm and 10-15 cm or 0-5 ¢m
and 5-15 cm. From each soil ecosystems three sampling fines, which are perpendicular to the direction
of slope (distance between sampling lines was 100 m), were selected. From each sampling line,
composite soil samples from each depth were collscted. Ten sampling points along a 50 m sampling
line with a distance of & meters each wera collected and mixed. These mean that nine soil samples
were collectad from sach soil ecosystems.

Table 1, Locations and soft ecosystems used for soll sampling

Solt ecosystems Jambi, Sumatra Sanggau, West Paiolo, Central
Kafimantan Sulawesi
Primary forest v v v
Secondary forest v v vV
Logged over forest v - -
Forest garden - ¥
Agroforestry - - v
Small hoider rubber plantation v v -
Maize field - |
Shifting cuttivation ] v
Cleared forest v - .

-l

Imperata grass land -

Soil samples were transported directly fo the laboratory and the microbiological parameters
ware determined. Soil samples were previously pre-incubated In the laboratory for 7 days at field
capacity water content. The pre-incubated soil samples were used to determine the population and the
number of functional groups of microbes using plate-counting methods. One-tenth soil solufion series
was used in three replicates. ,

The microblological parameters determined were the fotal number of propagules (Nutrient
Agar} and number of fungi (Martin Agar). Microbigl activity {sofl respiration} was determined by using jar
method. Functional groups of soil microbes were determined by using plate counting method on
selective medium. Ashby medium was used to quantify the number of Azofobacter. Most probable
Number (MPN) technique was used to determine the number of Azospirifium using Nitrogen Free
Madium (NFB). Pikovskaya medium was used to count the number of phosphate solubllizing microbes.
King's Medium B was used o determine the number of non-pathegenic Pseudomonas and Carboxyl-
Methyl-Cellulose {CMC) medium was used to determine the numbar of celiuloiytic microbes. The
number of ammonium oxidizers and nitrite oxidizers was determined by using MPN methods and the
number of denitrifiers was determined using MPN mathods.
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Resuilts and Discussions

Total number of propagules at 0-5 cm solt layer was significantly higher than that at the deeper
layers (Figure 1). In Jambi and Palu (Central Sulawesi), the difference between the total number of
propagules of the 0-5 cm layer and the deeper layers was much higher than in West Kalimantan.
Almost in all soif ecosystems, the total number of propagules in the deeper layers was only about 25%
or less than that in the 0-5 ¢m layer. The differance in the total number of propagules among the types
of soil ecosystems at & certain region was also very obvious. In Jambi, the tofal number of propagules
in secondary forest, logged over forest and clearcut forest (1995} was about 60 to 80% of the fotal
number of propagules in the primary forest. However, the total number of propagules in rubber
plantation was much lower than In the other soil acosystems. In the rubber plantation, the total number
of propagules was only about 15% of the total number of propagules in the primary forest. In West
Kalimantan, the same situation was also observed. The total number of propagules in rubber plantation
was the lowest among the types of soil ecosystems studied. This was due to the diffsrences in quallty,
quantity of the organic matter input and other environmental factors to those soll ecosystems. In the
primary forest of secondary forest, input of organic matters was more and more heterogeneous than
input of organic matter in the rubber plantation. More over, temperature, soft moisture and other factors
were more favorable for microbes to grow in the primary forest than in the rubber plantation. In rubber
soil ecosystems, sofl organic matter input was more homogenous and the quantity was less than in the
other soil ecosystems.

The number of colony forming units of fungi showed the same trend as for the total number of
propagules {Figure 2). The number of fungi in the 0-5 cm fayer varied from 10% to 10° cfu per gram of
sofl. The number of fungi in the 0-5 layer was higher than the number of fungi in the deeper layers, The
number of fungt in 10-15 om layer was about 20— 40% of the 0-5 cm layer In Jambi and West
Kalimantan, but in Palu, the number of fungi in the desper layer was much lower than in the 0-5 cm
layer. in Jambi, the lowest number of fungi was observed in clear-cut forest. in Palu, the lowest number
of fungl was observed in the maize fleld and agroforestry ecosystems.

In most cases, the population of microbes correlates positively with their activities (suil
respiration). The higher the population in a certain soil ecosysiem, the higher the soil microbial
respiration. This means that the microbes in this soil acosystem used more oksigen for their activities
and produce more carbon dioxide (Figure 3). However, data of soil microbial respiration in three regions
showed different figure. In Jambi, soil microbial respiration in primary forest was not the highest among
the types of soll ecosystems studied. The sail mictobial respiration in the deeper layers was not always
lower than sot microbial respiration of the 0-5 cm layer. In West Kalimantan, the difference in soil
microbial respiration among the soil ecosystems and among the layers was much higher. Soil microbial
respiration in the Imperata grassland was less than 50% of soil microbial respiration in the primary
forest. in Palu, soil microbial respiration was more or less the same in the different types of soil
ecosystems. The difference in soil microbial respiration was significant with soil depth,
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The population of nitrogen fixer Azolobacter, Azospiriflum, the number of phosphate
solubilizing soll microbes {PSM), number of non pathogenic Pseudomonas, and the number of
cellulolytic microbes were only determined from the soll samples taken from West Kalimantan (Figure
4,5, 6, 7 and 8). The number of Azofobacter was almost the same at all types of soil ecosystems. The
difference in the number of Azofohacter was only observed within the first 0-5 cm compared 1o the
deeper layer 5-15 cm. The population of Azolobacter in the 5-15 cm layer was much lower than the
population of Azofobacter in the 0-5 cm layer. Very interesting result was also observed in the number
of nitrogen fixer Azospiriilum. In the primary forest and secondary forest, no Azospirifium were detectad
with the technigue used. However, the number of Azospirffum in rubber plantation, slash and bum
agricultural systems as well as in /mperata grassiand, the number of Azospiriflum was In the order of
10? fo 10* sal per gram soil. This means that in thess three soll ecosystems, Azospirifium may play
important role in supplying nitrogen to these soll ecosystams. On the other hand, Azospidllum plays
unimportant role in supplying nitrogen to primary forest as well as to secondary forest soil ecosystems.
This also means that other mechanisms of supplying nitrogen fo this particutar solf ecosystem might
DCGUT.

Phosphats solubilizing microbes either bacteria or fungi are the main phosphate solubllizing
microbes in the soll. These microbes were present in the upper layer as well as in the deeper layer.
There was a little variation in the number of this microbial group in different types of soil ecosystem.
The number of non-pathogenic Pseudomonas was low in the secondary forest compared to the other
soil ecosystems. The obtained data could not explain why this group of microbes was less in secondary
forest compared to other soil ecosystems. Celluiolytic microbes play very important role in
decompesiion process. The number of celluolytic microbes was very fow in the slash and burn soff
ecosystems either in the 0-5 cm or in the 5-15 om layer while in other soll ecosystems, the number of
celillolytic microbes was similar,

Ammonium oxidizers in Jarbi or in Palu did show the same patiern. It was less in the primary
forest and much less in rubber plantation or maize field but it was high in secondary forest and logged
over forest (Jambi) or forest garden (Pal) (Figure 9). The number of ammonium oxidizers in these
types of soil ecosystems showed the same pattern that the number of ammonium oxidizer in the 0-5 cm
soll layer was much higher than the deeper layer. In Figure 10, the number of nitrite oxidizers in all soil
ecosystems in Jambi and Palu were about the same, ranging from around 1x10% to 2x104 cfu per gram
of soit. The number of denitrifier in Jambi and Palu (Figure 11) showed different results. In Jambi, the
numbar of denitrifier in primary forest was less than in the number of denitrifier in rubber plantation as
welfl as in the clear-cut forest. Moreover, the number of denitrifier in the 10-15 cm was much higher than
in 0-5 cm soil layer in three of five types of soll ecosystems. Contrary fo this, in Palu, the number of
denitrifiers in the primary forest was significantly higher than that in other soil ecosystems and the
number of denitrifier at 0-5 cm in all soll ecosystems was constantly higher than in the deeper soll

layers.
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Conclusions

Conversion of primary forest to secondary forest, rubber plantation, agricutture land, forest
garden reduces microbial population and their activities. Population of functional groups of soil
microbes varies significantly among soll ecosystems. A certaln functional group of soll microbes may be
missing ot a certain solf ecosystem.
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Introduction

Trees in the mixed Dipterocarp forest, a common forest type in Kalimantan, are well
associated with ectomycorrhizal (ECM; fungi. The fungus has a mutualistic symbiosis with the roots of
Dipterocarps. Within the relationship, the fungus takes up nutrient and water from the soil and
transports them to the tree roots. In retumn, it receives sugar compounds from its host roots.
Ectomycorrhizal associations are capable to prevent plant root diseases and increase drought
resistance (Harley, 1972). Furthermore, ECM fungi play an important role in the tropical rain forest
nutrient recyciing (Smits, 1985},

lnventories of the ECM fungi in an undisturbed forest of East Kalimantan were studied and
reported (Ogawa, 1992; Yasmian, 1993; Smits, 1994). Over the six years observation period, about 172
species of putative ECM fungi were revealed to have association with 23 Dipterocamps, in which
spacies of Amanita, Boletus and Russufa act as the dominant fungi {Yasman, 1993). However, the
correlation of the ECM fungi with the roots of the host plant was not discussed.

Forest fires decrease significant amounts of ECM fungi population and formation
(Amaranthus, 1992; Nurjanto and Suhardi, 2001). Until recently, description of the ECM community
species compuosition was almost exclusively based on sporocarp inventories. 1t was assumed that
sporocarp production reflected the relative abundance or importance of the species in question in the
soil {Dahlberg ef &, 1997; Yasman, 1993). In the year of 1998, some paris of the Sungai Wain
protection forest were damaged by fire covering an area of 10.024 ha, and thus accounting for ca. 65
percent of the total protection forest area. That was the first fire incident reporied {Russon and Susilo,
1999) causing the area lo be severely burnt (Hoffman, 1998). The objective of the study is to identify
the dominant ECM fungi in the unbumt and burnt parts of the Sungai Wain protection forest observed
two years after the fire, based on the analysis of sporophores found on forest floor.

Materiais and Methods

Study site

The study was conducted in g mixed dipierocarp forest (MDF) at the Sungai Wain protection
forest in East Kalimantan (191" — 1°14' and 11948’ — 116°58'), about 15 km northeast of Balikpapan.
The MDF is located on lowland at an alfitude of 150 m above sea level (Priadjati, 1999). The area has a
fiat to undulating fopography. The climate is very humid {climate type A} with Q = 7.0 % and average
annual precipitation of 2230 mm (Schmidt and Ferguson, 1851). Observations were conducted in six
permanent established sample plots representing the burnt and unburnt sites. Each site consisted of
three permanent sample plots of to 300 m x 20 m consisting of three rows of beft transects of 100 m x
20m,

Surveys of sporocarps

Sporocatp survey was carried out in the study plot for four weeks from mid January to
February 2000. The number of sporocarps of each potential ECM species was recorded. Identification
of the fungi was based on the characteristics of the sporocarps (macroscopic characteristics) observed
using the identification key prepared by Smits (1994). The species diversity of the ECM fungi in the
burnt and unburnt sites was then detetmined.
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Results and Discusslon

The quantitative description analysis of the putative ECM fungi found in the unbumt
dipterocarp forest is shown in Table 1. No fruiting bodies of ECM fungi were recorded in the burnt forest
area. The result of the analysis of the correlation between assumed root system extent and occurrence
of putative ECM sporocarps (Figure 1) is presented in Table 2.

During the four weeks observation time, thirly two sporocarps of fungi suspected to form ECM
were encountered within the unburnt site containing 11 species and 4 families of Basidiomycetes, of
which nine species belong to order Agaricales (genus Amanita and Russula) and two species belong o
order Aphyllophorales (genus Cantharefius and Ramaria). The most common genus is Russula and the
dominant species is R. lifacea. Dipterocarpus tempehes and D, confertus were suspected as the host
trees of R, Hacea. Information on the identity and diversity of ECM fungi is necessary to assist further
understanding of the relationship between mycorrhizal fungi and forest function (Lee, 1998).

Table 1. Quantitative description of the sporocarps of fungi suspected to form ECM in the unburnt
gipterocarp forest

Species of fungl Family f! 2 3 4!
Amanita tibodensis Amanitae i 313 6.25 9.38
Amanita sychnopyramis Amanitas 3 9.38 1875 2813
Amanita sp. Amanitae 1 313 6.25 9.38
Russula eburneocareciata Russulaceae 3 938 625 1583
Russula Japonica Russulaceae 2 825 12.50 18.75
Russula lifacea Russulaceae 4 12.50 18.75 31.25
Russula sp.1 Russulaceae 3 8.38 6.25 15.83
Russula sp.2 Russulaceas 5 15,63 6.25 21.88
Russula sp.3 Russulaceas 1 313 6.25 §.38
Cantharelius sp. Cantharellaceae 8 18.75 6.25 25.00
Ramaria sp, Clavulinacese 3 838 6.25 15.63

1=Number of sporocarps, 2=Relative of fraquency, 3=Relativa Dominance, 4=Important Value index.
Table 2. Sporocarp of putative ECM fungus found nesr dipterocarp specles

Putative ECM Fungi Tree species’

3 4 5 6
%*
* %

Amanita tjibodensis Boedijn

Amanita sychnopyramis Comer 8Bas
Amanita sp.i

Russula eburneoareolata Hongo #»*
Russula japonica Hongo

Russufa Hlacea Quel.

Russula sp.1

Russula sp.2

Russula sp.3

Cantharellus sp. %

Ramaria sp. *

*%x * x »

3
%

11=Dipterocarpus tempehes, 2=D. confertus, 3=Shorea smithiana, 4=S. ovalis, 5=8. laavis, 8=8.
lamefiste,
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Sporocarps of Basidiomycetes ECM fungi are reproductive bodies. Observation in the unburnt
forest {plot #7), suggested that there was a direct relationship between Russule sp. 3 and the roots of
S. ovalis. ECM on the root fips of S. ovalis has white color. Similar refation and color of ECM were also
found between the root lips of S, ovalis (plot #13} and fungus A sychnopyramis. It Is the fact that
different fungi may morpholegically form different ECM on the root system of a single plant. Although
some ECM fungi show some host specificity al the host genus level, most ECM fungi generally have
broad host ranges (Les, 1998), It is shown thal A, sychnopyramis is a broad host range ECM fungi.
Table 2 provides an overview of the associalions of the pulative ECM fungi and 6 dipterocarp species,
which were suspected as the host trees for ECM.

Figure 1. Sporocarps of fungl suspected to form ectomycorrhizae In unbumt forest area. A. A
fibodensis; B. A. sychnopyramis, C. Amanita sp.1; D. Cantharellus sp., E. R. eburnsoareoiata; F. R.
lifacea; G. Russula sp.2; H., Russula sp.3; |, Ramarfa sp., J. R. japonica; K. Russula sp.1.

The fira ocourring in the Sungal Wain protection forest in 1998 changed the composition of
sporocarps of fungi suspected to form ECM on dipterocarps. It is predicted that the fire resulted in
unsuitable microclimate conditions for the formation of sporocarps in the burnt forest. Microclimatic
factors {f.e. air and solf temperature, relative humidity and solar radiafion) in the unbumt site were found
io be slable, whereas those in the burnt site were unstable. The solar radiation in the burnt sits ranged
from 93.47 to 826.96 pmol cm s which was significantly higher compared to that in the unburnt site,
which ranged from 13.74 to 269.53 umol cm? s {Tata, 2001).

The decline of soil organic matter in the soil forms another possible explanation. Humus and
debris, which together covar the upper ground layer of the soil, may prevent the dedline of the soil
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humidity and act as the nutrient supplier for fungi. It was observed that there was & fimited amount of
humus and debris in the bumt site. Soil organic content in the unburnt forest area was 6.31 %, whereas
in the burnt forest was 5.78 % (Iriansyah et &l 1999). Litter on forest floor may have a significant role in
sporocarp formation, due fo its function in providing nutrients for fungal development as well as
preventing humidity of soil. Supriyanto and Setiawan (1995) stated that removing fitters from forest floor
inhibited the formation of Sclersderma columnare sporocarps on Dipterocarp stands, although
microclimate conditions (i.e. light intensity, soil pH and relative humidity of soil) were suitable for
sporocarp formation, Environmental factors, such as lack of soil organic matter and the high intensity
and fluctuation of solar radiation, were suspected to inhibit the sporocarps formation,

Although there was no sporocarp found in the burni site, the mycorrhizal potential inoculum in
the soil was quite good. Different species of ECM fungi were able to survive in the burnt forest, as they
were found in different colors, different hyphal diameter and clamp connection (Tata ef af., 2002).

Conclusion

This research was conducted to study the diversity of ectomycorrhizal (ECM} fungi at the Sungai Wain
protection forest, East Kalimantan. Surveys on the numbers of sporocarps and species of ECM fungi
were carried out in two locations, i.e. burnt and unburnt forest area. Eleven species of putative ECM
fungl were found in the unburnt forest area, while no sporocarps of ECM fungi were encountered on the
forest floor, two years afer the fire.
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Introduction

The family Leguminosae is distributed worldwide. The number of species of the family is
estimated 18,000 to, 15,000 covering about 750 genera (Allen and Allen, 1881). Economically it is
second to the grasses, Gramineae. In Indonesia the legumes are one of the most important families.
Many lequme species can be used as energy sources, timbers, foods, forages, omamentals, medicinal
plants, green manures, erosion control plants, fibers and botanical insecticides. Various species can
grow well in different land use systems under different environments from lowlands to highlands, well
adapted to a wide range of soll fartility. The ecological uniqueness of legumss centers on tha nodules
of their root systems.

Nadulation indicates the ability of nodule bacteria to infect plant root systems, For more than
100 years It has been established that root nodules bear a causal relationship to the fixation of free
nitrogen. In the earlier time some scientists considered the occurrence of nodulation as an afiribute to
the Leguminosae. In fact, the ability fo nodulate seems to be consistently absent within parficular

groups of the family. Therefors, it is the aim of the paper to raview literatures on nodulation of legumes
grown in Indonesia

Nodule Formation

The absencs of nodules doss not necessarlly indicate Inabliity on the part of a plant to lve
symbiotically with nodule bacteria. There are two kinds of nodule-forming inablity: 1) nabllity due to
unfavorable temporary situstions, 2) inherent inabllity to form nodules. Allen and Allen (1881) proposed
four common explanations for the absence of nodules, i.e. 1) shedding of nodules due to drought,
flooding, or clipping the plant’s follage, 2) unfavorable environmental conditions such as soll type and
soll pH, temperature extremes, and insufficient solar- radiation, 3) the absence of compatible rizobis in
the rhizosphere obviously preciudes infection, 4) resistant or non- invasive fines resulting from plant
breeding and selection.

Inherent inability to form nodules can be caused by the following factors: 1} the pressnce of
physical and morphological barriers to invasion, such as wiry, dark colored rootiets and sparse thick-
walled root hairs which are obvious macroscopically, on most of the non-nodulating species, 2) the
presenca of cell constituents containing tannins, flavonokds, quinines, or other phenolic compounds
which axert an antibiotic and physicochemical restriction fo rhizoblal invasion and growth, 3) the
absence of lectins, phytohemoglutining, or essential enzymes from the root hairs, thersby accounting
for the faBure in recognition or binding between the rhizobla and the root surface, 4} the absence of
disomatic cells in the cortical root tissue, 5) a relationship between the chromosal number and the
presence of nodides.

Occurrence of Nodulation In Legume Species

The legume species grown in Indonesia are listed in Table 1, 2, and 3., malnly based on the
works of Keuchenius (1924), Heyne (1927}, Allen and Allen (1981), and Nielsen (1892) only for Table
2. There are 26 genera and 79 species listed In the subfamily Caesalpinioideae, 20 genera and 137,
species in the subfamily Mimosocideae, and 66 genera and 166 species in the subfamily Papilionoideae.
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Confiicting reports are obsetved In five species of Caesalpinioideae, L.e. cerlain species of the genera
Ambharstia, Cassfa, and Intsia wete reported nodulated and non-nodulated (Table 1}. This phenomena
can be due to two main groups of factors as mentioned by Allen and Allen {1981}, i.e. inabiltty due to
unfavourable temporary situations, and inherent inability to form nodules,

In Caesalpinioideae, 15% of the genera ang 14% of the species were found to be nodulated.
This subfamily is the least rodulated one among three subfamilies. In Mimosoideae, the ahility to
nodulate was 55% at the genera level and 28% at the species level, whereas in Papilionoideae 77%
and 73%, respectively. The compifation of the data shows that the ability to nodulate is about 51% in
the subfamily Caesalpinivideae, 69% in the subfamily Mimosoideae, and 23% in the subfamiy

Papifionoideas still unknown.

Table 1. Nodulation in the subfamily Caesalpinioideae

_Lagume species Nodulation gnd references

Acrocropus fraxinifolius W. & A, Nr

Amherstia nobilis Wall. + Wright cit. Aflen & Allen, 1981; - Lim, 1877

Bauhinia acuminata L. - Bafiados & Fernandez, 1954

B. efongata Nr

B. fulva Nr

B. hirsuta Weinm, Nr

B. krugii Nr

B. fngua Nr

B. malabarica Roxb. - Bafiados & Fernandez, 1954

B. persichii Nr

B. purpurea L. - Alien & Alien, 1981

B tomentosa L. - Allen & Aflen, 1981

Caesalpinia coriania {Jacq.} Witld. - Bafiados & Fernandez, 1954

. digyna Nr

C. jayabo Nr

C nuga it

C. pulcherrima (L) Sw. - Allen & Allen, 1981; - Moreira ef af., 1992

C. sappan L. - Allen & Allen, 1936b

C. tinctoria HBK w :

Cassia afata L. - Bahados & Fernandez, 1954

C. angustifolia Vahl nr

C. divaricata Nees & Bl nr

C fistula L. - Banados & Fernandez, 1954

C. hirsudal. + Keuchenius, 1624, - Stefnmann, 1830

C. grandis L. {. + Wright cit. Allen & Allen, 1881; - Allen & Allen, 1836b;
Moreira et al,, 1992

C. javanica L, - Muller & Férmont cit. Allen & Allen, 1981

C. laavigata Wild = C. floribunda Cav.

C. leschenauffiana DC.

C. mimosoides L.

C. multijuga Rich,

€. nodosa Buch.-Ham. Ex Roxb.

- Steinmann cit. Allen & Allen, 1981
+ Keuchenius, 1924

+ many investigators

- Steinmann cit, Allen & Allen, 1981
- Allen & Allen, 1836b

C. oblusifolia L. - many investigators ]

C. occidentalis 1.. + Keuchenius, 1924; - Muller & Férmont cit. Allen & Allen,
1984

C. pataflaria DC. + Keuchenius, 1924

C. pumila Lam.

+ Muller & Férmont cit. Allen & Allen, 1981
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C. siamea Lam.

C. sophera L.

C. surattensis Burm. .
C. timorensis DC.

C. tora L.

Copaffera langsdorfi Des!,

C. ramifiora L.

Delonix regia (Boj. Ex Hook) Raf.
Detarium ssnegslense J. F. Gmel,
Dialkmn indum L.

D. maingayl

D. potents

D. platysapaium

Dipterix odorata { Aubl.) Wikd.
Endertla spectabifis Steenis & de Wit
Gleditsia celebica Koord,
Heematoxylon campechianum L.
Humboldtia lataifolia Vah.

Intsia amboinensis

L. baker! Prain

. biprga {Colebr.} Kize,

§. coriaces Prain

S. Javanica (K. & V.) Backer

S. leiocarpa Backer

S. parvifolia

S. sumatrana Mig,

S. velutina Bak.

S. walich#f

Tamarindus indica L.

Tracylobitm verrucosum {Gaertn.) Oliv.

- Muller & Férmont ¢it. Allen & Allen, 1881
+ Grobbelaar & Clarke, 1987
nr

- Steinmann ck. Allen & Allen, 1981
- many investigators

or

- Allen & Allen, 1981

nr

nr

- Allen & Alien, 1981

- Allen & Allen, 1936b

n

nr

nr

nr

nr

- Alien & Allen, 1981

nr

nr

- Lim, 1977

nr

nr

- Allen & Allan, 1981

+ Norris, 1958; - Allen & Allen, 1981
n

nr

- Allen & Allen, 1981

~ Allen & Alfien, 1981

nr

nr

- Allen & Allen, 1881

nr

o

- Bafiados & Femandez, 1954
n

nr

nt

nr

n

nr

nt

nr

- Lim, 1877

+ Wright cit, + Allen & Allen, 1881

nr = no reports; + = nodulatad; - = not nodulated.



Table 2. Nodulation in the subfamily Mimosoideae
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Legume species

Nodulation and References

Acacia arabica Wilkd. = A. nilotica (L.) Willd. ex Del.

A. auriculiformis A. Cunn. ex Benth,
A baileyana F. Muell,

A bumeensis Nielsen

A. catechu (Lf.) Willd.

A. concinna (Wilid.} DC.

A. cultriformis A. Cunn, ex G. Don
A. decurrens Willd.

A. dornsiensis Gagnep.

A. elata A.Cunn. ex Benth.

A. falcata Willd.

A. farnesiana (L.) Willd.

A. floribunda (Vent.) Willd.

A. glauca (L) Moench.

A holosericea A. Cunn. ex G. Don
A. kekapur Nielsen

A. kostermansii Nielsen

A. leptocarpa A, Cunn, ex Benth.

A leucophioea {Roxb.) Willd.

A. finffofia (Vent.) Willd.

A. longifolia {Andr.} Willd

A longispicata Benth. in Mitch,

A. mangium Willd.

A. meamsi De Willd.

A, megaladena Desv.

A. merriffi Nielsen

A orarfa F. Musll, .
A. pennata (1) Willd. = A megaladena Merr.
A. pluricapitata Stendlel ex Benth,
A. podalyriifolia A. Cunn. ex G. Don
A, polybolrya Benth.

A. pruingsa A Cunn, ex Benth,

A. pycnantfia Benth.

A. rhefinoides Schlecht.

A. stricta (Andr.) Willd.

A. suaveolens (Sm.) Willd.

A, suiitii Nielsen

A. lomentosa Willd,

A. verhejjenii Nielsen

A. villosa Willd, var. glabra

A. welarensis Pedley

Adenanthera borneensis Brace ex Prain in King

A. forbesi Gagnep.

A. kostermansi Nielsen

A. malayana Kosterm.

A. microsperma Teijsm. & Binnend
A pavonina L.

Albizia acle {Blanco) Merr,

+ Allen & Allen, 19362

+ Allen & Allen, 19362

+ many investigators

nr

+ Allen & Allen, 1938a

nf

+ Wilson. cit. Allen & Allen, 1981
+ Allen & Allen, 19362

n

+ Hannon cit. Allen & Allen, 1981
+ Norris, 1956

+ many investigators

nr

nr

nr

nr

nr

nr

+ Allen & Allen, 1981

+ Norrls, 1956

+ Harris cit, Allen & Allen, 1681
or

nr

+ Corby, 1974

nr

nr

nr

+ Allen & Allen, 1581

nr

nr

nr

nr

+ Harris cit. Allen & Allen, 1981
+ Harris. cit. Allen & Allen, 1981
+ Lachmann cit. Allen & Allen, 1881
+ Norrig, 1959b

nr

o

1.8

+ Keuchenius, 1924

nr

nr

nr

nr

nr

nt

- Allen & Allen, 1981; - Moreira ef al., 1982
+ Allen & Allen, 1936a
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A. chinensis {Osb.) Merr.

A. decurrens

A, fakcate (1) Backer

A. kostermansii Nielsen

A lebback (L.} Benth.

A. lebbekoides (DC.} Benth.

A. minahassae

A montana

A. podiceliata Baker & Benth.

A. procera

A refusa

A, rofunds

A. nifa Benth.

A. saponaria (Lour,) Blume ex Benth,
A. splendends Mig.

Archidendron alatum Pulle ex Da Wil
A. beguini Do Wit.

A bomeenss (Benth.) Nielsen

A. minahassae

A. monfana

A. pediceliata Baker & Benth.

A. procera

A. rolusa

A rotunda

A. rufa Benih.

A. saponaria {Lour.} Blume ex Benth.
A. splendends Miq.

Archideridron slatum Pulle ex De Wit,
A. bequinii De Wit.

A. bomeense {Benth,) Nielsen

A. brachycarpum Harms.

A. bubafinum (Jacy.) Nislsen

A. clypcaria {Jacg.) Nielsen

A. cockburnii Nielsen

A. contortum (Mart.) Nielsen

A. craferadenum (Kosterm } Nielsen
A. effipticum {Blume) Nielsen

A, fagifolium (Blume ex Miq.) Nislsen
A. harmshi V.Maim

A. havitandli (Ridley) Nielsen

A, firinga (Jack) Nielsen

A. kalkmanii {(Kosterm.} Niglsen

A, kunstieri {Prain) Nielsen

A kicyi F. Muell.

A. megaphytium Merr.& Perry

A. microcarpum (Benth.) Nielsen

A. monopterum {Kosterm ) Nielsen
A nervosum D e Wit.

A. opposium (Mig.) Nielsen

A. palauense (Kanch.} Nieisen

A, paucifiorum

+ Allen & Allen, 1936a

nr

+ Wilson cit. Allen & Allen, 1981
n

+ many investigators
+ Allen & Allen, 1936a
nr

nr

nr

+ Allen & Alien, 1936a
+ Allen & Allen, 1936a
nr

nr

+ Allen & Allen, 1938a
nr

nr

nr

nr

nr

nr

nr

+ Allen 8 Allen, 18362
+ Allen & Allen, 1936a
nr

nr

+ Allen & Allen, 1938a
nr

nr

nr

nr

nr

nr

n

nr

nr

nr

nr

nr

nr

nr

nr

ar

nr

nr

nr

w

nr

nr

nr

nr

nr
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A. royeni Kosterm.

A. sassle (Scheffer) De Wit

A. tenuiracemosum Kanch. & Hatus.
A. trichophylium {Kosterm.} Nielsen
A. triplinervium (Kosterm.) Nielsen
Calliandra calothyrsus Meissner
Cathormion umbeflatum (Vahi) Kosterm,
Dichros tachys cinerea (L} W. & A,
Entada phaseoloidas (L.} Merr.

E. rheedi Spreng.

E, spiralis Ridley

Entorofobium saman {Jacq.) Prain
Inga laurina {Swartz) Willd.

L. lsucocephala (Lam) De Wit = L, glauca (L.) Benth
Mimosa bimucronata (DG} O. Kuntze
M. diplotricha C. Wright ex Sauvalle
M. invisa Mart.

M. pigra L.

M pudica L.

Morolobium monopterum Kosterm,
Neplunia dimorphantha Domin,

N. gracilis Benth.

N. javanica Miy.

N. oleracea Lour.

Pararchidendron pruinostm (Benth.) Nielsen
Paraserianthes lophantha {Willd.) Nielsen
P. falcataria {L.) Nielsen

Parkia bigiobosa {Jacq.) Benth.

P. intermedia Hassk.

P. singularis Miq.

F. speciosg Hassk.

P, sumatrana Miq.

P, timoriana (DC.) Mem.

P. versteeghii Merr. & Perry
Pitheceliobium affine

P. angulata

P. bubalinum

P. clypearia

P. dufce {Roxb.) Benth.

P. efipticum (BL) Hassk.

P, fagifolium

P. kunstleri

F. lohatum

P. minahassae

P. umbellatum

Serianthes grandifiora (Wall.) Benth.
8. hooglandii (Fosh,) Kanis

8, minahassae (Koord.) Merr, & Peiry
S. robinsonii

Wallaceodendron calebicum Koord.

nt

nr

nr

nr

nr

nr

ne

+ Corby, 1974

+ Wright cit. Aflen & Allen, 1981
nr

nr

nr

+ Alien & Allan, 1536a
+ Trinlck, 1968

+ Campélo & Campélo cit. + Allen & Allen, 1081
nr

+ many investigators
+ DeSouza, 1966

+ many investigators
nr

nr

+ Bowen, 1956

nr

+ Corby, 1974

n

nr

nr

nr

nr

nr

+ Lim, 1977

nr

nr-

nr

ar

nr

nr

nr

+ many invastigators
+ Allen & Allen, 1881
n

nr

nr

nr

nr

nr

nr

nr

nr

+ Allen & Allen, 1981

o = no reports; + = nodulated; - = not nodulated.
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Legume species Nodulation and References

Abrus laevigatus E. Mey + Keuchenius, 1924

A. modesta nr

A. oraria nr

A. precatorius L. + many investigators

Asschynomens americana L. var. javanica + Keuchenius, 1924

A. faicata DC. + Keuchenius, 1924

A indicaL. + many investigators

Alysicarpus fudens Wall, + Keuchsnius, 1824

A. nummulariafolius DC. + Keuchenius, 1924

Arachis hypogaea L. + Staphorst & Strijdom, 1972

Atylosia scarabaeoides (L.} Benth. + Chen & Shu, 1944

A babalaW. & A + Lechtove-Tmka cit. Allen & Allen,
1984

Butea monosperma (Lam.) Taub, - Allen & Allen, 1981

Cajanus cafan (L.) Millsp. + Allen & Allen, 1939

Calopogonium mucunoides Dasv. +Lim, 1977

Canavalia ensiformis (L.} DC. + Saono ef al,, 1975

C. gladiaia (Jacg.) DC. + Sacno ef af,, 1975

C. rosea nr

Centrolobium sp. nr

Centrosema plumier! (Turp.) Benth. + Bahados & Fernandez, 1054

C. pubescens Benth, + many investigators

C. quinguefolia nr

C. virginianuim (L..) Benth, + Keuchanius, 1924

Clitoria laurifofia Podr, + Dubey of al,, 1972

C. tematea L + many Investigators

Crotalaria acicularis Buch.-Ham, ex Benth. + Keuchanius, 1924

C. alata Buch.-Ham. + many investigators

C. anagyroides HBK + many investigators

C. ferruginea nr .

C. juncea L. + many investigators

C. pseudo-eriosema Vatke + Keuchenius, 1924

C.retusal. + many investigators

C. striata DC. + many invastigators

C. usaromoensis Bak, {, + many investigators

C. valefonii Backer + many nvestigators

Cytisus paimensis (Chiist.) Mutch. nt

Daibergia fatifolia (Roxb.) + Allen & Allen, 1981

D. parvifiora ne

D. pinnata n

D. sissoo Roxh. + Allen & Allen, 1981

Derris olfiptica (Roxb.) Banth, + many investigators

D, heptaphyila Mer. nr

D. heterophylta nr

D. junghuhnii nr

D. microphylla (Miq.) Val, + Allen & Allen, 1936a

D. polyphyfia Koord. & Val.

Desmodium auriculatum DC. = Pleroloma auriculatum {DC.) Schind].

nr
+ Keuchenius, 1824
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D. capitatum DC.
D. elegans Benth.
D. gangsticum {L.} DC.

D. gyroides DC, = Codariocalyx gyroides (Roxb,) Hassk.

D. heterccamon (1..) DC.

D. heterophyflurn (Willd.} DC.

D. intortum Urb.

D. fatifolum DC.

D. iaxifforum DC.

D. puicheflum (L.) Benth = Phyilodium puicheftum (L.} Desv.
D. purpureum H. & A.

D. sequax

D. timorense

D triflorum (L.} DC,

D. tiguetrum (L.JOC = Plercloma triquetrum (DC.) Benth,
D. umbefiatum (1..) DC

Dipteryx odorata (Aubl.) Willd.
Dolichos biflorus L.

D iablab L. = Lablab purpureus {L.) Sweet
Erythrina euodiphylla

E. fusca Lour.

E. lithosperma Miq. = E. subumbrans (Hassk.} Merr.
E. microcarpa

E. microplerix Peepp.

E. varisgatal..

Euchresta horsfieldii (Lesch.) Benn.
Flemingia congesta Roxb.

F. Iheata Roxb.

F. strobilifera {L.) Ait.

Galactia tenuiflora (Willd.) W. & A,
Gliricidia sepium (Jace.) Steud.
Ghycing max {L.) Merr,

Glycymhiza glabra L.

Hanslia adhasrens (Poir.} Schindl.
Indigofera amrecta Hochst, ex A. Rich
{. ende caphylla Jack.

I. galegoides

1. hendecaphylia

{ hirsuta L.

. suffruticosa Mill.

I. sumatrana Gaerin.

Inocarpus edulis Forst.

Kunstieria curlisif Prain

Lupinus spectabilis Hoover
Macropfilium atropurpureum Urb.
Mastarsia bakeri (Koord.) Bak.
Mecopus nidufans Benn,

Medicago safiva l..

Mitigltia atropurpursa Benth.

M. dasyphyfia

M. sericea Benth.

+ Keuchenius, 1924

+ Keuchenius, 1924

+ many investigators

+ many investigators

+ Keuchenius, 1924

+ many invastigators

+ Allen & Allen, 1981

+ Keuchenius, 1524

+ Bafiados & Fernandez, 1954
+ Keuchenius, 1924

+ many investigators

nt

nr

+ many investigators

+ Keuchenius, 1924

+ Allen & Allen, 1981

- Allen & Allen, 1981

+ many investigators

+ Wilson, 1939a

nr

+ Allen & Allen, 1838

+ Allen & Allen, 19362

nr

+ DeSouza, 1866

+ Bafados & Fernandez, 1954
nr

+ Allen & Allen, 1973

+ Keuchenius, 1924

+ Bafiados & Fernandez, 1954
+ Kewchenius, 1924

+ Holland cit., Allers & Allen, 1881
+ many investigators

-+ Morck cit. Allen & Allen, 1981

nr

+ many invasfigators
+ many investigators
nr

nr

+ many investigators
+ many investigators
+ Wilson, 14392

- Allen & Aflen, 1981

nr

+ Allen & Allen, 1981
+ Allen & Allen, 1939
+ Keuchenius, 1524

or

+ many investigators
nr

nr

nr
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Mucuna cyanospanma

M diabolica Backer & Heyne

M. junghuhniana

M. pruriens (1) DC.

Myroxylon balsamum (L) Harms
Omocarpum sennocides

Ormosia bancana

0. calavensis

0. macrodisca

0. sumatrana (Miq,) Prain

Pachyrhizus erosus (L.} Urb,
Padbruggea dasyphylia Mig.
Parochetus communis Buch.-Ham, ex D, Don
Pericopsis sp.

Phaseolus afropurpureus Moc., & Sessé

Ph. caicaratus Roxb. = Vigna umbsflata [Thunb.) Ohwi &0hashi

Ph. lunatus \..

Ph. munge L = Vigna mungo L.

Ph. radiatus |.. = Vigna radiata (L.) Willczek
Ph. scaberulus

Ph. semb-arectus L.

Ph. sublobatus Roxb.

Ph. vuigaris L.

Phyfodium puichelium (L..) Desv.
Plsum arvensge L.

P. sativum L.

Fongamia pinnats (L.) Plerrs
Pseudarthria viscida (L) W. & A.
Psophocarpus palusiris Desv,

P. tetragonolobus (L.) DC.
Pterocarpus indicus Wilkd,

P santalfinus L. 1.

Ptaroloma auriculatum {DC.) Schindl,
P, triquetrum (DC.) Benth.

Pysraria phaseoloides (Roxb.) Benth.
P. triloba {Lour.) Makino

Rhynchosia molfissima (EN.) Schuttlew ex W. Wats
R. phassoboides DC,

R. rufescens (Willd.) DC.

Sesbania grandifiora Polr.

S. rostrata Brern. & Oberm,

R. sesban {L.) Merr.

Shuteria vostita W. & A.

Smithia sensifive AR

Sophora Japonica L.

S. tomentosa L.

Spatholobus ferrugineus

8. fforalis Hassk,

Tephrasia candida (Roxb.} DC.

T. maxima Pers.

T. noctifiora Boj. ex Bak.

or
+ Keuchenius, 1924

nr

+ Keuchenius, 1924

+ Allen & Allen, 1981

nr

n

nr

nr

+ Biisgen cit. Allen & Allen, 1981
+ Baltados & Farmandez, 1954
nr

+ Grobbelaar & Clarke, 1974
nr

+ Baono ef &, 1975

+ many investigators

+ many investigators

+ many investijators

+ many investigators

nr

+ Wilson, 1945

+ Keuchaniys, 1924

+ many investigators

+ Keuchenius, 1924

+ many investigators

+ many investigators

+ Wright cit. Allen & Alen, 1981
+ Keuchenius, 1624

+ Keuchenius, 1924

+ Keuchanius, 1924

+ Bailados & Fernandez, 1854
o

+ Keuchenius, 1824

+ Keuchenius, 1924

+ Keuchanius, 1924

+ Kauchenius, 1924

+ Keuchenius, 1924

+ Keuchenius, 1924

+ Keuchenius, 1924

+ many investigators

+ Corby, 1974

+ Corby, 1974

+ Kaucherius, 1924

+ Allen & Allen, 15881

+ Allan & Allen, 1981

+ Allen & Allen, 1981

114

nr

+ many Investigators.

+ Keuchenius, 1924

+ many investigators
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T. purpurea + many investigators
T. viflosa {L.) Pers. + Allen & Allen, 1981
T. vogehi Hook. f. + many investigators
Teramnus labialis (L. £} Spreng. + Keuchenius, 1924
Trifolium alexarndrinum L., + many investigators
T. repens L. + many investigators
Trigonsiia fosnum-graecum .. + many investigators
Uraria crinata Desv, r

U. lagopodioides (L.) Desv. Ex DC. + Bafiados & Fernandez, 1954
U. spinosa Desv. + Allen & Allen, 1981
Vicia faba L. + many investigators
Vigna cylindrical (L.} Skeels + Saono ef af, 1975
V. hosei (Craib) Backer + Allen & Allen, 1981
V. marina (Burm.} Merr. + Keuchenius, 1924
V. sinensis (L.} Endl, Ex Hassk. + many investigators
V. vexillata{L.) A. Rich + McLeod, 1962

V. vilosa + Keuchenius, 1924
Voandzeia subterranean Thou. + DeSouza, 1963

nr = no reports; + = nodulated; - = not nodulated.
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introduction

In natural ecosystem equilibrium develops between the plant and microorganisms that is
affected by the growth of plants and seasonal changes in the environment. The association between
organism and rools can be beneficial, harmful or neutral, but often the effects depend on seil conditions
and must therefore be regarded as variable. Recently, many altempts were made to manipulate the
rhizosphere o increase the balance over the harmful effects. The comman approach fo the control of
the soil and the rhizosphere are the introduction of specific antagonistic microorganisms into the sofl, on
seed surface or around tubers. These antagonistic bacteria found on plant roots, are termed as plant
growth promating rhizobacteria (PGPR). Most PGPR are members of fluorescent pseudomonads, but
other types have aiso been found. Growth promotion is evidenced by crease in seedling emergence,
plant vigor, seedfing weight, root system development, and yield. The production by PGPR of
antibiotics and siderophare, which are active against deleterious microorganisms, has been proposed
as a mechanism for the plant growth promotion. Therefore, the use of certain species of Pseudomonas
spp. to mprove plant growth is quite promising and thus has fo be explored and evaluated carefully.

In this experiment, the root microorganisms and particularly the bacteria were isolated from
the mizospheres of graminaceous/cereals, grass, and legumes. Because the most common reported
thizobacteria are Pseudomonas spp., the media used for isolation are the selective media for
Pseudomonas spp. The Pseudomonas selective medium used is MKB (Modified King B) medium,
which has been used regularly by many researchers (Anas ef af, 1987a and 1987b; Arif, 1990 and
1995; Hofte, ef al, 1991). To obtain a good inoculum, special attention has to be given to the isclates
during isolation, effectiveness test or screening test, and preservation of the good or prospective
selected strains.

Objectives and Benefit of The Research

Objectives

The main objectives of the experiment were (1) to isolate thizobacterial strains of
Pseudomonas spp. from thizospheres of graminaceous/cereals, grass, and legumes, (2) to select the
hizobacterial strains of Pseudomonas spp. for their capacity to increase plant growth, (3) to verity the
selected rhizobacterial strains of Pseudomonas spp, for their plant growth promoting capacity, and (4)
fo identity the selected beneficial rhizobacterial strains of Pseudomonas spp.

Benefit of research

Production an effective inoculum by using Pseudomonas spp. as novel microorganisms might
support a high agricultural production or even could be used as biocontrol agents for some soil-borne
diseases in various types of plants (food crops, harticultural piants, and forest seedlings or trees). The
use of plant growth promoting rhizobacteria (PGPR) in agricuitural production system may significantly
balance intensive applications of chemical fertifizers and pesticides.

Seed inoculation with beneficial Pseudomonas spp. apparently escapes from attention of
many researchers. Improvement of inoculation technique and inoculum formulation Is expected to
attract farmers to use Pssixlomonas spp. in their agriculturaf practices. For example, result from the
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research could be further investigated in formulating suitable carrier(s) for the inoculants such as peat
materials, powdered coconut husk, dried compos, mineral soils, clay materials (kaolinite, bentoite, etc.).
incorporating agricultural waste materials as suitable carrier (s} for the inoculum production might solve
the environmental problems.

Literature Review

Rhizosphere is composed of three zones. The rhizosphere in a strict sense consists of the sofl
around the roots in which soluble and volatile compounds excrated by the roots diffuse. The rhizoplane
comprises the root surface and mugcigel covering pant of the roots behind the root cap. The
endorhizophere consists of epidermis and cortex cells in invaded by microorganisms.

The tarm of “rhizobacteria” was first proposed by Kicepper and Schroth in 1978 {0 point out
bacteria that live in a close relation with plant roots. The terms rhizoplane or rhizosphere bacteria are
used to describe bacterial groups isolated from rhizoplane or rhizosphers, imespective of their function
or thelr effective population density at that sites. Therefore, it Is possible that the so-called rhizosphere
or thizoplana bacteria are not reafly root colonizers but they have been transiently prasent and isolated
by chance,

Schroth and Hancock {1981} divided rhizobacteria into three value groups with regard to plant
growth, namely, beneficial, neutral, and deleterious. The potential of benefictal rhizobacteria as seed
inoculants has attracted soil microbiologists and plant pathologists, especially, because of their
aggressive behavior in colonlzing plant roots and displacing pathogenic, quasi-pathogenic or
deleterious rhizosphere microorganisms.

Fluorescent pseudomonads are important components of the- rhizosphere of many plants.
They may function as antagonists of soma pathogens in the soll and the rhizosphere of plants. Several
mechanisms by which rhizobacterial strains of Pseudomonas spp. enhance the piant growth have been
reported (Burr and Caesar, 1%4) The mechanisms may include (& the inoculated strains preemptively
colonize the rhizosphere of plants and thus exclude the populations of deleterious microomanisms; (b}

the inocufated strains produce plant growth promoting substances; (¢} the Inoculated strains mineralize
soll phosphate, and (d) the inoculated strains antagamze pathogens, quasi-pathogens, or other
delsterious microorganisms by production of extra cellular microbial metabolites (Table 1).

Basides some evidence on the potential use of Pseudomonas spp. some fallures of their use
may be fruitful to be highlighted here. Fluorescent pseudomonads Isolated from the rhizosphere of
sugar beet have been shown fo reduce significantly the growth of sugar beet and wheat (Efiiot and
Lynch, 1984}. In the case of ceroals {wheaf) and probably also other crops, Pseudomonas spp.
colontzed plant roots and even produced toxins to retard other rhizosphers microorganisms and also
plant growth. In addition, fluorescent pseudomonads inhibited the growth of horﬂctxétural plants such as
rough lemon and sweet orange seedling (Gardner of af,, 1984),
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Tabie 1. Various mechanisms by which Pseudomonas spp. promote the plant growth (after Anas, 1886)

Anf and Yusnaini

_Mechanisms Specles Refstences
a: Niche exclusion:
1. Potato P.fluorencens Burr et al. (1978)
P. putida Burr ef al. {1978)
2. Sugar beet Pseudomonas spp Kloepper et al. (1978)
b. Production of plant promoting substances:
1. Auxines Psetidomonas spp Lutenherg of al. {1971}
P fluorescens Stone and Strominger {1971)
2. Gibberalfing Pseudomonas spp.
P.Ruorescens
3 Gibberallins-lke  Pseudomonas spp. Eklund (1970}
substances P. fiucrescens Katznelson and Cole (1965)
4. Vitamins P. flucrescens Hussain and Vancura (1870}
¢. Produgction of phosphate-solubilizing compounds:
P striata
P putida Grimes and Mount (1984)
d. Antagonisms:
1. Siderophores . fluorescens Scher and Baker (1980)
P. putida Scher and Baker {1980)
Teintze ef al. (1981)
P. fluorescens Kloepper of af. (1980 a,b)
Arif (1990; 1996)
P. aeruginosa Anas (1987 a.b)
Arif (1980; 1995)
Hofte ef af. {1991)
Deviiegher of af. {1996)
2. Antibictics P. fluorescens Howel and Stipanovic (1979)
Pseudomonas $pp. Digat {1983}
Materlals and Methods
Coliection of the rhizosphere samples

The rhizospheres of graminaceousfcereals, grass, and legumes were sampled at 35 sites from
37 locations in Yogyakarta regions. The root of growing cane (Saccharum officinarum), maize (Zea
mays), rice (Oryza sativa), Geiah grass {Pennisefum purpureum), Kolonjono grass (Brachiaria mutics),
bean {Fhaseolus vulgaris), long bean (Pisum safivum), soybean (Glycine max), and peanut (Arachis
hypogea) were collected directly from the fields with a spade or hoe. The root samples were stored ina
thick plastic bag, tied kosely, and punctured to facilitate enough aerafion. Each samples was coded
according to the origins of plant and location.

To ensure the freshness of the root samples duoring fransporiation o the laboratory, the root
samples were kept in an ice bucket or polyethylene thermos, and then transferred immediately into a
refrigerator at 2 - 40 C. When root samples were ready for isolation, the samples were taken from

refrigerator and isolation was immediately carried out.



Biodiversity of Pseudomonas spp. from Rhizospheres and Thair Potential Use &4

Isolation and purification of the rhizobacteriaf strains of Pseudomonas spp.

The roots of various plants, respectively, were washed gently with tap water and than cut into
pieces of ca 0.5 cm with a pair of scissors. Then, the root were mixed with sterlle quartz-sands and
ground with a porcelain mortar. A ten-fold dilution serles was subsequently prepared In saline solution
(8.5 g NaCl in 1 lter sterile distiled water). The appropriate dilution series ware piated out

The Modified King B (MKB) medium was used for routine isolation {Anas, 1986). The plates
were incubated at temperature of 28 °C. The criteria used for selection of thizobacterial isolates are as
follows.

1. The production of dissolved pigment on MIKB medium, such as, green, blue, brown, yellow, or even
coloriess;

2. The colony size which reflacts, one way or another, a growth rate of the isolate; and

3. The clear inhibltion zones reflecting antagonistic capacity of the rhizobacterial strain towards other
microorganisms.

According to the afore-mentioned criteria, at least three isolated colonies from each sample
wore selected and then further purified on MKB medium. After the Incubation for 3 days at 28 °C, the
isolates were kept in a refrigerator to slowdown their growth prior to conducting effectiveness tests.
Regular transfer of each isolates was camied out. To avold contamination, the purification of isolates
was done in replicates, especially, for the good or prospective isolates.

Effectiveness test of the isolated rhizobactenial strains {gresnhouse experiment)

Series of greenhouse expserimant were carried out of the evaluate effacts of inoculation. The
average dry weight of plants originated from the inoculated seeds was compared to the uninoculated
seeds (control treatment). Each pair of treatment was then analyzed statistically using Student's t-test.
There were three possible effects of the plant tast: (a} the inoculation increased dry weight of plants at
a significant levet of 5%, (b} the inoculation hand no significant effact; or () the inoculation significantly
decreased the dry weight of plants.

In order to perform the plant experiments, some activities were carriad out as follows.

Preparation of the inoculum

Each rhizobacterial isolate was cultured in a liguid MKEB medium and shaken {ca.120 pm) on
a rofary shaker for 3 days at 28 °C. After incubation, the celfs were harvested by cenirifugation (5,000 x
g) for 30 minutes. The cell pallets were washed thoroughly with saline solution and resuspended in 1%

(wiv) methyl cellulose {CMC) solution. This solution containing rhizobacteriel cells (107- 109 clurol) was
used to inoculate seeds.

Seed inoculation procedure

Certified maize cultivar Bisi-2 was used as a test plant in this experiment. The malze seeds
were surface sterlized by immersion in 70% (viv) ethanol for 10 seconds followed by a soak in 5% (vA)
hydrogen peroxide (H;0,) for 2 minutes, and then rinsed 3 times in sterile distified water. The surface
storiiized-seeds were submemyed in viable rhizobacterial cells for the inoculated treatments and in
autoclaved cells for the control treaiments. The inoculated and control seeds, respectively, were sown
into the soil.

Greanhousa axperiment

Soll taken from Patuk, Gunung Kidul, was used as a medium during the effectivaness test.
The soil was air dried and passed through a 2 mm-sieve. One kg of completely mixed soil was filled into
a 1 liter-plastic pot. Twenty mi of 5 time-concentrated Long Ashton nutrient solutions were added to
each pot (Hewitt, 1996).

Both the inoculated and noninoculated (control} maize seeds were sown into the prepared soil
at ca. 2 cm depth. The soil water content was adjusted to ¥/ water hoiding capacity (30% dry basis} by.
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adding water to the pot soil, once a day. Each treatment was repeated 4 times. The plants were grown
for 3 weeks in the greanhousa

The effect of Inoculations was measured by comparing the dry weight of the inoculated plants
fo the average dry weight of the corresponding control. To determine the plant dry weight, plant
materials were kept in a paper bag and dried in the oven at 70 °C for 48 hours. The students t-test was
used for statistical anafyzes. The rhizobacterial strains that significantly increased plant dry weight were
selected for further experiments,

Preseryation of the effective rhiz ial
The effective rhizobacterial strains resulted from the greenhouse experiments were praserved

on the MKB slant and kept in a refrigerator at 2-4 °C. Regular transfers of the sirains were conducted
for at least every 2 or 3 weeks.

Verffication study of the selected rhizobacterial strains of Pseudomonas spp. for their plant growth
promofing capacity

The objectives of this experiment wers to evaluate results obtained from the effectiveness
experiment of selected strains of Pseudomonas spp. and o select several from amengst best strains
further mvestigation in the future.

The procedures to conduct this experimant were essentially the sama as the effectiveness test
axporiment. For example, preparation of the selected strains, seed inoculation procedure, and
greenhouse experiment had been explained cleatly In the previous section.

identification of the selected rhizohacterial strains of Pseudomonas spp,

The standard procedure of Bergey's Manual was used i identify the selected rhizobacterial
straine of Pseudomonas spp. Qualitative determination of bactenal species included observation of cell
morpholegy and motility, flagellar arrangement, nature of produced pigment (siderophores), growth on
different temperatures, the ability to assimilate some carbon sources, omganic acids, amino acld or
amines, and SDS-page of selected beneficial strains of Pseudomonas spp.

Te detemune the abﬂdy of PGPR Esolatas to gfew on 12 carbohydrates, 4 qrgamc acids, and
18 amino acids or amines, solid M9 mineral medium was used (Maniatis ef al, 1982). Each
carbohydrates and organic acids was supplied to M3 mineral medium as a sole carbon source and was
given at a concentration of 0.8 -2.0g C 14
Amino acids or amines were supplied as both carhon and nitrogen sources at a concentration of 0.8 -
209 C 1tand of 0.28 - 0.58 g N 11, Bacterial colony previously grown on soil MKB medium was
streaked on solid M9 mineral medium containing each carbon andfor nitrogen resources. Plates were
Incubated at 28° C for 3 days. Respectively, the growth of PGPR on 12 carbohydrates, 4 organic acids,
and 18 amino ackds or amines were observed on plates under the UV lamp. The visual colonies on the
plates were recorded as a positive growth. Pseudomonas aeruginosa 7 NSK2 strain, a plant growth
promoting rhizobacteria isolated by Anas {1987 a; b), was used as a reference isolate.

Ry UL RS
Bastanal cell cuttums ;)revscusly grown m MKB broth at a late expenenﬁai phsse were strike
on MKB and MKB + EDTA {1.0 g 1) solid medium. Plates were incubated at ambient temperatures at
4oC, 12.5°C, 28°C, 33 °C, and 42 °C.
The siderophote production on plates at different tempazaturas was checked under the UV lamp. The
visual colonies on plates were recorded as a positive growth. Pseudomonas aeruginosa strain 7 NSK2
and Pseudomonas fiuorescens ANP15 (Anas, 1987 a; b) were used as a reference isolate.
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Qualitative datermination of siderophores produced by the PGPR (Scher and Baker, 1882}

To determine siderophore production, M9 mineral medium containing 2 g glucose-C1* was
used. Iron was added {0.1 g FeCl; per liter M3 medium) in the half of treatments. The test organisms
wore introduced into 50-mi portion of the medium and incubated on a rotary shaker (175 rpm) at the
temperature of 28° C. After 24 hours, the cultures were centrifuged at 4.000 x g for 30 minutes.
Supematant was fitered through a 0.2 um fiter to remove the residual cells and the pH of the filtrate
was adjusted o 5.5.

Each supernatant was added to 2 spectrophotometer tubes (3 mi per tube) fifteen pi of 0.01 M
Fe CI3 was added to one tube, whereas the other tube, to which no iron was added, served as a blank,
Absorbance at various wavelengths was read against the blank.

Bacterial coll membt, reparatk SDS-Pa

Outer membranes of late-exponential phase cells were obfained using a modified method of
Cornelis {Seong, 1991). Three mi of cells grown in different media (LB: Luria Broth, M8 + citrate, and
M3 + glucose) were harvested by centrifugation at 14,000 x g for 2 minutes. The peliets were incubated
in the presence of 100 pl lyzozyme and EDTA (8 mg lyzozyme in 2 ml EDTA lysis buffer) for 30
minutes. To lyse the cells completely, 100 pt 2 % N-Lauroyl Sarcosine (NLS, dissolved in 25 mM Tris-
HC! ueffer, pH 8.0} was added followed by the addition of 300 pl 1% NLS. The cell suspensions were
sheared with syringes until the viscosily of the suspension disappeared, and were centrifuged twice at
14,000 x g for 30 seconds to remove celf debris. The supematant containing the membrane fraction
was centrifuged at 14,000 x g for 30 minutes. This peliet was washed with 250 pl NLS (1%) and
suspended in 30 pf Tris-HCI buffer {10 mM, pH 7.8). Thirty 1l loading buffer containing 0.63 M Tris-HCl
{pH 6.8}, 10% glycerol {v v'), 2% sodium dodecyl sulfate (SDS, w v}, 5% B-mercaptoethancl (v v?),
and 0.0025% bromophenol blue was added.

SDS polyacriiamide gsl electrophoresis was carried out 88 described by Harow and line
(1988) using 2 Min-PROTEAN 1l dual slab cell {Bio-Rad). Separating gels contained 15% (w v)
acrylamide mix (14.6 % acrylamide and 0.4 % N,N-methylene-bis-acrylamide), 0.1% SDS, 0.04%
TEMED (v v'),N,N,N',N'-Tetramethylenediamine) in 0.125 M Tris-HCI (pH 6.8). Electrophoresis was
carried out at 50 mA per slab 7 cmx 8 cm x 0.75 mm),

Result and Discussion

Cofisction of the rhizosphere and soil samples

Locations, number of rhizosphere sampies and plant specties used for isolation of
rhizopseudomonads were presented in Table 2, Rhizospheres of various plants were collected from 35
sites distributed throughout 7 locations in Yogyakarta regions.

Some important physicochemical properties of the rhizosphere scils are presented Table 3.
Result of rhizosphere sofl analysis indicated that each location reprasented different solf andfor
ecophysiological conditions,

Isolation and purifications of Pseudomonas spp.

Since the root samples were kept in an lcebox during transportation form the fiekls, the roots
ware stil fresh then they amived at the laboratory. This was very imporiant to avold the death of
rhizosphere microorganism, At least 3 isolates from each rhizosphere samples were selected. Two or
three days after the incubation at 28 - 30 °C on solid MKB medium, the rhizobacterlal colonies
appeared. Based on the criteria {size of colony, inhibition zone, and production of pigment), the isolated
colonies were selected. Therefore, 136 strains from 35 sites from 7 locations were isolated from the
rhizosphere of graminacecus/cereals, grass, and legumes (data not shown). Seventy-eight isolates
{57.4%) produced fluorescent pigment or siderophores, 49 isolates (38.0 %) were not pigmented
{colorless o hyaline) and 8 isolates {(6.4%) produces non-fluorescent yellow pigment. Most of the.
isolates (97 strains or 71%) exhibited madium to strong clear inhibition zone {data not shown).
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Effsciiveness lest of the rhizopseudomonad isolates (greenfouse experiment)
Soil used for medium to grow maize plants in the greenhouse was taken from Patuk, Gunung

Kictul, Yogyakarta. Chemical composition and physicochemical properties of Patuk soil are shown in
Table 4. In generat, soil had a medium pH, heavy texture, and a very low P content.

Table 2. Locations, number of rhizosphere samples, and plant speciesforigin for the isolation of
rhizopseudomonads

Locations Number of samples  Plant Specles
Bantul 4 Soybean (Giycine max)
Kolojono grass {Rachiaria mutia)
Maize (Zea mays)
Peanut (Arachis hypogea)
Gamping 5 Soybean {Glycine max)
Kolojono grass (Rachiaria mutia)
Maize {Zoa mays)
Bean (Phassolus vulgaris)
Cane (Saccharum officinarum)
Sedayu 5 Long bean (Pisum safivum)
Maize (Zea mays)
Paddy rice (Oryza sativa)
Sentolo 7 Sorgum {Sorgum bicolon
Kolojono grass {Rachiaria mutia)
Maize (Zea mays)
Sewon Kolojono grass (Rachiaria mutia)
Temon 7 Long bean {Fistm sativum)
Peanut {Arachis hypogea)
Cane (Saccharum officinarumy)
Wates 6 (ajah grass (Pennisetum purpureum)
Kolonjono grass (Brachiaria mutica)
Malze (Zea mays)
Total 35 samples 9 plant species

-

Forty-sight isclates had been tested for their ability to enhance growth of maize cultivar Bisi-2 in the
greenhouse. Five rhizopseudomonad isolates (44, 66, 67, 71, and 126). Increased plant dry weight
from 19% up to 25%, 4 isolates decreasad plant dry weight from 14% up to 27%, and the other Isolates
were neutral (Table 5). Alk of these PGPR isolates produced siderophores and were originated from
maize rhizosphers. However, all deleterious isolates were originated from rhizosphere of cane, grass,
and peanut. This observation cleary demonstrates the presence of plant-microbe specificity
phenormenon.

Growth of PGPR on carbohydrates, organic acids, and amino acids or amines

To study physiologicat characteristics of the PGPR isolates, carbon and nitrogen assimilation
tests were conducted. Each PGPR strains was tested for their ability to grow on 12 carbohydrates, 4
organic acids, and 18 amino acids or amines (data nof shown). Results presented in Table & clearly
show that 5 PGPR isolates are grouped into 4 different strains (44, 86, 67, & 71, and 126). All PGPR
isolates were unable to grow on betaine, glycine, and DL-threonine, suggesting that all PGPR isolates
are most fikely not members of Pseudomonas aeruginosa. Our finding is very important fo ensure
safety use of these PGPR isolales in the future. Yet, P. aeruginosa is commonly found in soil and
causes root rot of some plants (Bergey's , 1984). Clinical isolates of these bacteria are also known to

be apportunistic human pathogens.
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Table 3. Some important physicochemical properties of the thizosphera solls

Sofl Propetties Location

Bantul Gamping  Sentolo  Sewon  Temon  Wates
Org-matter (%) 1.37 151 439 332 287 467
0rg-C (%) 0.79 0.86 254 1.83 1.72 271
Tot-N (%) 0.08 0.10 017 0.17 0.15 0.29
CN 9.90 8.60 14.90 1140 1150 9.30
pH (H0) 6.63 740 762 6.50 6.40 7.18
pH (KC}) 5.39 8.07 6.62 5.48 482 636
Textural Class SL sL C SL L c
% Clay (0-2 um) 9.50 0.55 57.70 13.92 2583 4550
% Silt {2-50 pm) 11.86 18.11 9.83 25.83 4812 2104
% Sand {>50 pm) 78.64 72.34 247 80.25 2506 3368

Note: - SL = sandy loam; L = loam; C= clay
- Rhizosphere soil from Sedayu was not determined

Effect of incubation temperature on the growth of and siderophore production by PGPR isolates

The temperature ranges at which the Pseudomonas strains coukf grow are presented in Table
7. All PGPR isolates obtained in this experiment grew at temperature ranges from 125°C 0 33°C. In
conirast, Pseudomonas aeruginosa strains 7NSK2 and PAC286 grew at temperstures ranging from
125 ¢C to 42 °C, while Pseudomonas fluorescens straln ANP15 grew from 4 °C to 33 °C. Based on the
differences of their ecological requirements, these PGPR isolates (44, 66, 67, 71 and 121} are most
lkely neither members of Pseudomones aeruginosa nor Pseudomonas fluorescens type strains. The
addition of a synthetic iron chelator EDTA {1.0 g per liter) fo the growth medium (MKB} to induce ron
shortage conditions is able to differentiate amongst the PGPR Isolates. Under this conditions, the
PGPR no. 44, 66, and 126 did not growth at 12.5 °C, but they grew better and produced siderophore at
33 oC. In contrast, the PGPR no. 87 and 71 could overcome an iron shortage at 12.5 <C, although no
siderophores s produced under an iron shortage at 33 °C. The overall results demonstrate pressnce of
ecophysivlogical variations or genetic diversity amongst the PGPR isolates from maize rhizospheres in
Yogyakarta regions.
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Table 4. Chemical composition and physicochemical properties of Patuk Soll used for pot experiment

Soil Properties Unit Values

- Org-Matter 158 %

- Org-C 0.92 %

-TotN 0.10%

- C/N ratio 9.20

- CEC 37.01 cmol {+) Kg

- pH (H20} 6.9

- pH (KC) 5.01

- Extractable element (NHiAC-EDTA)
K 136.50 mg Kg
Ca 1,510 mg Kg
Mg S22mg Kg 1
P 1.63 mg Kg

- Exchangeable Al 007 me 100 g

- Fleld Capacity (FC) 39%

- Texture class Clay
Clay (0-2 ym} 54.91 %
Silt{2- 5 pm} 12.26 %
Sand (>50 pm) 13283 %

Table 5. Effect beneficial and deleterious of rhizopseudomonad isolates on growth of maize cultivar
Bisi-2 under greenhouse conditions

Origin of isolate Effacts {%}

No.  lsolatecods 0 Plant ncrease _ Decrease
A. Beneficial rhizopseudomonad (PGPR)

44 §D2.2 Sedayu Maize 233 -

66 ST2.4 Sentalo Matze 18.1 -

67 8725 Sentolo Maize 235 -

71 ST3.4 Sentolo Maize 24.7 -

126 WT8.2 Wates Maize 208 -
B. Deleterious rhizopseudomonad

5 BT2.2 Bantul Kolonjono Grass - 270

16 GP1.1 Gamping Cane - 137

38 GP5.3 Gamping Peanut . 175

% TM1.1 Temon Cane - 16.9
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Table 6. Results summéry of growth on some specific carbohydrates, organic acids, and amino
acids/amines by plant-growth promofing rhizobacteria {(PGPR)

Coda number of PGPR Isolates

Specific compotind 34 66 87 71 196 P. aefuginusa INSKZ

A. Carbohydrates
1. D-Arabinose
2. D-Galactose
3, Lactose
4, Mannitol
5. Mattose
B. Saccharose
7. Sorbitol
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B. Organic acid
1. Maleate - . - - - -

C. Amino acids/Amines
1. Betgine - -
2. Glycine
3, L-Leucine
4. L-Lysine
5. DL-Threonine .
8, Urea - - . -
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Qualitative defermination of siderophores produced by the PGPR

Under iron deficlency, Pseudomonas spp. produces siderophores (Cox and Graham, 1979).
The importance of siderophore production by several fluorescent Pseudomonas spp. either as a
beneficial factor plant growth or as a virulence factor in infection was well demonstrated (Leong and
Expert, 1988, Loper and Buyer, 1991). Therefore an attampt to determine siﬁerephores by the PGPR
isolates is very important for PGPR isolate characterization.

Siderophores producad by the PGPR isolates (67,71, and 126) exhibited almost the same
spectral patterns whereby two peaks were observed at ca. 230.0 nm and ca. 400.0 nm {data not
shown}. However, All deleterious isolates (5, 16, and 90} showed distinct spectral patterns with three or
four peaks {data not shown).

Quter membrane profein analysis (SDS-Page] of 3 selecled PGR strains

Three PGPR strains of 67, 71 and 126 were salected for membrane protein analysls. Cuter
membrane proteins were prepared from cells (at late exponential phase} grown in LB, MS-ciirate, and
Md-glucose media. For all PGPR strains, distributions of proteins with different molecular weight were
more expensive in LB medium, High molecular welght proteins of ca 130-kDa and ca 85 kDa were
present in the PGPR strains 67 and 71, while in the PGPR sfrain 126 they were absent. However, two
prominant bands of proteins of ¢ca 25 kDa and ca 80 kDa were present in PGPR strain 126. The results
suggest that both PGPR strains 67 and 71 are most likely two identical strains, but PGPR strain 128 is
another strain. This observation supports the results of ecophysiological experiments where the PGPR
strains 67 and 71 are completely identical straing (Tables 8 and 7).
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Table 7, Plats assay for growth and sidarophore production at different temperatures on MKB+EDTA
(1g1"

PGPR 4G 12.59C 28C
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A = growth on MKB, B = growth on MKB+EDTA {1 g '), C = produce siderophore on A and B medium,
+ = growth exhibited, - = growth was not exhibited.

Reference Pseudomonas spp. (Anas of al, 1987 a & by ANP15 = P fluorescens, TNSK2 = P
aeruginosa, PAOZBE = P. genuginosa.
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Figure 1. Quter membrane proteins: Lane S contains protein of molecular weight standard. Lanes 1o 3
contain outer membrane proteins {opr) of the PGPR strains 67, 71 and 126, respectively. LB:
Luria Broth, CT: M9-citrate, and GL: M3-glucose.
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Conclusions

One hundred thirty six rhizopseudomonads strains were successfully isolated from
rhizospheres of graminaceous/cereals, grass, and legumes from 35 sitas at 7 locations in Yogyakarta
regions. Seventy eight isolates (57.4%} produce siderophores on solid MKB medium observed under
UV fight, 49 isolates (38.0%) are not pigmented, and 9 isolates (6.4%) produce non-fiuorescent yellow
pigment. Most isolated (97 strains or 71 %) exhibit medium to strong clear inhibitien 2ones. Forty-eight
strains had been testad for their potentiality to promote growth of maize under greenhouse conditions.
Five beneficial isolates or PGPR sirains increase plant dry weight from 19% to 26%. Four deleterious
Isolates decrease plant dry weight from 14% to 27%. The majority of isolates are neutral. Studies on
eco-physiological  characteristics and outer membrane protein analysis (SDS-Page) of
rhizopseudomonad isolates indicate that 5§ PGPR Isolates can be grouped into four distinct stralns. All
PGPR or beneficlal isolates are not likely neither members of Pseudomonas seruginosa nor
Pssudomonas fluorescens. Siderophore (microblal fron-chelating compounds) produced by beneficial
or PGPR isolates exhibit almost the same spectrat patterns. Two prominent peaks are identified at ca
235.0 nm and ca 400.0 nm. However, all delsterious isolates produce different speciral patterns with
three or four paaks.

Anticipated Future Research

Based on our previous research findings, the new ressarch topics that will be conducted are (1) co-
inoculation study of two or more beneficial strains on thelr effects on plant growth of matze on different
soil types, (2) improvement of inoctdation technique and inoculum formulation, aimed at (a) finding
suitable technique(s) for production of rhizobacterial cells in large quantities and (b) formulating suitable
camier(s) for the inoculants, such as, peat materlals, powdared coconut husk, dried compost, minerat
soil, clay materials (Kaofinite, bentonite, etc.), {3) identification of environmental conditions affecting celt
viabllity and storage lifetime of the inoculants, such as, temperature, pH, water content (drought stress),
{4) compatibllity studies of the inoculents with commerclal fungicide(s} used as sesds treatment, (5)
seed inoculation with beneficial Pseudomonas spp. (PGPR straing) on different crops and solf types
under field conditions, (6) co-inoculation study between Pseudomonas spp. with other beneficial
microorganisms or  associations, such as, Rhizobium, phosphate solubiizing microorganism
{mycorhiza), Azospirifum, Bacilus, or Azotobacter, stc., and (7) mass production of Pssudomonas
spp. based inoculants the improvement of the agriculiural incculation technelogy In Indonesia.

Acknowledgements

We would like to express my sincere gratitude to Prof. Josdoro Soedarsono, the director of
IUC for Biotechnology, Gajah Mada University, and Triwibowo Yuwono, Ph.D., Head of Laboratory of
Microbiology, for their valuable cooperation and permission fo use all research facilities, We would also
like to thank Mrs, Tri Purwanti, Mr. Har and all collaborators of Laboratory of Soll Chemistry and fertiiity,
Gajah Mada University, and Laboratory of Soli Biology and Biochemistry, Lampung University. Last but
not least, | would like thank Or. Iswandl Anas who has Inspired me with his 1S8F manuscripts and
publications elsewhers,



&3 Arif and Yusnaini

References

Anas, |. 1986. Seed inoculation with Pseudomonas spp. Ph.D. Dissertation. Fac. Agric. and Appl. Biol.
Scl. Univ. Gent, Belgium, 148 p.

Anas; 1, P. Bossier, J. Vandenabeele, and W. Verstrate. 1987 a. Relation between soil microbial
activity and the effect of seed inoculation with rhizopseudomonad strain 7 NSK2 on plant
growth. Bicl. Feril. Soils 3; 147-151.

Anas, |, P. Bossier, J. Vandenabeele, and W. Verstrate. 1987 b. Effect of seed hoculation with
rhizopseudomonad strain 7 NSK2 on the root microbiota of maize (Zea mays) and batley
(Hordeum vulgare). Biol. Fertile Soils 4: 125-128.

Arief MAS. 1890, Effect of siderophore producing flourencent Pseudomonas sp. on the growth of
malze (Zea mays). M.Sc. thesis, Fac.Agric. Appl. Biol. Sci., Univ. Gent, Belgium. 48 pp.

Arief M.A.S. 1995. Alternation of the microbiota of a soll by selective carbon sources Ph.D. dissartation.
Fac. Agric. Appl. Biol. Univ. Gent, Belgium. 139 pp.

Bergey's. 1984. Manual of Systematic Bacteriology. N.R. Krieg and J.G. Holt (Eds.), Vol1, p.176.
Williams & Wilkins, London.

Burr, T.J., M.N. Schroth, and T.V.Suslow. 1978. Increased potato yields by treatment of seed pieces
with specifics strains of Pseudomonas flourencens ANP 15 and Pseudomonas aeruginosa 7
NSK2. Appl. Environ. Mocrobiol, 61 3865-3871.

Deviiegher,W. M.A.S. Arief, and W. Verstraete. 1996. Survival and plant growth promotion of detergent-
adapted Pseudomonas fluorensencs ANP 15 and Pseudomonas aeruginosa 7 NSK2. Appl.
Environ. Microbiol. 61 : 3865-3871. ~

Digat, B. 1993. Modes d'action et effects des rhizobacteries promotrices de la crolssance at du
development des plantes. Les Colloques de 'INRA No. B, Borseaux.

Ekiund, E. 1970. Secondary effects of some Pssudomonads in the rhizoplane of peat grown cucumber
plants. Acta Agric. Scand.Suppl. 17: 1-57.

Elfiot, LF. and JM. Lynch. 1984. Pseudomads as a factor in the growth of winter wheat {Trificum
sestivum L.). Scit Biol. Biochen., 84: 57-65.

Gardner,GM,, J.L. Chandler, and A.W. Feldman. 1984. Groeth promotion and inhibition by antibiotic-
producing fluorescent Pseudomonads on citrus roots. Plant Siol, 77: 103-113.

Grimes, H.D. and M.S. Mount. 1984. Influence of Pseudomonas putida on nodulation of Phaseolus
vulgaris. Soil. Biol. Biochem. 16:27-30.

Hewitt, E.J. 1966. Sand and water culture methods used in the study of plant nufriion. Technical
Communication No. 22 of the Commonwealth Bereau of Horticulture and Plantation Crops.
East Mailing, Maidstone, Kent,

Hofte M., J. Boelens, and W. Verstrale. 1931. Seed protection and promotion of seediing emergence by
plant growth beneficvial Pseudomonas strain TNSK2 and ANP15. Soil Biol. Blochem. 23: 407-
410.

Howell, C.R,, and R.D. Stipanovic. 1979, Control of Rhizoclonia solani on cofton seedling emergence
by plant growth beneficial Pseudomonas fluorescens and with an antibiotic produced by
bacterium. Phytopathol. 69: 480-482.

Hussain,A. and V. Vancura. 1870. Formation of biokogically active substances by Rhizosphere bacteria
and their effect on plant growth. Folia Microbiol. Prague 15 468-478,

Kaztnelson, H. and S.E.Cole. 1965 Production of ghbereliin-ike substances by bacteria and
actinomycetes. Can. J. Microbiol. 11: 733-741.

Kloepper, JW. and MN. Schroth. 1878. Plant growth-promoting rhizobacieria in radishes. In Proc. 4 th
Int. Coif. Plant Plath. Bact,, Station de Pathologie vegetable et Phytobacteriol. Eds., Angers,
France 2: 862-879.

Kloepper, JW., J. Leong, M. Teintze, and M.N. Schroth. 1980 a. Enhanced plant growth by siderophore
produced by plant growth promoting rhizobacteria. Nature 286: 885-886,



Biodiversily of Pseudomonas spp. from Rhizospheres and Their Polential Use 69

Kloepper, JW., J. Leong, M. Teintze, and MN. Schroth. 1880 b. Pseudomonas skisrophores: a
mechanism explaining disease-suppressive soils. Curr. Microbiol. 4: 317-320.

Kioepper, JW.,'M.N Schroth, and T.D. Milier, 1980 c. The effect of rhizosphere colonization by plant
growth-promoting rhizobacteria on potato plant development and yield, Phytopathol. 70: 1078-

: 1082.

teong, S.A. and D. Expert 1989. Siderophore in plant-pathogen interactions. In: Plant-Microbe
Interactions. Tsunse K., EW. Nester (Eds). Pp. 62-83. Mc.Graw-Hill Publishing Company, New
York.

Loper, J.J.E., and J.S. Buyser.1991. Siderophores in microbial interactions on plant surface. Molecular
Plant-Microbe Interactions. 40: 5-13.

Lutenberg, E.J.J., A. van Schijpdel-van Dam, and T.H. van Bellegam. 1971. In vivo and in vitro action of
new antibictics interfering with utlization of N-acetylglucosamine-N-acetylmuramyl
pentapeptide. J.Bacteriol. 108: 20-29,

Scher, FM. and R.Baker, 1880. Mechanism of biological control in Fusarium wilt pathogens.
Phytopathol. 70: 412- 417,

Scher, F.M. and R.Baker. 1982. Effect of Pseudomonas putida and a synthetic iron chelator on
induction of soil suppessiveness fo Fusarium wilt pathogens. Phytopathol., 72: 1567-1573.

Schroth, MN. and J.G. Hancock. 1981, Selected fopics in biological control. Ann. Rev. Microbiol. 35:
453-476.

Stone, K.J. and J.L. Strominger, 1972, Inhibition of sterolbiosynthesis by bacitracin. Proc. Natl. Acad.
Sei., USA 235: 339,

Teintze, M., M.B. Hossain, CL. Barnes, J. Leong, and D. van der Helm. 1981. Structure of ferric
pseudobactin, a siderophore from plant growth promoting Pseudomonas, Biochemistry, 20:
6446-8457,

Tien, T.M., M.H. Gaskins, and D.H. Hubbell. 1879, Plant growth substances produced by Azospinfum
brasfiencse and their effect on the growth of pearl miflet {Pennisetum americanum L.). Appl.
Environ. Microbiol. 37: 1016-1024.



Conservation and Sustainable Management of Belowground Biodiversity

AN OVERVIEW ON ENTOMOPATHOGEN!C NEMATODE (EPN)
RESEARCH IN INDONESIA
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Laboratory of Biopesticides, Indonesian Agricultural Biotechnology and Genetic Resources
Research Institute (IABGRR, Jalan Tentara Pelajar 3A, Bogor 16111, Indonesia

Infroduction

Entomopathogsnic nematodes (EPN), referred also as insect parasife nematodes, have been
recognized since the 17 century, but are only exploited as biological agents 1930's to control the
Japan beetle in New Jersey, United States {Gaugler and Kaya, 1990). Their potentials were neglected
by extensive use of chemical insecticides in1940's to 1960's. After revelation of negative impacts of the
chemical pesticide use, research and exploitation of EPN regained attention because they own high
potentials 1o be used as biocontrol agents of insect pests (Buecher and Popiel, 1989).

There are two genera of EPN found almost in all over the world, Steinermema and
Heterorhabdilis (Poinar, 1990). The genus Steinernema belongs to the family of Steinemematidae
from order Rhabditida. Heterorhabditis included in the family of Helerorhabditidae {order Rhabdifida) is
new genus and family found by Poinar. Geners Steinernema and Heterorhabditis have more
pathogenic species fo insect than other genera. Up to now there are 16 pathogenic species of
Steinemema and six specias of Heterorhabditis which have been identified.

Pathogenicity of EPN to insect happens through mutualistic symbiosis with pathogenic
bacteria of Xenorhabdus in Stelnemema and Photorhabdus In Heterorhabditls (Forst ef al, 1897).
Symbiosis complex of EPN - bacteria is very ideal to be developed as blological agents of pest insects,
because they are active, own high virulence, have wide host range, grow on artificial media, easy to
apply, save for the environment, and compatible with some types of chemical pesticides {Gaugler and
Kaya, 1990). Bacterial cells are brought into the infective juvenile {third 1J) of the EPN. The EPN
bacteria are unable to freely live in nature. Infection process only happens through penetration of EPN
into insect.

n some countries, symbiosis complex betwesen bacteria - EPN has been exploiled as
blocontrol agents for insect pests {Friedman, 1280). Some commerciat biopesticide products using
EPN as active ingredient have also been marketed. In -an effort to develop potency of Indonesian
indigenous EPN, Indonesian Agricuftural Biotechnology and Genetic Resources Research Institute
(IABGRRI, formerly Balitan), Bogor, through research cooperation with University of Wales, Cardiff,
England has explored EPN from all over Indonesia. Potential strains of EPN are being developed and
formulated as effective and environmentally friendly biopesticides. At present, research has reached in
vifro mass production using artificial media and granufate formulation with alginate Dissemination of
conventional mass production technology that is easy to be adopted by farmers has also been
conducted through cooperation with Balai Peramalan Hama Tanaman Pangan dan Hortikulutura
(BPHTPH) and Balal Penerapan dan Pengkajian Teknologi Pertanian (BPPTP). This paper reviews
research on EPN conducted at the IABGRRI since 1993,

EPN Collection

First step of research is exploration to coflect indigenous Indonesian strains of EPN.
Locations of survey are Java (Cisolok, Pelabuhan Ratu, Serang), Ball (Candidasa, Surabrata, Medewi,
Basangkasa, Petingan), Ambon (Latuhalat, Toisapu, Natsepa, Waai, Liang), Seram (Kairatu Ferry,
Kamal, Hatu Sua), and Sulawesi, From sach location, sandy scil or soit with high porosity having
appropriate properties for EPN habitat were taken. In the laboratory, sample was placed in bottles,
infected with Hongkong caterpiltar (Tenebric molitor) or Galleria mefonella for trapping EPN.  After
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incubated for five days, existing EPN infected the larva. Symptoms of larva infected by Heferorhabditis
differ from those of larva infected by Steinernema. Dead caterpillars infected by Steinemema are
young tan, while those infected by Heterorhabditis are reddish, dark tan.

In this exploration, 23 strains of Steinerema and 24 strains of Heterorhabditis were collected
. by. PCR analysis indicated that four strains of Heterorhabditis were identified as H. indicus, while
strains of Sfeinernema have not been identified, but they were anticipated fo consist of two different
types by RFLP analysis.

EPN Mass Production

Mass production of EPN can be conducted through two ways, by in wwo using Hongkong
caterpillar or bamboo caterpillar, and by in vifro using ariificial media.

Under in vivo mass production method, EPN is multipied in Hongkong caterpilar {7. moiitor)
or honey caterpiliar {Gafleria melionella) according to the method of Woodring and Kaya, EPN is grown
on fiter paper in petri dish {diameter 9 cm). As much as 1.4 ml of EPN suspension containing 100 -
200 Li/mi is dripped into petri dish, before 30 caterpillars of 7. molitor are infested into the dish. Afer 5
- 7 days of incubation, infected farvae are transferred to a trap in the form of a plastic box (30 x 20 x 4
cm} with aluminium layered by muslin cloth. Water is added into the plastic box t#l the height of 0.5 cm.
1J of EPN will come out and they can be harvested 12 to 20 days after inoculation. Before use, 1J can
be kept in aerated water or in sponge incubated at room temperature.

Production of Heferorhabditis in Hongkong caterpiliar can reach 0,6 - 0,76 x 106 lJigm (Falion
ot al, 1995). Production of EPN is influsnced by inoculum concentration per larva. According to
Chaerani of al. (2000), the most optimal inoculum concentration is 50 - 200 1J/iarva. After inoculation,
1J start to emerge on the day 9 until day 30. Maximal production occurs 14 days after inoculation,
reaching 0,12 x 106 lJftarva. The best production happens in honey caterpiliar, G. melionefla, that is
1,8 x 106 igm. Production of Steinemema in Hongkong caterpiflar reaches 0,88 x 106 lWgm and in
G. mefionefla reaches 1,4 x 106 Ligm.

in vifro propagation using artificial media is in fact more difficult and complicated because #
depends on primary phase of the symbiont bacterium (Akhurst, 1980), but is more efficient for
commercial or big scale production, The media consist of substances with high proteins such as
homogenate intestine, liver extract, yeast extract, egg, peptons, soy flour, elc. (Bedding, 1984;
Chaerani ef af,, 2000; Budihardjo ef al., 2002). Propagation can be conducted in solid or liquid media.
Solid media with sponge are most commonly used because as their porosily is suitable for EPN habitat.
Nutrition is soaked into sponge with ratio of 12.5: 1 {media: spongs, W/W) (Bedding, 1984). The
sponge is put into heatresistant plastic or bottle, and then sterilized. After the medium is cool, the
primary bacterium is inoculated into the media. Bacterium is allowed to multiply for 2 - 3 days before
inoculation by as much as 1000 - 2000 lJ/bottle volume 500 ml. EPN can be harvested two weeks
later. Every gram of sponge media can yield 100 - 200 thousand Ns.

in propagation with liquid media, media are put input fermentor with capacities of 1500 mi,
The media are then sterlized In an autoclave for 30 minutes at temperature of 121 °C. After chilling,
media are inoculated with 4.2 x 107 cellsim! of bacteria of primary phase in NaCl 0,5%. Two days later,
as many as 105 1)/ ml EPN are inoculated into the media. Production of Hetarorhabditis by this method
can reach 0,087 - 0,096 x 106 |J/gm media {Chaerani of &/, 2000). This result Is lower compared to
result obfained in Maynooth, Ireland, which can reach 0,7 x 106 1)igr media (Fallon ef af., 1985).
Expenses raquired fo produce one milllon of Lis is Rp 488,00 based on calculation in the year of 1995.

In the same way, production of Steinernema can reach 0,11 - 0,16 x 108 Lligr media. This
result is also fower compared to resuit oblained in Maynooth, which can reach 0,4 x 106 iJ/gr media,
This difference is anticipated due to different ability of each strain to multiply or nutrition quefity. in wvitro
methods of mass production require further development for larger scale production.
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Development of EPN Blopesticide Formuiation

In developing EPN as biopesticides, besides mass production problem, formulation and
storage techniques require attention, because EPN as organisms have limited tolerance levels. EPN
do not own dormant phase. Growth stadium of EPN that can be used as an active substance for
development of biopesticide is |J stadium, because this stadium survives longest when the host is
absent,

To investigate |J viability in storage without decreasing its pathogenicity, storage methods at
various temperature levels (9 °C, 11 °C, 13 °C, and 15 °C) have been studied using various substances
{water, Ringer solution, formalin, sea water, glycerol) and media. Results of this research indicate that
storage of IJ in Ringer solution at temperature 15 °C is the best storage condition. Viability of 1 stil
reaches more than 60% after sight-depository weeks. Ringer solution has salinity aimost similar to
insect haemolymph. Carrier media that are good for storage are alginate or sponge compared fo
kaolin, active charcoal or tapioca,

Bloefficacy of EPN and Their Symblont Bacteria

Strains of EPN collected have been tested for thelr effectiveness to some types of pest
insects, either in laboratory or in the field, such as Hongkong caterpillar (7. molifor), “grayak” caterpillar
(S. litura), "boleng” pest of sweat potate {Cyfas formicarius), potato leaf borer, and some other insats
such as 0. fumacalis.

Results of bioefficacy test in the greenhouse indicate that with concentration of 60.000 Li/pot
(diam. 30 em), Heferorhabditis is able to depress population of C. formicarius and potato leaf borer until
66% and 70%, respectively (Chaerani and Waluyo, 1996; Yulensri, 2001). Effectiveness of
Steinemema in decreasing population of yellow rice stem borer (Scirpophaga incertulas) with
concentration of 20.000 Li/bunch reaches 86%, but effectiveness of Helerorhabditis to 8. innotafa with
concentration of 20.000 L/ bunch only reaches 35% (Falon ef al, 1995),

Field experiment in Sukamandi shows that application of Heterorhabditis with concentration of
20.000 1Jim! can depress population of S. innofafa until 67%. But subsequent experiment with
concentration of 5.000 L)/mi results in the death of S. innotata of only by 39%. The same death level is
also shown in application of Steinernema with concentration of 10.000 fml (Fallon et af, 1995). This
matter indicates that Indonesian population of Heferorhabditis and Steinernema has enough potential to
be developed as biocontrol agents of insect pests. Excellence of EPN as biocontrol agents is because
EPN 1J is active fo find host target, has wide host range, has high virulence that can kill host insect in
less than 48 hours.

in addition to EPN, bacteria of Phoforhabdus and Xenorhabdus, which symbiotically live with
EPN, are also very pathogenic to insect. Results of bioassay test by injection technique into insect
haemolymph using microsyringe indicate that with concentration of 40 cellffarva, both bacteria are able
to cause 80% mortality of T. mofifor {Samudra ef al, 2002). High pathogenicity of the bacteria is
because of secretion of certain foxins. Toxiciy of the toxin is also known to have wide host range. In
the next research program, gene coding for toxin known as polypeptide with molecular weight of
between 66 - 300 kDa, will become a target of cloning program for development of biopesticide and
transgenic plants.

Future Perspectives

Two genera of EPN, Helferorhabditis and Steinernema, are collected from some locations in Indonesia
and which are found in almost all places. This means that both EPN have been widely spread in
Indonesia. Some species of pest insects are very susceptible to EPN of Indonesia population, either in
the laboratory or in the field. With this potential, EPN and their symbiotic bacteria deserve more
attention, espacially in the frame of the conservation of below ground biodiversity program in Indonesia.
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WHAT IS THE ROLE OF BELOWGROUND BIODIVERSITY
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Introduction

in Indonesian economy, estate crops play a key role by confribuing significant amount of
export of non-gas-oil commodities and the foreign cumency income. Besides, most of the 5 million
hectares of the estate crops belong to small holders. High productivity of this commodity should be
supported by proper soil fertility. On the other hand, it is crucial to maintain soll fertiiity of astate crops in
Indonesia due to the frequently found nutrient deficient solls.

Use of fertilizers and pesticides that s a significant expendiure to overcome nutrient and pest
problems in estates is a commen practice nowadays. By economical considerations, there should be
efforts o reduce the use of those fartilizers and pesticides. Furthermore, taking into account the amount
of high quality raw materials for fedtilizers and increase in cost of the unrenewable energy sources and
to assist sustainable agriculture, the effort to minimize the use of inorganic fertiizers and pesticides
should be connected with development of energy saved agriculture by managing belowground
biodiversity. As important living agents in nature, soil microorganisms may positively or negatively affect
growth and production of estate crops.

Beneficial soil microorganisms as parts of belowground biodiversity are particularly important
for tropical estates in which the availability of nutrients for plants is commonly low. Therefore, there is a
need to enhance both the capacity of plants to explore nutrients sources and the availability of nutrlents
and to improve soil structure, to increase plant folerance to environmental stress and to soil borne
pathogens by managing the belowground biodiversity.

This paper aims to review Indonesian published reports of the management and functions of
some belowground microorganisms in the estate crops faming systems, involving coffee, cocoa, oll
palm, rubber, tea and sugarcane plantations in Indonesia. This review will discuss the role of
belowground organisms under each eslata crop ecosystem.

Belowgrotind Organisms

Beneficial and harmful plant-microbe interactions in the belowground are primary determinants
of plant health and soil fertility. Several groups of organisms are discussed in this review. Arbuscular
mycarthizal fungi (AMF), phosphorus solubilizing bacteria, Rhizobium, non-symbiotic N-fixing bacteria,
collembola and the biocontrol agent Trichoderma spp. are the beneficial organisms to be discussed,
while the harmful organisms are parasitic nematodes and pathogens such as Rigidoporus spp.,
Ganoderma spp.

AMF are the most important microbial symbionts for the majority of plants, parficularly under
conditions of P-imitation. They influence abaveground productivity in estate crop farming systems. The
mycorthizal symbiosis is a keystone to the productivity and diversity of natural plant ecosystems and it
is rare o find a situation where AM do not have a significant ecological presence. Rhizobium, P-
solubilizing bacteria and non-symbiotic N-fixing bacteria are the other microorganisms taking parts in
biogeochemical cycling of both inorganic and organic nutrients in the soil and in the maintenance of soil
quality.

Pratylenchus coffeae is a serious parasitic nematode both on arabica and robusta coffee,
while Ganoderma spp. and Rigidoporus spp. are the most economically important pathogen of oil paim
and rubber, respectively. The affected trees generally die and fall prematurely reducing stand
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population and the vield of plantation. In most cases the diseases are difficut to manage and the
infected plants usually show symptoms of infection only after a large portion of its base has been

destroyed by the pathogen.

- Cocos

Arbuscular mycorrhizal fungi

Ecology

A new species of Acaudospors, A, walkeri, was found associated with cocoa plants in Java and
Bak (Kramadibrata & Hedger, 1990). Meanwhile, from the rhizosphere of cocoa In West Java, A
delicata, A. walkeri, Blomus ¢of. cltricolum, G. fueglanum, G. rubfforme, G. globisforum, A. fovesta and
three other unidentified species of Glomus were found (Widiastuti & Kramadibrata, 1992).

Differard location and rhizosphere resulted in diversity in specles and population of AMF
(Widiastuti & Kramadibrata, 1982). In that study, it was found that In /mperata and maize rhizophere
population of AMF spores was higher than that of cocoa. Solf of research stte (Widlastuti &
Kramadibrata, 1992) was dominated by clay fraction which s sultable for devalopment of Glomus
spores, wheraas sandy soll is suitable for Gigaspora species. Baon ef al. (1988) found that cocoa roots
colonized by AMF did not affect aggregate stability of sandy soll reflected from dispersion ratio values.

Growth and nutrient

Colonization by AMF affacted growth of cocoa (Baon, 1994; 1996a-b; Lucla, 1984, Muslimin,
1694). Response of cocoa growth to AMF infection may reach more than 100% (Baon, 1884), Cocoa
infected with AMF, Gigaspora margerita, had higher content of follar P than nonmycorrhizal cocoa,
although thers was a variation among cocoa clones (Baon, 1985). On the other hand, uptake of less
moblle micronutrients, Cu and Zn, was also enhanced by AMF infection of cocoa (Baon, 1894),

Collambola

Agroecosystem of cocoa plantation, which also involves dry cocoa leaves as mulch, provides
a favorable condltion for development of natural enemies of cocoa pests. Collembola ls belleved to take
part in decomposition of organic matter. High population of collembola enhanced the population of
parasitoid of cocoa pests. Cocoa plantation with thicker layer of cocoa leaf mulkch terded o have high

poputation of collembola {Sullstyowati ef &, 2003). Application of pestickde end dry climate reduced the
population.

Coffes

Arbuscular mycorrhizal fungi

Population of AMF spores In two coffee cultivars was simbar, but decreased by appication of
P fertiltzer (Baon, 1995).

Without mycorrhizal Infaction growth of arabica coffes was stunted. AMF & m
effectively increased growth of coffeo seedlings (Wibawa & Baon, 1990; Baon, 1995; 1006s-b) and
plantiets (Winarsih & Baon, 1880). On the other hand, Hastuti {1898) found that the AMF Glgaspors
rosaa tended to reduce growth of robusta coffes.

Response of coffee o AMF infection varled according to coffee variety (Baon, 1998a-b) and
typs of AMF symbionts. Robusta coffee cv. BP 42 x BP 358 responded more significantly to AMF than
cv. BP 350 x BP 42, It was found that less efficlent coffee genotype is more responsive to AMF
infection (Baon, 1995). Hanapiah (1897) reported thet arablca coffee helght increased significantly
when infected by Gigaspora margarita, but not by Glomus manihotis, However, combination of the two
increased more significantly the growth of arabica coffes,
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Arbuscular mycorrhizel fungi and parasitic nematodes

Parasitic nematodes as part of belowground biodiversity are a difficult organism to controi
bacause they have a wide variation of hosts, high ability to survive in unfavorable condition. Some
works have been camied out to investigate the role of AMF associated with arabica coffee and robusta
coffee (Baon & Wiryadiputra, 1995; 2001} on thelir tolerance to the infostation of parasific nematodes.
Colonization of AMF Gigaspora margarita on robusta coffee resulted in similar growth and yleld potency
compared to nematicide. However, on arablca coffee the parameters were better in plants treated with
nematicide compared lo ones infected with G. margarifa. G. margarita reduced the population of
Pratylenchus coffeas but was not effective to Rolylenchulus reniformis, Robusta coffee was more
resistance to P. coffoae than arabica coffee (Baon & Wiryadiputra, 2001). Coffee plants colonized with
an AMF G. margarita were able to reduce the negative effect of the infestation of P. coffeae (Baon &
Wiryadiputra, 1995).

Shade trees, Rhizobium and AMF

A number of estate crops, such as coffee, need shade frees for their growth and production
which function in reducing light intensity, wind hazard and supplying organic matter, besides providing
good condition for belowground microorganisms, Colonization of shade trees by AM fungi increased
growth of Gliricidia maculata and particularly Moghania macrophylla but not Sesbanfa grandifiora
{Baon, & Wibawa, 1994). Highly infected shade frees may benefit the main crops by transferring the
infection points and nutrients due to the presence of hyphal network. There was a trend that growth of
shade frees was more significant when AMF and Rhizobium colonized roots of the plants. The density
of mycorhizal spores in S. grandiflora was lower than those observed in G. maculata and M
macrophylfa,

Oil Palm
Arbuscuiar mycorrhizal fungt

Ecology

Puspa & Suwandi (1990} found in ofl palm plantations in North Sumatera, six species of AM
fungi, three Glomus spp. and one each for Acaufospora sp., Gigaspora sp. and Scuteflospora sp. While
from thizosphere of oilpalm roots in West Java, it was found that AMF colonized only cortex tissue and
formed vesicles, arbuscules and coils. i is possible that more than one species of Glomus infected the
oil palm roots (Widiastuti & Kramadibrata, 1993). From the soil and root samples, 11 species were
identified, i.e. Acaulospora joveala, A. mellea, A. scrobiculafa, A. tuberculata, Glomus fuegianum, G.
globisporum, G. rubiforme, G. sianosum and three unidentified species of Glomus.

and nittrition

Growth and nutrient uptake of tissue culfure derived oil palm seedlings were improved by AMF
colontzation. Ot paim infected with Enfrophospora columbiana had fast growth (Widiastuti & Tahardi,
1993}, In other study by Schultz ef al, (1999), it was found that 10 of eleven AMF isolates increased
survival rates of ofl paim plantiets, except one isolate. Two species of Acaulospora were the most
suitable and effective to increase survival rates of oll paim plantiets. On the other hand, Heningfyas
{1997) found that five specles of AM fungi (3 Glomus spp., Glomus maniholls, Acaulospora sp. and
mixture of them} did not affect growth of ofl paim.

Ganoderma spp.

Basal stem rot caused by pathogenic fungus Ganoderma boninense is a vety important
disease of oil palm. Several genera of soil fungi, which are antagonistic to G. boninense, have been
isolated from soit of several ol palm plantations, and the very potential one was Trichodermma
harzianum {Abadi, 1987). High population of T. harzianum in soil could suppress growth and viabiiity of
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G. boninense (Purba et al., 1996). Inoculum potential of G. boninense was higher in root tissue than in
basal stem tissue.

Rubhber

Arbuscular mycorrhizal fungi

Colenization of rubber plant roots by AMF {G. fasciculatum and two isolates) increased growth
and phosphorus {P) uptake of the plants, and the effects varied depending on the species of the fungl
and growth environment (Istianto et af,, 1995). Synergistic effect was found when the rubber plants
were also fertifized with rock phosphate. [n other work it was found that Gigaspora margarita did not
influence growth of rubber plants (Susanto, 1994).

Rhizobium, AMF and cover crops

Legume cover crops are widely used in rubber plantations. Co-colonization between
Rhizobium and AMF Glomus fasciculatum in leguminous cover crops, Calopogonium caeruleum and
Pueraria phassoloides, could overcome the competition effect between the two cover crops in N and P
uptake and the rubber trees (Nasution & Istianto, 1995). infection of Rhizobium and AMF on cover
crops reduced non-productive period of rubber trees.

Pathogenic fungi

White root disease is the most important disease in rubber, which is caused by Rigidoporus
microporus. Two soll saphrophytic fungi, Trichoderma viride and Gliocladium sp., showed the capacity
to reduce the Infestation of R. microporus (Basuki & Sinulingga, 1996). As facultative parasite, R
microporus can live both on living and decaying root tissues. Sinulingga (1996) reported that
Trichoderma koningii was able to suppress fruit bodies and rhizomorph of R. fignosus, afthough in other
locations contrast resulis were obtained due to unfavorable environmental factors.

In different study, Purba ef al (1995} found that population of several soll microflora, ie.
bacteria, fungi and Fusarium varied in different soil. Dominant Fusanium species was F. oxysporum
which is non-pathogenic to oll palm. AY soils studied were receptive to pathogenic strains, bul they
varied in their receptiveness. There was still no clear refationship between the level of receptiveness
and microflora density to fusariosis.

Toa

Arbuscular mycorrhizal fungi

Total and available P in soil, and its uptake by tea plants were not affected by colonization by
Glomus fasciculatus (Salim ef al,, 1999),

Phosphate solublizing microorganisms

From rhizosphere of tea plants, Rachmiatli of al. {1995) found 12 distinct isolates of P-sofubitizing
bacteria, which had different capacity in solubiiizing less soluble phosphate. The selacted isolates were
further studied and the results showed that the presence of the P-solubilizing hacteria did not influence
sofl soluble P, fofiar P and leaf dry weight (Rachmiati & Salim, 1998),

Sugarcane

Arbuscular mycorrhizal fungi

Nuhamara (1980} found a specific kind of spores In rhizosphere of many sugarcans plants in
East Java. From an experiment conducted in an ultisol soif, it was found that sugarcane infacted with
AMF Glomus fasciculetus produced higher dry welght of sugarcane (Simoen & Windiharto, 1988).
Better growth of sugarcans was also found by Adinurani ef al. (1999} when sugarcane was colonized
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by AMF in two locations. Sugarcane yield, amount of crystal and the out-tum were also increased by
the mycorrhizal infection,

Non-symbiotic N-fixing bacteria

Presence of free-living N-fixing bacteria Is based on the fact that sugarcane can be grown for
maore than 30 years without N fertilizer application. Widaysti (1996) showed that N-fixing bacteria can
Ive in association with sugarcane cuttings and its distribution can reach until inner side of stailk as
indicated by the presence of nitrogenase activity in cane juice.

Ten isolates of N-fixing bacteria were positively identified as diazotrophic bacteria as
expressed by activity of acetylens reduction (Widayati, 1998}, From the selected isolates, five isolates
demonstrated the presence of phytohormon, although only two isolates from the five isolates were
derived from thizosphere.

Phosphate solubfiizing microorganisms

Isolates of Pseudomonas putida LP.112-1, LP. 312-1 and L27A4A1 were able to solubilize
less-soluble phosphates and therefore increased fertifizer efficiency 10-20% of sugarcane (Widayati &
Premono, 1999). This ability was related to the capacity of the microorganisms in producing organic
acids and phytoharmons.

Conclusions

This review has highlighted the practical sifuations where various microorganisms, both
beneficial and harmful, of belowground under plantafion crops have a significant impact in restoring or
maintaining plant health, aboveground productivity and soil fertility. They are not unusuat situations, but
are commonplace throughout Indonesian estate crop farming systems. Although they probably
represent the most significant above- and belowground relationship, the organisms discussed in this
review are just one facet of the complex belowground interactions that occur in the estate farming
ecosystems. It i vital that scienfists pay them due attention in any schemes to increase, restore or
manzage plant heatth and soil fertility.
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introduction

Dryland famming in East Java, especially in the upstream area of the Brantas River Watershed,
has not paid attentlon to conservation aspects, and distribution of marginal land is getting wider. Soil
Survey in 1988 found that some of the Brantas River Watershed is In the form of limed dry land with
shaflow soll solum, inclination 560 %, low soil fertilty and low soil productivity. Maize production is
less than 1 ton ha'!, whereas cassava is less than 10 ton ha’ {Utomo, 1989). Inorganic fertiizer is less
efficient because fertilizer can be sasily leached by rain. Low content of soil organic matter (< 2%) has
caused low soll buffering capacities. To support growth of maize and cassava, this marginal land
requires very high organic mater inputs, minimal 10 fon ha'' which is difficult to be fulfilled by farmers.

In addition, in some marginal lands, soil condition is so bad that the soil is unable fo produce
enough biomass to be returned to the soil. This difficulty in fact can be overcome by, for exampie
improving sources of organic matter although crop production is still less than opfimal. Another
problem is synchronization between release period of nutrition from organic matter and crop
requirement of nutrition. Organic matter originated from rest of Leguminosae only relsases nutrition of
about 20-45 % from its contents (Handayanto of &/, 1994). In one crop season, from that amount, only
about 30 % that can be used by crop (Handayanto ef &/, 1987). i nutrition supply is not in synchrony
with time, nufrition availability, and crop requirement of nutrition, then deficiency or excess of nutrition
will happen although total amount of supply is equal fo requirement (Handayanto, 1989). The
synchronization Is determined by the speed of decomposition and mineralization of organic matter,

N concentration, C/N ratio, lignin and polyphenol concentration are factors influencing
decomposition and mineralization of organic matter (Handayantlo et &/, 1997). Besides organic matter
quality, processing of organic malter can also influence the synchronization. Decomposition and
mineralization of organic matter placed as mulch on soil surface run slower than if it is dipped into soil.
Sustainability of the limed soll fertility through optimal development of local flora diversity is needed.

Results of previous studies indicate that 260 Ce-Cs local flora that have been adapted to local
conditions can be potentially exploited as permanent land cover vegetations (Arisoesilaningsih et al.,
2001} In addition, Leguminosae has been recognized to have abllity to improve N status and soil
biology. Some wild or domesticated species grow quickly than others, for example Dalbergia latifolia,
Sesbania sesban, Lantana camara, Tithonla diversifolia, Cajanus cajan, Phaseolus lunstus, P. vulgaris,
Mucuna spp., ete. Conversion of surlight energy in plant cells improves accumulation of organic matter
avallable to higher trophics. Actumulation of this organic C will increase various biological activities,
improve soll properties, and protect soll from by outside troubled influences such as erosion, leaching,
condensation, efc. Crops with high productivity, water efficiency, light efficiency, nutriive, and
energetic are expacted 10 become base of selection and model system of polyculture or mixed
cropping.

Based on the above-mentioned background, this research aims to determine productivity, .
water efficiency, light efficiency, C, N, P contents, and calorie of 14 Leguminosae species growing in
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fimy marginal lands of the Brantas River Watershed. Process and oulcome of this research will touch
poor farmers and society #7 sifu. Success of ecosystem and soil remediation is also expected to lessen
fertiizor and pesticide use, and avoid land exploitation and rural development that are not
environmentally friendly. This research is also expected to {1} contribute to scientific advancement and
environmental protection technology, {2) disciose roles of genetic diversity of plants adapted to limy dry
area, (3 preserve Indonesian flora for stability of acosystem productivity, and {4} obtain more efficient
soil conservation techniques so that the land can be more productive all year long.

Methods
Characterization of focal plants and effect of mulficropping maize

Leguminosae used in this research consisted of 14 species {Table 1). Eight of them are
familiar to and grown by local farmers, the other six species represent wild plants growing in
unattended lands or roadside,

Table 1. Diversity of Leguminosae used in this research

Group No. Lalin name Local name Life form
1. Cajanus cajan Gudhe entangle, annual
2. Canavalia gladiata Koro pedang herb, annual
3. Dolichus lablab Koro uceng creep, biannual
Crop 4.  Mucuns pruriens var, utilis Benguk creep, annual
5. Phaseolus lunatus Koro krupuk creep, biannual
6. Phaseolus vulgaris Koro ebek creep, annual
1. Psophocarpus letragonolobus Kecipir creep, annual
8. Vigna sinensis Kacang tunggak creep, annual
9. Cassia hirsita bush, perennial
10.  Cassia mimosoides herb, perennial
Wild 11. Centrosema pubescens herb, perennial
plant 12.  Crotalaria usaramognsis Orok-orok herb, annual
13.  Flemingia aspera bush, perennial
14.  Mimosa somian bush, perennial

Water efficiency experiment was conducted at the glass house, Department of Biology,
FMIPA, Brawilaya University. Crop was grown in poly bag containing soil of limy marginal tand mixed
with animal manure and NPK. Poly bags were sprinkied routinely so that the soil is in the field capacity
condition. Water consumption was measured gravimelrically once a week.  Stoma opening was
observed in the morning, at noon and in the evening near the harvest time (120 day after planting).
Micre climate {light intensily, temperature, and air relative humidity) and soil humidity were perceived
simultaneously with stomata measurament, At the harvest time, biomasses of root and shoot weighted.
Water efficiency was determined by comparing plant productivity with accumulation of water
consumption {Latcher, 1985).

Vegetation covering and polyculture system wete conducted with two plots: monoculture
malze and polyculture maize {mix of maize with Leguminosae} in a farmer's land in the Pagak Village,
Pagak Subdistrict, Malang. This experiment was also used to determine productivity and light
efficlency. Each species of Leguminosae was grown at random for six months between maize of local
varieties. Weed, natural enemy and pest were not disturbed with pesticides. Light efficiency was
determined by comparing productivity with means of light intensity received during growing season,
Effect of vegetation covering and root system were perceived through determination of microbial
community, soil fauna diversity and aerial arthropods, and sofl abiotic character (C, N, pH and soit
humidity).
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Dscomposition of more efficient organic matter as source of P fertifizer

Local flora investigated as P sources included Acacia vilosa, Ageralum conyzoides, A.
houstonianum, Gliricidia sepium, Lantana camara, Pennisetum purpureum, Tectona grandis, Tithonia
diversifolia and Zea mays. The local plants were packed into the Entisol soll that has been fertilized
with P and K. Decomposition rate and mineralized P were analyzed periodically. Simultaneously,
organic matter was mixed with sofl, and two weeks later maize was grown. P efficiency by maize was
measured according to the method explained by Pratikno &f al. (2002).

Decomposition of organic mafter fo produce synchronic N fartiizer

Quality of local flora biomass was examined by determining total contents of C, N, and P,
polyphenol and lignin. Local flora examined as N source were A villosa, M. somian, Cassia
mimosoides, C. pubsscens, F. congeste, M. pruriens var, utifis, P. lunatus and P. fetragonolobus. The
organic matter was sinked into the Entisol soil that has been fertilized with P and K. Two weeks after
the mixing, maize was culfivated. Scil N content and wide and high of maize leaf were measured
periodically. At the age of eight weeks, maize was harvested and content of absorbed N was analyzed.
Percentage of N recovery was determined according to the method explained by Sunaryo and
Handayanto {2002}. Similar experiment was also conducted in the field unt! maize was harvested,

Results and Discussion

Water efficiency

From the glasshouse experiments, it was known that plant growth experienced modification
due to glasshouse conditions (daytime temperature could reach 37 °C, light intensity was low) and
limited size of polybag. The Growth problem was seen at C. gladiata, D. fablab and M. pruriens utills,
while C, pubescens, C. hirsuta and F. aspera showed better growth than in field. Limitation of method
of water consumption determination enabled the green house data can be used as considerant.

Productivity of M. pruriens utilis, P. lunatus, C. gladiata and C. pubescens reached 12- 17 g
bit, while C. usaramoensis and F. aspera only reached 8-10 g b, Table 2 indicated that D. lablab
consumed most water, 7,9 kg bl, while P. lunatus and F. aspera consumed relatively small amount of
water (36 - 5,2 kg bl). In this research, M. pruriens utilis, C. gladiata, P. lunatus and F. aspera own
water efficiency of (2,3 - 2,4 g kg*), higher than D. fablab and C. usaramoensis (1,4 - 1,8 g kgt).

Thus, M. pruriens utilis and P. lunatus, which are planted by local farmers with high water
efficiency, can be exploited as green manure producer. Short-lived M. pruriens utilis can be planted
two times a year and is included into plants with rapid carbon gain (investment type) (Larcher, 1995).
Crop grows fast vegetatively to produce leaf biomass. P lunafus can be planted in two seasons
{blannual), This crop generally grows slowly and own conservative budget. In the field, . lunatus
keeps forming new leaves, flowening and producing nuts at the 2002 dry season. Besides drought
tolerance, P. unatus is also water officient. 1t is supposed that P, funatus Is equipped with certain
physiological and morphological adaptation. There is a possibifity that the crop develops deep root
system,

Table 2. Water consumption and water efficiency of some local flora used

Crop Water consumption (kg bt} Water efficiency (g kg H:0)
C. gladiata 55408 24406
M. pruriens utllis 69108 24+03
P. lunatus 52+08 24101
F. aspera 3604 23x03
C. pubsescens 67407 22041
C. usaramoensis 55108 18205

D. lablab 78+04 14+£01
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Organic matier productivity and light efficiency

Except C. usaramoensis, V. sinensis and C. gladiata, other crops aged 75 after planting were
defoliated (reduction half of existing leaf abundance). C. gladiata and C. usaramoensis were not
defoliated due to low leaf abundance. This was intended to give organic blomass for green manure at
the same season. Four Leguminosae tested exhibited good tolerance to defoliation {Figure 1),

This defoliation is beneficiary because besides green manure obtained, fruit production was
not troubled. Soil cover plants got more light intensity and grew better. In short range, it was ssen that
crop mukch experiencing defoliation was less. However, at harvest the (150 days after planting),
defoliation effect were not seen and the entirety growth tended to be equal. This indicates that crops
defoliated at the vegetative growth log phase, and when soil availability is not a constraint, recover
quickly.

Prod &0
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ty 40 ot dsloliated
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Figure 1. Organic matter productivity of local flora due to defoliation.
Note: C. usaramoensis and C. gladiata were not defofiated, lines at the bars show relative
deviation (a = 0.,05).

M. pruriens wtifis, D. lablab, P. lunatus, P. tefragonofobus and V. sinensis produced high total
productivity of organic matter (> 10 ton dry weight ha' yr'). M. pruriens utilis, P. lunatus and D. lablab
even yiekled organic matter of 20 - 40 ton dry weight ha' yr' or equivalent with 80 - 160 ton fresh
weight ha' yr!. As many as 50 % of the productivity can be consumed by farmers as vegetables or
fempe, then the organic matter is fransterred from the agroecosystem. According to Agus (2002),
hesides loss through erosion, soil nutrients can be disappeared o unavailable for crops because of
harvesting, fixation, feaching or N volatiization. But, considering that organic matter required by local
farmers reaches at ieast 10 fon fresh weight ha! yr', M. prurfens witilis, P. lunatus and D. lablab provide
anough organic matter, either through mulich or crop residue at harvest time, To support healthy and
sustainable agroecosystem, these Leguminosae can be planted as fence crops or mixing crops to
increase plant diversity, while their coverage is good to protect soil, prevent erosion, and improve soil
structure (Agus, 2002) and soil biota habitat (Sari ef al,, 2002 and Siswanto ef al,, 2002). in addition,
diversity at producer lavel will be followed by improvement of diversity of herbivore taxa (pest or non-
pest) and also predator/parasitold of natural enemies {Arisoesilaningsth et gl 2002).

M. pruriens wills, P. lunatus and D. lablab display high light efficiency (Figure 2). All of these
plantsare heliophyte, require full sunlight. Light efficiency depicts fast convert of sun energy. This is in
accordance with tendency that herb photosystems are more efficient in converting sun energy than
trees (Larcher, 1995) such as existing plants in the Pagak Village, “petai® (Parkia speciosa) and
“sengon’” (Paraserianthes faicataria).
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Potency of organic malter as green manure: Energefic and nulritive

Some of the ohserved crops perceived high calories (energetic) o that if the crops also own
high productivity, they will provide more energy lo agroecosystem {especially for microbes, soil fauna,
hesbivores). P. fetragonolobus, M. pruriens utilis and Flemingia aspera represent energetic species
. (Handayanto ef al, 2002). Remnants containing fipid and protein tend to keep higher energy than
those conteining carbohydrate (Larcher, 1995). Grasses growing in The Brantas River Watershed
contain less energy than Dicotyledonae crops (Arisoesitaningsih ef al., 2001},
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Figure 2. Light efficiency of local flora.
Note: Lines af the bars show relative deviation {a = 0,05).

Soil energy concept explains that soil is a unique medium in geo-biosphere, soil obtains
energy from geosphere and sunlight. Meanwhile, entire existing systems In blosphere get energy from
sunfight (Blum, 1998). To support soil conservation program, soil degradation occurring naturally
through pedogenesis or a3 a result of carbon stock decrease has o be slowed down by giving energy
input continuously. Sun energy can protect soll from damages through soll organic matter
accumislation (humus) and biological activities following the accumulation. Organic matter will protect
soil particles from external force (for example rain and wind) through formation of stable soll aggregates
{Blum, 1998). Regrettably that not all of soil surface Is covered by vegetation or contains adequate
organic matter. Water limitation in dryland causes smaller soil organic matter accumulation; thus, soil
degradation due to water erosion happens very easfly.

Regardless of lignin and polyphenol contents, except C. gladiata and D. fabiab, all crops viekl
high quality organic matter because they contain enough C and N so that C/N ratio is smaller than 20.
Remnants of some Leguminosae can experience fast or slow decomposition processes depending on
their quality. High quality organic matter is shown by high N content and low content of polyphenol and
lignin. Peltophorum dasyrrachis is grouped into low quafilty organic matter, while “gamal” (Ghincidia
seplum) s of high quality (Handayanto ef al., 1997).

Some Leguminosae crops contain low P, so that C/P rafio exceeds 200. Only some crops, for
example C. cajan, P. lunatus and P. vulgaris, accumulate P in concentration of 0,19 - 0,28 % and C/P
ratio ranges between 131 - 182, Even wild plants fike bush “paltan” TRhonia diversifolia and herb
*wedusan” (Ageratum conyzoides) contain 0.5 % of P required for fertility of marginal land (Pratikno ef
al, 2002). These resulls also indicate that A. conyzoides is able to provide P for crop growth at the
eight week as many as four times of 7. diversifolia. Meanwhile, Caims ef &/, (1998) observed that 7.
divarsifolia in Mindanao, the Philippines, accumulates lower P {0,23 % P).

Monitoring soil biota as affacted by multicropping maize

The effect of cover vegetation and root system on soll biological, physical and chemical
propariies has been investigated periodically. Local crop diversty in farm can improve microbial
(Siswanto sf al, 2002) and soll fauna {Sari ef al.,, 2002) communities, either as soil decompasers, soil
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engineers, or soll transformers. The higher agroecosystem biodiversity is, the more stable food web
will be, and the system will also be more tolerance to injuries (weed, pest, disease, harvest failure,
efc.). This represents one important characteristic of the sustainable agriculture system.

Decomposifion of organic matter of synchronic N or P fertilizer sources

Synchrenization between decomposition of legume remnants and nutrient availability for crop
growth is also needed. Remnants of local flora at the fimy sofl of The Brantas River Watershed, South
Malang, culfivated with maize, give significant effects on improving soil mineral N availability.
improvement of soil mineral N is followed by improverment of N absorption by maize. The sequence of
maize N absorption is treatment Pl> Urea> Mp> Pt > Cp > Fa> Ms> Av > Cm (Sunaryo and
Handayanto, 2002).

Pratikno ef al. {2002) indicate that local flora, especially A. conyzoides, can become source of
P fertilizer, as also T. divarsifolia. Efficiency of P composition and P avallability at the eight week in A.
conyzoides is higher (41,44 mg kg sdl} than in 7. diversifolia (35,03 mg kg'' soil).

Based on the above-mentioned description, it is very clear that each crop has its own limitation
and excelience. It will be wiser i crops used can be diverse, providing more choices for crop rotation.
However, more research on i7 situ exploitation of the crops in multicropping maize is stil needed. By
accelerating autotrophic succession, the multicropping organic agriculture system is expected to
become a healthy and sustainable agroecosystem.

Conclusion

The conclusion of this research were. (1} Local flora investigated have varied growth pattern,
productivity, water and fight efficiencies, nufritive and energetic patterns, depending on species
characters; (2) M. pruriens utiis, D. iablab, F. lungtus, P. tetragonolobus and V. sinensis are drought
tolerance and produce high productivity because thay posses high light efficiency and high defoliation
tolerance; (3) Local crops tolerant fo drought at long dry seasons are equipped with deep root
architecture, so they remain producing flower and fruit; (4) C gladiafa, P. lunafus and M. pruniens (il
and wild Leguminosae observed have walter efficiency of 2,2 - 3,3 g kgt water; (5} Soil covering by
diversity of local crops, besides reducing rainwater erosivity, produces crop residues that have potency
to function as green manure, improve soil buffering capacities, and increase above- and belowground
fauna diversily; (6) Somme of cuitivated or wild local flora can be axploited as sources of N or P fertilizers
that are synchronic with maize requirement.
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Introduction

Indonesia has a large biclogical diversity, which is then amplified with the geclogical diversity,
It consists of various organisms from various sources with different habitat. This large diversity is still
waiting to be explored, developed, and utilized in order to enrich humanity. Agriculiure may take
advantage of this large biodiversity. Biochemical processes happening in soll is facifitated by the
existonce of microbes In the sofl. Utifization of soll microbes to improve the process of nutrient
transformation, nutrient uptake, toxic substance degradation, and pest antagonism may result in the
improvemant of crop growth as well as crop productivity,

Exploration of Soll Microbes

Utilization of soil microbes for agricultural purposes are preceded with the exploration of
biolgical processes occurring in soil that may affect crop productivity. Microbes, which facifitate the
biochemical processes, should then be isolated. Selection strategy plays an important role at this stage.
Ecological and physiological characteristics of the functioning microbes shouid be understood in order
to construct a working selection strategy.

Understanding the specificity of macro- and microsymbionts in the process of nitrogen fixation,
researchers in our laboratory are utilizing soybean to isolate Rhizobium japonicum, the microsymbiont
in the nitrogen fixation process of soybean nodules {Jutono, 1984; Aristyaningsih, 1994). Using malze
as the macrosymbiont, we have obtained several isolates of vesicular arbuscular mycorrhizaf fungi that
belong to the genus of Glomus (Kabirun and Baon, 1982 and Haryunl, 2002).

Selective media could also be used to isolate specific microbes. Several isolates of
Azotobacter gp., 3 non-symbictic nitrogen-fixing bacterium, have been isolated using nitrogen free
medium (Scesanto and Wedhastri, 1983). Using Pikavskays media containing insoluble phosphate as
thelr sole phosphorus source, Widada ef &/, {1995) and Kaimanto {1997) isolated several phosphate
solubifizing bacteria from vertisol, oxisol and ultisol, soils having problem with phosphorus availability.
The bacteria belong to the genus of Pseudomonas. Prijambada ef al. {in preparation} have Isolated
Acingtobacter sp. from peat soil of Rawa Pening, Central Java, by the same method. Rhizobacteria
having an ability to produce plant growth promoting substances have been isolated using medium that
has a high osmotic pressure (Ngadiman ef af, 2000).

Isofation of microbes may be faciltated by special environmental conditions that work as a
natural selection pressure. Several isolates of fungi having capability to oxidize elemental sulfur, which
beiong to the species of Aspergillus japonicum, A. flavus and Peniciflium naldogenes, have been
isolated from soil near the crater of Mt Dieng in Central Java (Sumarsth, 2001). An isolate of
Streptomyces violaceusniger, which has a capability fo antagonize the growth of Strepfomyces
scabiss, was isolated from potato fuber periderm {Ngadiman ef &/, 1993). Several isolates of
Streptomyces, which have capabilities to hydrolyze chitin, were isofated from a condiment made from
fermented shrimp (Khadarwati, 2001).

Foliowing the postulate of Robert Koch, the obtained isolates should be re-examined for their
ablity to perform sofl bicchemical processes and compared o thek alternative processes. Jutono
{1969a), Hartini (1987) and Suryanti (1995} show the role of Rhizobium sp. in supporting the growth of
leguminous crops. Sulistiyanto (1998) examined the role of vesicular-arbuscular mycorhiza in the
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nutrient uptake and growth of maize. Kabirun and Widada (1995) aiso examined the role of vesicular-
arbuscular mycorrhiza in the growth of soybean. Astutf (1998) shows the role of phosphate solubilizing
bacteria in the absorption of phosphorus as well as the growth of maize in vertisol and ultisol, while
Widada et &, (2002) show the role of double inoculation between phosphate solubilizing bacteria and
- arbuscular mycorrhiza in the growth of sorghum. Ngadiman ef al. {1993} shows the rofe of the isolated
Straptomyces viclacausniger in preventing potato scab caused by Streptomyces scabies. indarti ef af.
{2001) show the work of the isolated chitin degrading Strepfomyces in suppressing the affiiction of
Pratylanchus coffeae in coffee.

Our study on the mechanism of phosphate solubilization revealed that the ability of microbes
fo solubilize calcium phosphate is related to their ability to produce gluconic acid, while the ahility to
solubilize aluminum and iron phosphate is related to the ability to produce citric acid (Prijambada of af,
in preparation). Based on those results we isolated several fungi, which belong to the genus of
Aspergilius and Peniciliium and have an ability to produce and secrete cifric acid.

Preparation of Microbial Inoculants

To bring the benefit of biochemical processes faciltated by the isolated microbes into field,
microbial inoculants should be prepared. For a microbial inoculant to be commercially successhul, it
must be economically mass-produced and then formulated into a form that is cost-effective and readily
applicable by the end user. Mass production of microbes can be done by submerged cultivation or sofid
state cultivation (Walter and Paau, 1993),

In a submerged cultivation, a monoculture of a2 microorganism is aseplically inoculated into a
sterile medium containing nutrients (Walter and Paau, 1983). The medium is agitated fo provide
homogenous environment, and O; or alr is often sparged into the medium fo supply O: to aerobic
organism. A batch-submerged cultivation possaesses a problem of inefficient carbon consumption and a
long lag phase. Jutono {1969) innovated a biphasic system, which is formerly used for antibiotic
production, to obtain a high amount of biomass. As biomass productions with big fermentor often face a
risk of contamination, biphasic cultivation in a large number of small flasks rather than big fermentor is
then used in our laboratory to produce Rhizobium biomass, Wedhastri (2001) found that mannito! is
essential for growing Azofobacter chroococcum.

Solid-state cuitivation Is the growth of organisms on a solid substrate in the absence of any
frag water (Walter and Paau, 1993). The solid-state cultivation has the advantage of low medium cost
and low capital investment. For biomass production of his Streptomyces viclaceusniger, Ngadiman ef
&l {1993) used solid-state cultivation. Hartono (2003) and Sastro (2001) also used the same method to
produce chitin degrading Actinomycetes and spores of rock phosphate solubilizing A niger,
respectively, In order to minimize their production cost, economically acceptahle-yet easily available
materials are used for cultivation media. Ngadiman et 2.{1893) used a mixture of wheat brand, swine
manure, and Ca{OH); as cultivation media, Sastro (2001) used a mixture of rice brand, starch and
{apioca waste, while Hartono {2003) used a mixture of rice brand, starch and poultry manure for that
purpose.

Practicality of the biomass to ba used as inoculants is dependent on their formulation. Viabiiity
of the microbes in the inoculants Is also dependent on the formulation. Vincent {1970} stated that
viability of microbes in fiquid microblal inoctdants is very low. For that reason, we decided to formulate
our microbial inoculants In a solid form. Using a mixture of peat and clay as a camier in the inoculants,
Jutono (1969b) show that after 9 months storage, the number of viable Rhizobium in the Inoculants stif
reaches 5.7 x 106 when stored at 4°C. However, the number could drop to only 3.2 x 10° when stored at
30°C. A mixture of peat and zeolit was also found to support the shelf life of Azotobacter chroococcum
{(Wedhastri, 2002). Sastro (2001) shows a high viability of Aspergillus niger spores that are mixed with
rock phosphate.
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Examination of inoculant Effectiveness

The success of soit blochemical process improvement, which is facllitated by microbes in the
inoculants, should be examined in the soil microcosm as well as in the field. Primarily, i is dependent
on the abiity of the microbes to survive their environment selection. Jutono (1969a) examined the
effectiveness of Rhizobium inoculants in supporting the growth of soybean in Tropopsament. I
increases nodulation, number of seed per 100 plants, dry weight of sead per 100 plants, alf by 50%. We
are now working on the ability of phosphate solubilizing A. niger to colonize rhizosphere and support
the growth of maize grown in solls with problem in phosphorus availability. We are also working on the
same subject for chitin degrading Actinomyceles.

Conclusion

Laboratory of Soil and Environmental Microbiology, Faculty of Agriculture, Gadjah Mada
University has been working extensively in the exploration, development, and utilization of soil microbes
for agriculture. We are fully aware that direct selection of sofl microbes in selective media could
decrease the diversity of microbes that undergo selection. Widada (in preparation) found that direct
selection on agar plate coukl reduce the variety of microbes that are isolated. in-situ and ex-sity
enrichment using selective nutrition could increass the diversity of microbes that are going to be
selected.
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Poverty, associated with increasing pressure on the land in the hurnid tropics, is a major driver of
global change, leading to accelerated habitat modification and fragmentation of remaining pristine areas.
Although it is not apparent to the naked eye, soil is one of the most complex habitats on earth and
containg one of the most diverse assemblages of living organisms, Ag part of a move to make up for the
neglect of this aspect of biodiversity in much of the cument discussion and policy frameworks for
biodiversity, the CSM-BGBD project has been initiated to assess impacts of land use change on
belowground biodiversity. The project aims lo clarify the function of soil biota along gradients of
agriculfural intensification around global biosphere forest reserves in Brazil, Cote d'lvoire, India,
Indonesia, Kenya, Mexico, Uganda. Our work will include i} making a comprahensive inventory of soll
biota and i) developing a strong theoretical framework linking the documented belowground biodiversity
to demonstrated scil functions. In this overview of the how the globatl project connects to the specific
efforts in Indonesia, we will consider (on the basis of the various international workshops and
consultations):

- The conceptual framework,

- The global sampling design,

- An operational definition of ‘intensification’ at plot and landscape scale,

- The sampling scheme for Indonesia,

- From data on soil bicta fo ‘sustainable management’ of belowground biodiversity,
- Organizational matters.

The Conceptual Framework

Few people will doubt that the biodiversity value of any piece of land will decrease with
increasing intensity of agricultural management, aimed at harvesting crops that may or may not be pat of
the original flora of the area, but have undergone ‘domestication’ that makes them less compatible with
other parts of the local ecosystem (which become labeled as ‘pest and diseases’). The shape of the
‘trade-off curve belween biodiversity value and land use intensity is, however, less certain. Yet, this
shaps has major implications on how socieies can best achisve a balance between biodiversity

conservation and production of food, feed and fiber. *:.:“\“' = o Liypotbeis 3

g ~ ~
Three hypotheses Indicated in Figure 1 are: EIN P

g T
Hypothasls 1: ‘The most valuable components of the local | s
flora and fauna ars likely to ba sensitive fo and incompatible & e _'::‘ Y
with agricultural use, and will thus tend o disappear (or be 3 - ——al
eradicated) in early phases of land use intensification; once =

this part of the biodivershty Is lost further intensification wil
be of little consequence for on-site loss of biodiverstty, but
mey actually help in as far as higher yiekis per umif area Figure 1. Three hypothesas on the way

. o, ‘biodiversity value’ will tend fo decrease wifh
decrease land hunger’ for further agricultural expansion increasing land use intensity” for further

dizcussion see laxt.

Land use Intensity
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Hypothesis 2. ‘Loss of bindiversity value is approximately proportional to the increase in land use
infensity’

Hypothesis 3: ‘by appropriate management of above- and below-ground biots, optimal conservation of
. biodiversity for national and global benefits can be achieved in moseics of land-uses at differing
intensities of management and furthermore resuft in simultaneous gains in sustainable agricuftural

production’

The CSM-BGBD project wants to test this third,
‘optimistic’ hypothesis. Yet, empirical evidence is
thin on the ground, so outcomes closer fo
hypothesls 2 or even 1 would not be unexpected.
Evidence for plant species richness obtained
during the surveys of the Allernatives to Stash
and Burn {ASB) project in Jambi (Figure 2)
indicate an outcome that may be close to
hypothesis 2, although in more fimited paris of
the range both the convex curve of hypothesis 1
and the concave curve of hypothesis 3 can be
recognized (if one wants...).

if we compare such data with the hypotheses,
however, we can see a number of important
challenges to empirical work, referring to the X
and the Y-axes of the graph:

Number of plant of species

mm_*M}
2 8 B

{ins arom of

3 3

Entengive
Agriculture

Extraction Agroforestry i?:::llf?n

intensity of Human Activity

Figure 2. Plant species richness across a land use intensity

gradient in Jambi {Murdiyarso ef al., 2002; Van
Schaik and Van Noordwijk, 2002).

a) The hypotheses {and Figure 1} speak of blodiversity ‘value', while the survey data are primarily

expressed in numbers of

species observed; there ars many steps to ba taken between the

primary observations by soll blologists and the ‘valug’ that different stakeholders in society

assignto it,

The concept of ‘agricultural intensification’ is used loosely in & ranking of different agricultural

systems, but the shape of the curves {convex or concave) can change according to the way

‘land use infensity’ is defined quantitatively.

In the CSM-BGBD project, we aim to address both of these chalienges, by going beyond the
‘survey’ stage into an exploration of the functionat value of soil biota for farmers and external

stakeholders, and by using an operational version of the

The data in Figure 2 refer to plant species
rich-ness in plots of standard size. Plants live both
above and belowground, so plant species rich-ness
can be a first indicator of both parts of the ecosystem.
However, aboveground parts of plants provide both
the structure and primary production of food sources
for all other parts of the ecosystem, and may thus be
used as first indicator. Belowground, however, plant
roots are only one of the contributing elements to the
structurs of the ecosystem, and provide only part of
the energy basis for the food web. It is likely that
changes in above- and belowground biodiversity can
at least be partially uncoupled (Figure 3}. Again, there
is fittle consistent data on this topic, so the data
collection of the CSM-BGBD project may become a
benchmark in the discussion on the topic (Bignell ef
al., in press; Gillison of af, in press). f the relation is

‘Ianglsp intensity’ concept.

i Natural forest
=

-

.8

/;m

o

g

> loss
é el‘)‘;;adasien

0 BelowGround Biol)iversity‘

Figura 3. The dynamics of above- and
belowground biodiversity may be partiaily )
uricouplad, as aboveground losses can ba more
rapid, but may also be more sasy reversible
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as depicted in Figure 3, we may tentatively conclude that hypothesis 3 hoids for BGBD even in
situations where aboveground blodiversity changes according to hypothesis 2,

The starting point for the BGBD project will thus be to establish, 2t the plot and landscape level,
the connections betwean aboveground and belowground biodiversities and between either of these and

land use infensity.
Koy questions in the RGBB project
pacts on

Land use
type \ Plant cover, litter input, 1NN > Belowground
soil ‘disturbance’ biodiversity

) il - ... e . 3 l
Specific : ! Effects on funct:ans P
y i |
§andt§sse . tePest & disease P
practices I { *Soil structure, soil & | I
{ water movement . I
! i »C balance and nutrient | i
Vields ! ioyeling I
@ V@ s )
e M
On site costs & benefits Off site costs & benefits

Figure 4. Diagram of the four main questions for the CSM-BGBD project.

As summarized in Fig 4, we will analyze the relationship between (and use practices and belowground
biodiversity in a number of steps or questions:
a) How do land use change and specific management practices within broad land-use categories
impact on soil biota?
b} How do the various soll biota function in belowground food webs in different ecosystems?
c) 3a. What are the key functional roles of soil biota in agro ecosystems? And, which groups play
these roles?
d} 3b. How can farmers, as managers of agro-ecosystems, work through {(or with), rather than
against soft biota?
8) 4. How do the presence of specific soil biota, and the diversity of the belowground ecosystem as
such, contribute to the overalf cost - benefit balancs at the farm, landscape and global levels?

A first analysis of the food web structure for the data coliected during the ASB surveys, suggests
that the occurrence of the ‘top predator’ group among the soil invertebrate fauna is clossly linked to the
total flow of organic inputs (from fitter fall, root tumover and remnants of previous vegetation} in these
sysfems. This may suggest a ‘hypothesis 2' type relationship, but data for Jambi and Lampung show
some differences that need to be further explored.
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Figure 5. Key groups of soll biota that can be ranked into a food web or ecological pyramid; data for the ASE surveys

suggest a general relationship between lolal organic inputs and the blomass of spiders pius cenlipedes plus anis
based on (Hairiah of al.,, 2001, Susilo of &f,, in press). -

Organic inputs

The Global Sampling Design

The research design for the global survey of belowground biodiversity in relation to intensification of land
use is based on a number of layers:

- Countries representing the full spactrum of population densities and land use intensities within the {sub)
humid fropics,

- Benchmarks within thoss countries that add to the spectrum at country level,

- Windows or landscapes that are selected to represent the full spectrum of land use intensities within the
benchmark,

- Points representing the full spectrum of land use intensities within the window.

While the seven countries that participate in the CSM-BGBD project cannot fully rapresent the full

spectrum of situations within the three tropical continents, they do represant the full spectrum of nationat-

scale population densities in what are recognized as global ‘hot spots’ of blodiversity.
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Figure 6. Global hot spots of biodiversity and the national-scale human population densities (quoted in
Williams of al,, 2001).

In each of these 7 countries we expect to sample in four types of land use (forest, tree-crop
production systems, annual-food crop systems and pasture), with a range of intensities in the three first
groups, making 7 land use fypes in each country. Of course, the specific practices and crops in these
systems will differ befween countries and benchmarks, but if we want to test hypotheses at the level of
‘land use intensity’ we should not shy away from including jungle rubber and multistrata coffee into the
‘extensive tree crop’ class, and ‘monoculture plantation rubber and sun coffee in the intensive class.

intensification >
#“at“f':%t
gortgoet” grof
India
Indonesia [l I
Kenya |JJij
‘[{ Uganda [}
Cote dIvoire]ji]
_[ Mexico [}
Brasii

Figure 7. Global sample design, aiming for representative of 7 land use classes in each of 7 countries, to
test both hypotheses on "within land use class’ intensification, and those that compare across the full
spectrum.
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The basic research design, and the levels of data that need to be represented in the global
database, is summarized in Figure 8.

Terilary asysessment
Country ] Couwntry level 2, c RS & AgSeat i

Window level lw, I
RS, farmer & A

Benchmark

Aboveground

biadiversity,
Carbon stock Sam P'e time

J/ I
l Soil profile dnta an# @.D \,, Individual soil
. basic propertin , ut gnﬁex mon Gnth or

--—-=sampe

Soil molsture, G RG fluxes &
other dynumiz properties
- /

[ Soil biots _J

Puint fevel I j
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Figure 8. Overall research design, with a focus on data analysis at the 'sample point' and ‘landscape’
level, where underlying data on soil biota are compiled info a BGBD-index that can be compared with a
land use infensity index

An Operational Definition Of ‘Intensification‘ At Plot And Landscape Scale

The central CSM-BGBD hypothesis refers to ‘intensification’ of agriculture. Other ‘Integrated
Natural Resource Management' ressarch Is equally Interested in the balance between productive and
environmental functions In agriculturafly used fandscapes. To test such hypotheses we need to be clear
on how to measure ‘intensity’ of land use systems. While in most case studias the term Intensification is
used in a relative sense, referring to specific practices, a more generic concept is usually implied.

In agricultural economics, the term ‘intensity’ is used for 'total production factor input’ per unit of
iand, with monetary equivalents for factors such as labour, fertilizer, pesticides, growth regulators and
agricultural machinery. From the perspective of the use of a limited amount of financial resources,
‘intensification’ is juxtaposed to ‘extensification’ (as acquiring additional land competes with the capital
needs for obtaining inputs), but at the scale of a larger scale strategy both may be needed to meet the
expected future demand. Ideally, economic valuation of the various inputs used should take into account
the environmental costs assoclated with them, but currently such costs often remain external to the price-
forming mechanisms and considerations. For discussions of ‘integrated nafural resource management’
consequences of intensification we may thus need other ‘currencies’ to estimate the combined and
interactive effect of various meastres to increase agricultural production.

A first attempt at a generic land use intensity Index was formulated by Giller sf al, (1987),
combining the Ruthenberg (1880} cropping Index, with terms for the use of fertlfizer, pesticides, irigation
and mechanization. The index, however, needs to be further operationalized, and may have fo include
other dimensions of Intensification. Qur 'Infensification’ concapt has to cover the full range from very
extensive ‘shifting cultivation’ systems to intensive horliculture, where the chemical, physical as well as
biological properties of the rooting medium are under corplete technical control. It has to respond to
increases in the fraction of time land is used for crop production, the fraction of total blomass harvested,
the amounts of fertilizer, imigation and pesticides used, as well as the amount of fossil energy used in soil .
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tilage and mechanized farm operations (including harvest}. The resulting index should preferably be
dimensionless, so we have to choose appropriate ‘scaling factors’ for all the elements of the squation,

A first step in developing the index is to recognize five parts of an agriculturally used landscape:.
Rot+ Roes = 1 {1a)
where
R = fraction of the area used for rotational systems,

Ree: = fraction of the area used for permanent systems, with no ‘open field’ stage

Raot = Rezop + Riaiow (1b}

Renp = fraction of the total area used for annual or tree crops as part of a rotational system,

Ruow = fraction of the total area left as fallow part of a rotational system, with some potentiat use for
grazing and production of firewood and NTFP's,

Rper = Rpgs + Rior + R {16)

Rpes = fraction of the area used for permanent pasture or grazing land

Rir = fraction of the total area used for permanent forest’ or 'tree based’ systems (with internal
regeneration but no ‘open field” phases) (please note that classical plantation forestry belongs to the
‘rotational’ category, while selective logging or agroforests with forms of ‘sisipan’ rejuvenation belong
hera),

Rei = fraction of the total area left for ‘refugia and fiters’ (Eaadscape slements that consist fargely of
‘border’ and for which ‘area’ is not a straightforward concept).

intensification can be based on a raduction of the Ry and Rus. fractions of the land use, as
well as an increase of intensity within the R, or Ryes fractions. We here assume that the ‘refugia and
filter’ fractions have no or negligible direct production functions (othenﬂise this land is supposed to belong
1o one of the two other fractions).

In the shifting cultivation -> long fallow -> short fallow -> permanent cropping range, we can
make use of Ruthenberg's cropping index or index of land use intensity, In a "steady state’ form we can
equate the time fractions fo area fractions. The Ruthenbery index then reads Tewp / {Tenp + Tramw), Where
Temp 15 the length of time {or the fraction of area) cropped, and Twew 15 the fength of time {or the fraction of
area) under a fallow of zero use intensity, Where the fallow vegetation is also used for harvestable
products (e.g. through grazing or production of firewood), we may want to include it in our intensity
concept on the basis of the ‘harvast index’, the fraction of total biomass harvested {sither as consumable
product, as crop residues used for fodder, or removed through the use of firg). This same 'off take index’
{a term broader than the ‘harvast Index’ as used in agronomic studies) may well be used in the ‘cropping
phase’ to distinguish between situations where only grain {or-tuber) is harvested and those where all crop
residues are removed from the field as fodder. For the cropping phase we include fertiiization (relative to
nutrient removal at crop harvest), irrigation (relative to total water use by the crop), soil tilage and
mechanization (based on the fossil energy used per ha refative to the energy conient of the crop
harvested) and the use of pesticides (based on ‘active ingredients’ and thelr hall-life time). These
intensity factors can apply both fo an ‘annual crop dominated” and a ‘tree dominated’ of fallow stage of a
cyclicat production system.

Combining these elements, we get the following equation for a 'land use intensity’ index {lu):
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Table 1. Parameters of the Index of land use intensity, and their representation at landscape scale

Aspects of land use intshsification that may impact on Factor in
belowground biodiversity T&Hevel ‘Macro’ indicators
intensity
index’
Increasing time:fraction of annual food crops, leading o Remote sensing, agricultural
increase of ‘open time’ and reduced organic input T production statistics
Reduction in landscape fragtion of fiters and refugia R Remote sensing
Yearly number of crops and concamitant increase in -
weeding intensity — reducing fitter input to the soil, and Y
increasing ‘open time’ of the soil at early stages of any new
crop G
Reducing diversity of annual crops M. Market, agricuttural
ot b At . production statistics
Replacing mixed Woody fallow by planted tree monocutture M, Remote sensing, agricultural
: o . production statistics
Increasing harvest fraction of abovéground biomass 1+ N Animal production statistics,
o , type of fuel used
Increasing buin fraction of aboveground biomass O Smoke/haze production
Inorganic fertilizer F Tréade statistics for fertilizer
N RS z;;}
P
Lime - . '
Inundation/irigation {e.g. paddy rice) l Remote sensing, Agricultural
. stafistics
Pesticide use o P Trade statistics for pesticides
Fungicides
Insecticides
Herbicides
Other .
Trampling and soil compaction by o L -
Peopie ’
Animals
Tractors ‘
Soil tillage " E Agricultural statistics
Manual
Animal fraction
Tractors
Introduction and spread of invasive exotics 8

Lack of understanding of role of sofl biota

Knowledge-survey
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A more specific equation can be:
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Whera the subscripts ¢ and f refer to a crop (annual crops) end fallow {or persnnial crops) phase of the

land use system, and

t. and & = langth of cropping or fallow period in a typleal rotation [year),

Yo = yearly numbar of cropping seasons,

M. and M: = number of crops planted per cropping season in the same fleid or number of trees planted,

B, and B; = {final) total blomass of & crop or fallow vagetation {Mg ha'],

By = (cumulatively) harvested pait of the biomass of a crop or fallow vegetstion  [Mg ha'},

B = blomass burnt [Mg har'],

Nuwrizes = the amount of plant nutrents (N + £ + K) added to the fleld as axternal fertiizer (in Inorganic or
organic form, the key is that it is derived from outside of the ‘systeny under consideration) (kg he'),

ne = typical nutrlent {N + P + K} concentration [kg Mg},

Wirgaise = 8Bmount of water provided by irrigation during one cropping year [mim),

w = water use efficlency of the crop, or biomass production per unit of water transpired Tkg /1) {the factor
10 Is required to make the term dimensioniess),

Eumes = Sum of fossll snergy used for all sofl tiffage and mechanized harvest operations [MJ he'],

@ = typical energy content of crop blomass [MJ Mg],

Pused = total amount of active Ingredient of pesticides usad [kg ha'],

Ty = hatl-iife time of the active ingredient [year],

p = a blologlcal impact rating of the various active Ingredients fkg year ha'],

Rt = landscaps fraction left for refugia and fillers [j,

r = power of the refugla factor [,

§ = multiplier for the (Ireversible) spread of invasive axotics,
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Some examples for increasing intensity within the Ry, domain are:

System fu Total yield b
Mgha-ty1  yr yr
Shifting Cultivation - no inputs, no harvest from fallow 0.03 013 2 30
Shifting Cuttivation - no inputs, some harvest from fallow .03 0.31 2 30
Shifting Cultivation - no inputs, fallow products harvested 0.03 1.06 2 3
Long Fallow - no inputs, no harvest from falow 0.07 0.33 2 10
Long Fallow - no inputs, some harvest from fallow 0.07 0.50 2 10
Long Fallow - no inputs, fallow products harvested 0.08 1.47 2 10
Short Fallow - no Inputs, no harvest from faflow 0.1 0.46 2 5
Short Faflow - no inputs, some harvest from fallow 0.12 0.60 2 5
Short Fallow - no inputs, fallow products harvested 0.14 147 2 5
Permanent cropping - no inputs (.40 1.20 4 @
Permanent cropping - low fertilizer rate (.48 1.60 4§ 0
Permanent cropping - idem, higher harvest index 073 240 § 0
Permanent cropping - idem, higher fertilizer rate 0.85 360 4 0
Permanent cropping - idem, pesticide use 1.47 4.20 4 0
Permanent cropping - idem, fully mechanized 208 420 4 0
Permanent cropping - idem, double cropping + irrigation 400 6.00 4 0
7.00
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= 300
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000 ¥ . S
000 1,00 200 300 400 500
Intensity

Figure 9. Relationship between fotal harvested yield and ‘intensity’ index LU for & number of cropping
systems.

In this equation variations in the amount of biomass harvestad in 'no input’ systems can lead to
the intensity indices of 0 - 1, while the use of fertilizer will double the result for nutrient application rates up
to ‘batanced nutrient budget’ level and more for higher rates, and the use of pestickles, foss# energy and
irrigation can fead to higher values. The index is 'open ended’ on the right hand side, and values above
10 are possible.

To utilize this index for a particular cropping system, we will thus need to collect data on the
typical duration of crop and fallow, the amounts of biomass harvested from both phases of the cycle, the
amounts of fertilizer (N + P + K expressed as nulrient appfication rates) and krigation water. The totat use
of fossil energy may be derived from fuel use for tractors and the like. Pesticides should be recorded ag
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amounts of active ingredient, and we will need to get some expert advice on half ife times and the index

of overall biological impact of the active ingredient.

A number of the further conversion faclors needed, such as typical nutrient content of harvested
products and water use efficiency of the crop may be derived from existing databases.

If indeed we want to use this index, we have to make sure we have protocols (questionaire) fo
meastire, assess or estimate

t = length of cropping or fallow period in a typical rotation [year] {interview the farmer for plot history)

= {final) total biomass of a crop or faliow vegetation [Mg ha'] (destructive blomass sample, use of
allometrics for woody parennials)
= {cumulatively} harvested parl of the biomass of a crop or fallow vegetation [Mg ha'] (interview the
farmer for plot history)

Nermizea = the amount of plant nutrients (N + P + K} added fo the field as external fartilizer {in inorganic or
organic form, the key is that it Is derived from outside of the "system’ under consideration) [kg ha:
Y1 (inferview the farmer for piot history)

ne = typical nutrient (N + P + K} concentration [kg Mg] (for crops there are databases that we can use,
occasionally we may need to sample ourselves)

Wingmea = amount of water provided by irrigation during one cropping year Jmm] {interview the farmer for
plot history}

w = water use efficiency of the crop, or blomass production per unit of water transpired [kg / § (the factor
10 is required to make the term dimensionlass) (database to construct lookup table for local
chimate and C; versus Cq

Eumms = sum of fossil energy used for all soil tillage and mechanized harvest operations [MJ ha)
{interview the farmer for plot history)

e = typical energy content of crop biomass {MJ Mg"] (database for look-up-table based on harvested
product)

Pused = total amount of active ingredient of pesticides used [kg ha''] (interview the farmer for plot history)

Tz = half-iife time of the active ingredient [year] {database)

p = a biological impact rating of the various active ingredients [kg year ha'] ('expert’ rankings?)

The Sampling Scheme For indonesia

The samﬁle design for indonesia was discussed at a number of global workshops, to ensure that
it will fit well within the overall data set, and can contribute to the global evaluation of our key hypothesis.

CSM-BGBD sample intensification
design Indonesia . TP are
of ! 1M et qew
Ecological rone: a“‘ ‘,n ﬁs ?l:swa ‘;M “",sta“‘“
Bukit barfsguf ;w“s fef" ‘.\g\‘"f ’g;ﬁ 5:: el e gre
Sumberjaya -

;ﬁf'?:;:i;f;;}aa - E - = - &
Waytewi -
§. Jambi Rantau - e :

Pandan
Lowland peneplain

3, PakuanRuatu- _
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4. wankatu-
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Figure 10, Expected presence of the 7 land use types across the § sampling windows for Indonesia.
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Table 2, Indonasia’s sample design

Aspects of land use intensification Level in the sample design

Tropical countries: Brasil -> India 7 countries (5 - 350 persons kmrd)
Benchmarks (windows) within country: 8.9, Jambl 3 benchmarks (range of ‘forast cover), 2
versus Lampung windows each

Forest - grassiands continuum 4 maln land use types

Intensity of use within the ‘forest’, 'tree crops’ and 'food 2 levels in 3 land use types (all together 7
crop’ land use classes land uss types)

Sampls-point level 'Index of fand use intensity’ 3 replicates per land use type per window:
characterized by L in Indonesia;

6*7* 3 =126 sample points, sampled on two
occasions (wet, dry)

Not all windows may contain good representation of all 7 land use types, but across the
6 windows we should be able to obtain a fair spectrum of situations.

The selection of sample points within the windows will be essentially based on
a grid sampling, but on the basis of an a priori classification of land use, we will add
points to ensure all land classes are represented, and we will randomly select among
points that appear to be similar in the dominant land use categories. The final result will
be similar to a ‘stratified random’ sampling scheme, but differ in maintaining a
minimum distance between sample points (thus ensuring ‘independence’ from the
perspective of the dispersal distance of most soil biota).
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Figura 12, Two 'windows' will be sampled in the Sumbarjaya benchmark, both of which are a
'subcatchment’ of about 20 km? that include a part of the remaining forest on Bukit rigis (with a gradient of
human use intensity starting from the edge of the forest), a range of coffee gardens {'sun coffee’ and
‘shade coffee), intensive crop production (horticulture) and some temporarily abandoned land (Imperata
grasstand). These windows are also instrumented for hydrological research by another project.
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In the mean time, household and community tevel survey and discussions can help us
understand who is applying the various ‘threat factors’ on their farms. and why they do this, This may
help to recognize the various trade-offs involved.

Suhsequently a more direct empirical approach can quantify the role of the various threats (e.g.
effacts of pesticide use or reduction of surface mulch), and discussions with farmers can lead to
identification of possible entry points for more biodiversity-friendly farm managament practices.

Assessment of forest agro-ecosystem tradeofls in the humidd tropics

Liltimate drivers| ¥ Landscape mosaic | _
E * {proximate drivers) ' E—Icosygtem

SXOEENROUS Agficuitam wetlbeing
fc’?Cf{}?‘S‘ sy

. ! Feosystem

Mixed serviges
Endogenous & g Human &

i & e & K soerd vapHal Tluman
responses i wel-hein i

Figure 14. Components of the wider ‘land use system’ that are assessed in the cument Millenjum
Ecosystem Assessment on the forest-agricuture interface.

Preximate environmental impa

) The need for a ‘whole chain® approach o
tation ‘responsible’ production/consumption relations

Ultimate environ-
mental impact

Figure 15, Sustainable management of belowground biota will require efforts within the agricultural
production chain (including the feedbacks between (responsible) consumers and (sensible) producers
that are grouped under an 'ecolabel approach, as well as clarity and solutions for the 'ultimate’ drivers of
further conversion of remaining forests for agricultural use.
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Al the national scale, the CSM-BGBU Indonesia team may consider to start wilh four working
groups for the initial stage of the project where the focus is on the survey.

Group A will focus on the selection of sampling windows and sample paints, use GIS fools for describing
land use history of the sites and establish the relations with the farmers managing the plots where we
want to sample; this group will also conduct the interviews that help in deriving the 1. index at plot
scale. A 'window master’ will ensure that foral contacts are maintained in an appropriate way, and
that sampling efforts in the field are coordinated well

Group B will focus on the soil biota {with macro and micre as tentative subgroups, requiring different
sampling methods)

Group C will be responsibie for all other basic descriptors of the sampiing sites: soil profile data, soil
physical and chemical characterization, carbon slocks, greenhouse gas emissions and aboveground
vegetation and biodiversity indicators

Group D will focus on the economical analysis of land use optiens in the windows and benchmarks, and
on attempts to define the ‘value’ of BGBD for local land users linked to this value of land use per se.
Policy dialogues will start early on, o sensitize the public debate on issues of CSM-BGBD, as soon
as data from the survey will come in,

Land use | Sl ! AGBD. { Econo
&history, hiota phyvs {- mics,
farmer con- &ehem | stock, | policy,

tact, win- I socialis
e BGBD | GHG) 3?,‘*3’3""
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‘Li}% plot MacroiMicro functns lLUI benchi
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Figure 17. Diagram reflecting the responsibiities of the vanous groups for coherent sampling across all
windows and sites, in order to allow subsequent data analysis i focus on the intensification hypothesis’
rather than variations in method; for group A, however, the concept of ‘window masters’ is introduced to
have a coordination level beiween all BGBD researchers and the focal farsmars,
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Williams, S.E., Gillison, AN. and Van Noordwilk, M., (2001). Biodiversity: issues relevant to integrated
natural resource management in the humid tropics. ASB_LN 5. In: Van Noordwifk, M, Williams,
S.E. and Verbist, B. (Eds.} 2001.Towards integrated natural resource management in forest
margins of the humid tropics: local action and giobal concerns. ASB-Lecture Notes 1 - 12.
international Centre for Research in Agroforestry (ICRAF), Bogor, Indonesia. Also available
from: hitp://www icraf cgiar org/sealTraining/Materials/ASB-TM/ASB-ICRAFSEA-LN.him.
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The second step is to decide the amount and locations of the sample sites on each land use, using grid
system or proportional sampling. Proportional sampling means one sample represents an area that the
same as grid sampling, but for deciding process is not systematic. The main reason for deciding
sample sites is accessibility.

Collecting Data

Data sources
Geographic information systems are essentially concerned with spatially referenced data.

These data will normally be obtained from one or more of the following sources.

1. Existing maps. Any kind of maps can be used as sources of GIS data using digitizing process.

2. Aerial photographs. Aerial photographs can be used as a source of GIS data using manual
analysis. To avoid error from the aerial photographs, it should be already rectified.

3. Satellite imagery. Satellite imagery such as Landsat image, SPOT image, IKONOS image, elc. can
be used as a source of GIS data using digital image analysis. The image based remote sensing
can provide near real time data; however, the availabllity of fine spatial resolution and near real
fime data are still limited.

4. Field measurements. The primary data source of GIS Is field measurement by collecting samples
directly in the field.

5. Other GIS databases.

Associated with the spatial dafa are the non-spatial {altribute) dala obtained from field
observations, point sampling, census figures, stc. Input of non-spatial data to the GIS database Is
generally performed by typing at the keyboard. Many systems also accept data files imported from
commercial database and spreadsheet software packages.

Entering data

Before any spatial analysis or modeling operations can be carried out in a GIS, it is necessary
to input the requisite data. The task of data Input is generally the most time consuming; therefore,
relatively the highest cost aspects of GIS implementation and operation. in particular, careful atiention
must be paid to quality confrol in order fo ensure that the input data are the highest quality. Without
quality control, the time and expense of data collection and input may be wasted (Weir, 1991).

The method of spatial data input depends primarily on the source of the data. The two
principle approaches for inputting data from maps are digitizing and scanning.

Data input by cartographic digitizing

The most usual method of converting existing maps info digital form is by digitizing. Using a
digitizer, all features are recorded as a series of X and Y coordinates. Data input from aerial
photographs is basically similar, with the exception that the third dimension is also recorded as a 2
coordinate.

The process of map digitizing involves: {a} preparation of the map for digitizing, (b} recording
of the map coordinates, (c) editing and corecting the data before storing in the map database, and (d)
entering the associated attribute codes. Before starting digitizing, it is necessary to ensure that the
source map is complete (including grid or graticule), correct, and free of physical damage (folds, tears,
aic.). If feature labels are to be added during digitizing, the operator must also be provided with a list of
the relevant codes. A digitizer records coordinates in units of millimeters (most digitizers can also
record in Inches if required), These coordinates are referenced to the X and Y axes of the fable. During
the digitizing, the progress of the work witl be displayed on the monitor of the computer,




Mapping Belowground Biodiversity Using GIS 145

Base map preparation is an important things in GIS. The final maps of all the data measured
in the field should be based on the base map as the absolute reference. The source of base map can
be used includes topographic map, land use map, aerial photographs, satellite image. etc. Before
starting to digitize the base map, the important thing is lo prepare the map by making appropriate
marks directly on the map document to identify the exact locations that wilt be digitizing. Remember
that the information content on the base map is not as detail as the source map, but should be reduced
or generalized. Al information should be digitized and saved into a layer separately. Some benchmarks
that will be easy to find out in the field should be clearly shown in the base map, such as road and river
junctions, road and river curves, villages, efc.

Semivariogram analysis, kriging map and spatial maps are carried out using a geostatistical
software (G5+) version 5.0 (Robertson, 2000} and then continued for the final maps using ArcView GIS
3.2 software (Hohl and Mayo, 1987). Semivariogram analysis will be used to evaluate the spatial
variability of the properties, representing the relationship between the lag or any integral multiple of the
sampling and semivariance. In this study, the best mode! in isofropic form will be used to fit the data to
describe the variograms considering the lowest value of residual sum of square (RSS). Kriged map or
spatial map of each variables wifl be compuled subsequently using point kriging, by taking into account
the data within the range we needed (McBratney and Pringle, 1997, Yanai et al,, 2000; Syam and
Jusoff, 2001). Kriged maps will be continued for spatial analysis using ArcView software. Kriged map
will be exported and changed into ArcView format, registered and digitized separately based on the
variabllity ranges of each variable. Each of the variable range should be saved as one layer. The final
spatial maps can be drawn by overlaying some layers depending on the user's need.

Cutput

Some means of output s required in order to present the results of GIS analysis to the system
user, such as: hard copy output, i.e. a permanent copy, usually in the form of a printed spatial map; soft
copy, in the form of a digital map on the computer monitor.
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introduction

Recently increased awareness to conserve and sustainable manage belowground biodiversity
{BGBD) for sustainable development in the agricultural and other related sectors has besn
acknowledged. This is particularly due fo widespread appreciation of the roles of belowground biota in
ecosystems. As described by Swift and Bignell (2001}, the activities of these organisms contribute
signfficantly to the maintenance and productivity of agroecosystems by their influence on soil ferfifity
and plant health. Despite this recognition, however, only a fittle is known, especially on their
characterization and ecological functions. Similarly, soil and plant roots as environments for this diverse
group of belowground biota, including nematodes and microbes, are still poorly understood.
Assessment and evaluation of BGBD In different landscapes and land uses are therefore subjects of
considerable impordance.

Methodological aspects, including sampling, recovery, and identification, are very cruciat in
BGBD studies. For different experimental sfudies, a number of methods to assess nematodes and
microbes have actually been available. It is impodant, however, to note that any selected method has
to recognize at least two things, scientific justification and practical consideration. In the context of the
Conservation and Sustainable Management of BGBD (CSM-BGBD) project, a workshop on methods
for soil microbes is yet to be implemented. While outcomes of the limited workshop should serve as
main references for microbial protocols, this paper is more or less a general discussion on procedures
in nematode and soil microbe research for belowground biodiversity assessment, A quick raview on
molecular dentification of microbes Is also presentad.

As akeady indicated, discusslon in this paper focuses on methods in nematode and soil
microbe research. Considering great variations of these organisms, a relevant question is on whether
all of their taxonomic groups should be included. While the taxonomic diversity of nematodes is very
high, that of soil microbes is even much more impressive. This inevitably leads to some selection of the
organisms, particularly within soil microbes. Based on thewr functional significance, a number of
microbial taxonomic groups have been selected to be investigated in the CSM-BGBD project
{Sumberjaya technical workshop report, 2003). Under this recommendation, solf microbes are fimited to
bacteria, fungi and pseudofungi, with emphasis on certain funclional groups such as mutualistic
symbionts (arbuscular mycorrhizal fungi, ectomycorrhizal fungi and nitrogen-fixing bacteria), soil-borne
pathogens and biological control agents (Fusarium spp., Phylophthora spp., Pythium spp., Rhizoctonia
spp. and Trichnderma spp.} and some cother ecologically important groups (amonifiers, decomposers,
deniirifiers, methanogenes. nilrifiers, etc.).

Sampling

One early step in BGBD explorations is sampling. Nematodes and soil microbes are sampled
in a stratified-grid system, in which 100 sample points will be Included in each of the three windows
comprising seven different land use systems, respectively. Sample unils for nematodes and microbes
are determined foflowing the method described by SP. Huang and JE. Cares (personal
communication}. In each sample peint, two vertically cross lines within two circles (3 m and 8 m radius,
respectively) are drawn. Sample units include 12 soif cores taken to 20 ¢m in depth using a carbon
stesl tube. Four sample units are taken from the small circle, the remaining eight cores from the large
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modified centrifugation sugar flotation method (Jenkins, 1984). By the method, the suspension &
rotated at 3500 rpm for & min to discard the supernatand. The residue in the centrifuge tube is
resuspended with sucrose solution (456 g/t) and rerotated at 1000 rpm for 1-2 min. Nematodes in the
supematant are then coliected by a 37-um screen. The extracted nematodes are killed by ot water,
and fixed by Golden solution {final in 3 % of formatin) {(Hopper, 1970}, and the suspension is adjusted to
15 ml. The nematode population is counted by randomly ramoving 1 mi from the solution, and the total
number is calculated hy the mean of three counts x 15.

Nematode identification and functional groups

Seinhorst's method {Seinhorst, 1959) is modified (Figure 2) to avoid picking up nematodes
one by one for making high amounts of permanent slides. By this method, the nematode suspension is
reduced to 3 ml, also added with 7 mi of Seinhorst | solution in & 5 cm diam Petri dish, and placed into
desiccators at 43 °C for ovemight. Being removed from the desiccators, the solution is dried at the
same temperature for 4 h to reduce at least half volume on the second day. After being completed to
the same volume (10 ml) with Seinhorst I solution, the dish is returned to the desiccators for overnight
again. The process is repeated for three times (it is not necessary to add Seinhorst 1l in the last time),
and the dish is maintained at the same tempersture for at least 48 h. After this process the nematodes
from the dish are mounted on slidas, As many as 100 nematodes from the slides in each sample are
randomily selected for identification to genus level by using a compound microscope {400-1000x).
Comgposition of the reagents used in this method is presented in Tabie 1. The nematodes in genus level
are then allocated into five trophic groups (bacterial and fungal feeders, plant parasites, omnivores and
predators) based on description of Yeates ef af {1993).

3 parts Golden X e Desiccators in > Dryingind43°Cor4h
7 parts Seinhorst | 43 °C overnight to reduce about ¥z poiume
Dryingindd °Clord b Desiceators in Compiete
to reduce about % volume < 43 °C overnight < o Seinhorst I}
\V .

Complete Desiccators in S Drying in
Seinhorst Il ———> 43 °C ovemight _ 43°Cfordh
Drying in Desiccators in \L

43 °C for 48hrs 43 *C overnight <

Figure 2. Scheme of the modified Seinhorst's method (infiltration of glycerin to high amount of
nematode population). The desiceators are filled untit about 173 of volume with 98% alcohol,

Indices and parameters

The data are then transformed into the following measurements with formulas described
{Krebs, 1994, Magurran, 1988; Norton, 1878} absolute frequency, total abundance, relative
abundance, trophic groups (Yeates ef al., 1993} (if one nematode have two types of feeding habits, #ts
population riumber is divided by two for each one), species richness index (d = (S - 1)log N, where S =
no. of genera, and N = total no. of nematodes), Simpson’s diverstty index {Ds = 1 - Z{p)?, where, p; =
percent of genus “I" in the total abundance), Shannon-Weaver's diversity index (H™ = -Z p; logz pil,
evenness of Simpson's diversity index (Es = Ds/Dsma, Where DS = 1 - 1/5) and of Shannon-
Weaver's diversity index (J' = H'/H'max, where H'max = Log; S), trophic diversity index (T = 1/Z (p§,
where p; = reiative abundance of one trophic group), the ratios of fungivore/bacterivore (FF/BF) and of
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standard protocol of DNA extraction involves grinding of the sample in 2 buffer, incubafion, and
extraction with phenol.chioroform to remove protein before DNA recovery by alcohol precipitation,

Table 2. Studies on soil microbial diversity employing mofecular approaches {from Rondon ef af., 1999}

Habitat o Location {number of study} o S
Agricultural Asia {1}, Europe {3}, North America (3}

Forest Australia (2}, Evrope {2, South America {1}

Grassland Europe (2)

Landfill Narth America (1}

Pasture Europe (1), North Amarica (1}, South America (1)

Peat bog Europe (2)

Rainforest North America {1)

Tundra Asia (1)

Woodlands __ . MNohAmerca(t)

Based on the genomic materials used or targeted, two types of molecular analysis are
recognized. The first category utilizes PCR primers to amplify a single particular gene from the
microbes. Ribosomal DNA {rDNA}, the DNA that codes for the subunits of the ribosomes, is the most
commonly largeted gene in the single gene approach. These genes occur as a multiply repeated
cluster and consist of the genes for the ribosomal small subunit (8SU), the 5.8S subunit and the large
subunit {LSYU). The genes are arranged linsarly in this order and are separated by two internal
franscribed spacers (ITS). Each gene cluster is further separated by intergenic spacer (1GS) regions,
The various ribosomal genes are very similar across greatly different life forms. They have evolved
qguite slowly (Duncan and Cooke, 2002). On the other hand, the spacers have evoived much more
rapidly and, as a result, are much more variable, even among quite closely related organisms (Duncan
and Cooke, 2002). Perhaps due to the complexity of the structure of ribosomal genes, the second type
that samples and analyzes the whole genome have also been used as an afternative to the single gene
method. .

The single gene approach can be further divided into those employing primers selected for 8
specific taxon and those aiming to target a more general group of microbes. In general, primers often
have to be designed to be specific for a particular exploration. As more infortnation becomes available,
the design of PCR primers also continues to advance. it remains, however, a delicate balance between
generality that is needed so that important target organisms are not missed {for example in community
analysis) and specificity to avoid being heavily contaminated by non-target organisms. Depending on
the nature of the investigation, this can be facllitated among others by choosing the regions of the
ribosomal genes fo he amplified. Conserved rDNA regions are intended to determine relationships
among all the major branches of life, whereas much more variable spacers showld be useful to
distinguish closely related organisms.
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soil formation (pedogenesis). Dindal and Wray (1977) noted that there are at least three main roles
played by soft invertebrates including
» assisting the process of conversion of soil physical properties,
« playing a part in accelerating the decomposition rate of organic matters,
» sharing actively in humus formation,
Furthermore, Pankhurst ef af. (1997), Linden of af. (1994} in Doube and Schmidt (1997}
explained that soil organisms conlribute to soil health in the form of
controling decomposition of plants and animals,
controling biogeochemical cycles,
determining soil structure,
determining changes of chemicals used in agriculture and poliutants.

An example in this case is earthworm. Leg (1985) in Pankhurst {1987) stated that this worms
play important roles for reparation of soll feriity and structure repair with their activities. The
importance of earthworms are as follows
o Resolving organic matter in soil
Improving water holding capacity by soil particles
improving infiitration of ground water
Improving soil aeration
Improving root penetration into sail
improving activities of soil microorganisms

[ 2

. & @

Biocontrol agents

Besides as decomposers, soil organisms c¢an be used as biocontrol agent for plant pests and
pathogens, both on the soil surface and plant roots. Besides the organisms themseives, utilization of
metabolites from the organisms and interaction from various soll microorganisms have also been
developed. ,

Individual exploitation of organism has been recognized: for example, utilization of certain
fungi to control pest insects or to control plant pathogenic bacteria or fungi. Bacteria (Bt for example) as
biocontrol agents for pest insects have also been commercially circulated with various rade names.
Entomofagous fungi are not less eflective than bacteria. Mostly the organisms used as biocontrol
agents are soil organisms.

Metabolites of certalr organisms can also be used to confrol, diseases or pests. Some
examples are antibiotic and or allelophatic compounds released by various fungi. The fungi excrefe
compounds capable of inh%biﬁiag or even killing other organisms. This is also initially originated from
soit.

Interaction of various fungi and/or bacteria can generate effect that can be used to inhibit
growth of pathogenic fungi or bacteria. In the process of compost formation, the interaction happens.
Side sffects of the interaction are used to controt pathogens. Results of this kind of research show that
this can be accomplished {Djauhari et af, 1997).

Detarminant Factors of Abundance of Solt Organisms

Composition and abundance of soil organisms depend on soll types, physical and chemical
conditions and management. Environmental conditions affect lfe of soil organisms, Microciimate, soil
hurnidity, acidity levels, organic matter contents an<” existing vegetation can influence community of soil
organisms (Clement and Pedigo, 1970; Aleinikova r:nd Utrobina, 1975; Wallwork, 1975).

Various soil managements that are enviro-ment-friendly {minimum tillage, organic fedilization,
elc.} generally can increase earthworm populatione. This matter is caused by the aburdance of food
{Doube and Schmidt, 1997}. Mhatre and Pankhurst {1297) emphasized that relative abundance of soll
organisms, for example nematodes, is determined by availabifity of food for the organisms. Bengtsson
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s Adding soil organisms to accelerate decomposition processes (earthworm, EM). Earthworm could
also improve community diversity of other soil organisms (Pankhurst, 1897).
o Other efforts (less synthetic fertilizers, pesticide, soi tiflage, etc.).
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2. Tree-based land use (T = tree)

« T mixture tree (agroforestry), extensively managed
¢ Tnm simple agroforestry, rather intensively managed
L intensive monoculiure plantation

3. Crop-based land use {C = crop)
o G extensive (R < 33 %), "bero” system, multiple cropping
Ca rather intensive crop farming (R = 33-67 %), rather brief “bero” system
G intensiva crop farming (R = 33-67 %), managed brief “bero™
Co continuous crop farming (R > 67 %), very brisf “bero”

- B B

4. Livestock production-based land use {A = animal production}
+ A, pasture without/low management of feed quafity and quantity
. A pasture with management of feed guality and quantity

From the entire land use systems above, there has been agreement within the BGBD project
fo cover land use systems as wide as possible, starting from the most extensive to the most intensive
systems. Thus, information about belowground biodiversity can be coflectable from all axisting land
uses. Based on the condilion of reseasch location of the BGBD program, there will probably be seven
ctasses of land use systems covering:

¢ Forest-based Jand use: natural forest {F,) and intensive production forest (F)
v --Tree-based land use: extensive (T.) and intensive (Ti)

* «pferop-based land use: extensive {C.) and intensive (G}, and

¢ Livestock production-based land use (A)

As an example, from surveys in some key areas assumed as representatives for Pakuan Ratu
area, Lampung Uara, some dominant land cover groups are oblalned. Land cover {found around
villages of Karangsakli, Negara Jaya and Bimasakti) includes:

Acacla {mangium}, “alang-alang” {Imperata), cassava, gallary forest, rubber monoculture, rubber
- cassava (multi cropping), field rice, ofl palm, “sengon”, sugar cane, ol paim - cassava (multi
cropping), maize - cassava (mulli cropping), coconut and crop mixiure.

tand Use Practices in Pakuan Ratu

Pakuan Ratu area in Lampung Utara represents a hilly to rather plane area, most of which is
in the form of acid Ultisols soll experiencing damages at various levels (degraded soils) after it was left
‘open’ for decades. Land use system classes existing in Pakuan Ratu, based on combination between
land use system classification and results of fiekd observation are as follows.

No Land Use System ‘ Classification
1 Gallery forest! nd Fe <.

2 Gallery forest? Fi

3 Acacia, "sengon”, coconut Te

4 Rubber, ¢il palm Ti

5 Mixed crop, Imperala Ce

8 Cassava, ricp, suger Ci

7 Imperata < A
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Characterization of Land Use System Intensity

The BGBD Warkshop in Sumberjaya proposed quantification of land use system intensity with
an index calculated with the following formula {van Noordwijk, 2003).
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fength of cropping or fallow period In & typicsl rotation [year] {interview the farmer for
plot history)

(final) total biomess of a crop or fallow vegetation [Mg ha'] (destructive biomass
sample, use of allometrics for woody perannials)

{cumuistively) harvested part of the biomass of a ¢crop or fallow vegetation [Mg ha?)
(interview the farmer for plot history)

the amount of plant nutrients (N + P + K} added to the fleld as external fertiitzer (in
inorganic o organic form, the key is that it is derived from outside of the 'system’ under
considaration) kg ha '} {interview the farmer for plot history)

typical nutrient {N + P + K} concentration (kg Mg} {for crops there are datsbases that
we can use, occaslonaly we may need to sample ourselves

amount of water provided by Irrigation during one cropping year [mm] (interview the
farmer for plot history)

water use efficiency of the crop, or biomass production per unit of water transpired [kg /
i (the factor 10 Is required to make the tarm dimensionless) (database to construct
lookup table for loca! climate and C3 versus C4)

sum of fossil energy used for alf soil tittage and mechanized harvest operations [MJ har
1} {Intarview the farmer for piot history)

typical energy content of crop blomass [MJ Mg'] (database for lnokup table based on
harvested product)

total amount of active ingredient of pesticides used [kg ha'] {interview the farmer for
plot history)

hatf-Hfe time of the active ingredient [year] (databasa)

a blological impact rating of the various active Ingredients [kg year ha'] {‘expert
rankings?)
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Introduction

The definition of conservation has some relevance to the meanings of impartiaiity, strategy, and
dynamism. Conservation is the management of natural ffe to benefit the prasent generation fully and
sustainably, and to conserve its potential to guarantee the naxt generation's aspiration and needs (Wiratno
et al, 2002). The awareness of conservation is fow due to the limited knowledge of the long-term benefit of
below ground biota in communal living. Conservational effort of belowground biota will give long-term
benefit, Sociaiization is, therefore, necessary.

Many theories of behavior, such as S-R model (Stimulus - Response} and C-R modei {Challenge -
Response) may be applied as a base to recognize changes in behavior, Thay state in principle that behavior
is a result of some responses of observed individuals, which will stimufate him/ar later both internally and
externally. Behavior of 8-R and C-R models is the result of one's extemnal stimuli. Changes in behavior may
be caused by one’s inner-self or outer factors. Behavioral changes based on one's inner-self consciousness
are more permanent {Ndraha, 1991),

The concept of participation has various and wide definitions. Often is the concept of participation
measured and defined as an involvernent of community in an activity. The word “involvement” is actually the
essence of an understanding of paricipation. Participation can also be defined as one's mental and
emotional involvement in a particular group, which encotrages himvher to make contributions to the group,
in an effort {o achieve its goal, and to be responsible as well.

To reach the context of active participation, understanding and “consciousness level” are essential
so that one will participate in an “aware-willing-able” way. To participate, one requires conceptual ability and
potential to contribute. Without them, he/she will find it difficult to participate or perform himselfherself as
expected. The zability o participate implies that the result of a particular process related to stimulus or
motive, manner, intelligence, knowledge, skill, and utilization of methods, means, and instruments, bacomes
a completeness of doing (Ginting, 2001).

Communal Participation in CSM-BGBD Program

Communal participation in the Conservation and Sustainable Management of Beowground
Biodiversity (CSM-BGBD) program will take place if the CSM-BGBD contribution to the community is real.
The objective of CSM-BGBD In Indonesia is stifl beyond community's perception bocause they have not had
the advantage of # directly. Therefore, H is necessary to make an effort to enable the community to get
benefit from conservation and belowground biota management activities.

Opportunity to participate should be supported by some factors coming from both inside and
outside the community. Inner supporting factors include (a) having an opportunity to participate in an
activity, (b) possessing an ambition to achieve geals, (c) willing to join an existing activity, (d) keeping trust
and hopes and (e) having reciprocal cooperation and adjustment batween the community and program
agents (Mikkelsen, 1999). On the other hand, participation is closely related to empowerment, bacause
participation actually empties into the emergence of inner ability, so that participation has an active
meaning. In the context of development, “participation” frequently serves as justification for program or
activity siding with the community and communal involvement in which the community basically remains as
an “object”; hence, obviously this is not a positive sense of the term.
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There are several defalls to consider in working on communal participation with regard to
socialization and escalation of communal participation in CSM-BGBD.
» Participation serves as a stimulus in the community to encourage responses.
» Participation performs a motivation for the community to develop sustainable appropriate conduct.
» Padicipation benefits the refated community directly.
» Participafion depends on feit need in the community.

Policy Aspect of CSM-BGBD

A program will work applicably and efficiently in its process if there is a suppert of policies. In poficy
system, there is a harmonic reciprocal relationship among the three elements: public policies, policy
stakeholders, and policy environment (Dunn, 2000). CSM-BGBD programs require policies’ support for
introducing the community to their importance.

The first alement to apply the policy correctly Is the presenca of public policies’ support. According
to Dunn (2000, public policles’ support is a serias of cholces showing, more or less, a relationship made by
government officlals, which may serve as a gdeclslon on flora and fauna protection and conservation. In
formulating policles, it is likely to side with an issue that is potential to attract conflicts and the actual
condition. The avatiable poficies are usually the results of definition conflicts of policy problems.

Furthermore, it is also important fo consider the policy stakeholders, Policies depend upon the
policy stakeholders’ involvement paftern, in which individuals and groups make contributions to the policies
due o the actual mechanism influencing and being influenced by government resofution. Palicy
stakeholders are those who involve directly or indirectly In appreciating a government resolution, such as
citizens, NGOs, political parties, govemment agents, leaders, etc. The stakeholders often comprehend the
same Information on policy snvironment diferently.

The third efemant, policy environment, Is 2 particular context In which events around the issue of
policies affect and are affected by policy makers and public policles. Consequently, policy system covers a
dialectical process, meaning that objective and subjective dimensions of poficy makers are not separable in
practice. Policy system Is & product established through sensible and rational choices of the policy
stakeholders.

Public support means that policy enforcement will ba more effective and efficient in socializing the
program. The involvement pattern of the policy stakeholders (s actively related to thelr capacity ae subject of
the program’s planning, execution, and avaluation. Pollcy environment suggests the sppearance of strateglc
lssues coming from & specific pattern of CSM-BGBD performancs. A geries &f evenis tan serve a8 a
reflaction of policy sxecution.

One of the sfforts to enhance CSM-BGBD progrem | through a policy advocacy activity, The
utllization of advocacy methad is to distribute CSM-BGBD's ideas and goals and through the utilizetion of
information relevant to actual policies, to clalm rational knowiedge based on reasonable arguments about
possible solutions to policy problems. Pailcy advocacy is a way lo make normative statements, instead of
ghving prescriptions, commands, orders, and 80 on.

The government, In executing policies, has flexiblity or transttory regulations, whils the
govamment’s competence in making policles has a strong and binding legel aspect. Stewsrt (1893)
menticned several tools for the government to Implement its policles {Table 1).

By observing Table 1 below, it is confirmed that the government In carrylng out policies has a very
specific scope especially for the achlevement of goals. Spaaking of strategy and policy means relating the
three tools to obtaln an appropriate objective without leaving the concept of efficlency and effectiveness
behind in utllizing resources. The achlevament of policy goals is kiantical to the establishment of effective
and efficlent poficles. Accordingly, all socla! strata In the community will respond to the policles’ objsctiva in
axecuting the CSM-BGBD program.
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introduction

The Conservation and Sustainable Management Belowground Biodiversity (CSM-BGBD) Project in
Indonesia will be conducted in three benchmark areas in Sumatra Island. Two benchmarks, Sumber Jaya
henchmark (8J) and Pakuan Ratu benchmark {(PR) are located in Lampung Province, while the other
benchmark will be located in Jambi Province (Figure 1). The Jambi benchmark also consisted of two sites,
Rantau Pandan and Muara Kuamang. The benchmark areas represent the ecological zone of Sumatra
istand, which consisted of mountainous, piedmont, peneplain and swampy areas. Sumber Jaya is located in
the mountainous areas, while Rantau Pandan in the piedmont areas, both Muara Kuamang and Pakuan
Ratu are located in penepiain region.
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Figure 1. Location map of Sumafra Istand, Lampung and Jambi {A) and position of the benchmark areas
from the ecological zone view point of Sumatra Island (B).

In addition to this, Lampung Province represents the areas with high population density and high -
pressure on natural resources, in contrast with Jambi Province, which represents low population density.
Population cencus in 2000 showed that the population of Lampung was 6.7 million while Jambi had 2.4
millions poputation. Lampung province has the highest population density in Sumsatra island, 191 population
per knw®, while Jambi has the lowest population density, 45 population per km? (BPS, 2003),
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On field jevel observation, Afandi ef al. {2002b) repaorted that there were many shrubs areas which
grew along the river areas ('niparian”), which effectively prevented soil loss. Afandi ef al. (2002a) also
reported that although the farmer applied “clean - weeded” management in coffee areas, the soil loss based
on plot scale measurement was very low, with the maximum of 22.7 tha.

Pakuan Ratu benchmark
Research on BGBD Project in the middle area of Tulang Bawang Watershed will be located around
Way Kir River with longitudes between 104°50" - 105°00° {East ) and 4°25" - 4°30" (South).

Topography and geology

The main tandform of the Pakuan Ratu benchmark area is acid tulff plain with undutating (3 - 8%)
to rofing (8 — 16%} slope classes, and 25 — 100 m a.s] aititude. Aliuvial tandform occuples a small part of
this area, particularly along meandering belt.

According to Gafoer &f al. (1993), the most part of the Pakuan Ratu area s localed In the Kasai
Formation (QTk), and the small part is in the Recent Alluvium (Qa). The Kasal Formation, which was
previously named the Upper part of Palembang Zone {Bemmelen, 1949), consists of conglomerate and
quartz sandstone, tuffaceous clay stone containing silicified wood with pumiceous tuff and lignite
intercalations. Aggradation processes, which began in the early Tertiary Period until the early Quarternary
Period filled the geosynclinal of Sumatra by sedimentary rock materials {Palembang zone) and formed
widespread of peneplain in South Sumatra. The upper part of Palembang zone or Kasai Formation (1 150
m thick} was deposited overlying the Muaraenim Formation {Tmpm) during Pliocene Epoch {late Tertiary)
until Plelstocene Epoch {sarly Quarternary). The Recent Allwium, which was accumulated in the Holocans
Epoch, consists of boulder, gravel, sand, silt, mud, and clay. Those materials can be found slong
meandering belt of Way Besai River. Both of the two Formations belong to acid rock materials.

Climate
Rachman ef al. (1997) reported that the annual rainfall was around 2500 mmiyear with average
annual temperature of about 26.8°C. The rainfall pattern in this area is shown in Figure2.

Soil

According to the Land Unit and Soll Map of the Baturaja Sheet 1:250.000 (Hikmatullah ef al,
1990), there are several classes of sofls {Great Soil Group Category, based on USDA, 1987) in the Pakuan
Ratu benchmark area. Soils in the acid tuff plain were dominated by Hapludox and Dystropepts, while soils

in the floodplain of meandering river (alluvial landform) are dominated by Tropaguepts, Dystropepts, and
Fluvaguents.

Land use

Several land use types could be found in the Pakuan Ratu benchmark area in later years, such as
secondary forest, fresh water swamp forest, riparian forest, mixed perenhial crops, shrub and bush, upland
crops, andd grassland. There are some big private and national estale planiations, such as sugarcane
plantation, oif palrﬁ planta’ison pineapple plantation, and rubber p!antatm
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Table 1. Climate data for the Rantau Pandan benchmark area {Rachman ef a/, 1897}

Parameter Jan  Feb Mar  Apr May  Jun Il Aug  Sept Okt Naov  Dee  Amngal
Eainfall {mm}
Tanah 339 273 230 153 12 e 115 18] £91 237 336 411 2926
Tumbuh*
Rantan 302 234 234 3i7 236 147 124 205 165 269 280 343 2898
Pangang®
Bangke* I 2GR 268 299 245 142 147 2% 1M 297 345 189 346
Temyp {°C)
Average 221 286 285 %1 287 254 27 294 34 284 288 2990 Y
Stand. Dev 03 03 03 0I5 063 040 Q20 D 085 O 005 025 023
Max 335 325 324 329 325 328 i 327 MR 3319 33: 329 326
Min 246 24% 250 153 M9 2% WO 260 28Y IR 243 250 250
H
ETP (mm) 2 123 138 i34 120 17 114 127 127 7 97 i24 1450
Radiation (MJ m"*day'}
Averape 152 184 H 153 143 136 119 147 155 E5.8 152 154 15
*Climate Station
Soll

Tropofluvents were found in the floodplain along the Bungo river with slope of lass than 1% and
contributed 12% of the whole area. Three types of soils in the sub group category occupied 88% of the
whole area and distributed in five land units, and they were found in the hilly area of this benchmark. Those
soils are Oxic Dystropepts, Typic Dystropepts, and Lithic Dystropepts. Soit solum varies between shallow
and very deep. Lithic Dystropepts represent soils with shallow soil solum, while Oxic and Typic Dystropepts
tepresent solls with deep to very deep soil solum. All of soils in the benchmark area have kw base
saturation {<50%) in all subhorizons between depths of 25 cm and 100 ¢m, or between 25 om and a fithic
contact. CEC of soils are generally low, particularly in the Oxic Dystropepts that have CEC clay of less than
24 emol{+) kg*. Soil with low CEC clay shows the domination of kaolinite in the clay fraction. '

Land use and farming systems :

van Noordwik of al. (1995} had identified ten kinds of land uses found in this benchmark area le: 1)
natural forest, 2} community - based forest management, 3) commercial logging, 4) rubber agroforests, 5)
rubber agroforests withiclonal planting material, ) rubber monoculture, 7) ol palm monoculture, 8) uptand
rice/bush fallow rotation, 9} cassavafimperata rotation, and 10) wetland rice fislds.

Muara Kuamang Window

Geographically, the Muara Kuamang window area is sited in the latitude between 102°10° -
102°20°E and 1°30' - 1240'S. This area represents the peneplain zone of Sumatra. There are several
streams as the tributaries of Batanghari river i.e. Bungo Tebo river, B. Senamat river, B, Pelepat river, and

Kuamang river. Kuamang village is in the sub - district of Pelepat and represents the local farmers {Jambi
ethnic group).

Geology

Rachman ef a/(1997) reporfed that there were two kinds of landform found in this benchmark area,
8. floodplain along the streams and rivers and undufating to rolling peneplain. According to Geologicat Map
of Sumatera 1:2,500,000 {Rosman and Dal, 1879), this windows area is located In the recent volcanic rock
materials. Geological Map of Muarabungo Quadrangle (Simanjuntak af al., 1891) gives information in more
detail. This area particularly consists of the Kasal Formation (QTkj and Muaraenim Formation (Tmpm).
Rock materials In the Kasal Formation were accumulated from the late Tertiary period {pliocene spoch) until
early Quartemary period (plistocens epoch), and consist of conglomerats, quartz sandstone, tuffaceous
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