a}%&nal °"

P

-
|’
l

Proceedings of the I
S

LAND MANAGEMENT AND
BIODIVERSITY IN SOUTHEAST ASIA

September 17-20, 2002
Bali, Indonesia






Proceedings of the International Symposium on

LAND MANAGEMENT AND BIODIVERSITY

IN SOUTHEAST ASIA
Bali, Indonesia, 17-20 September 2002

Editors

Mitsuru OSAKI

Toshio IWAKUMA
Takashi KOHYAMA
Ryusuke HATANO
Koyo YONEBAYASHI
Harukuni TACHIBANA
Hidenori TAKAHASHI

Takuro SHINANO

Seigo HIGASHI
Herwint SIMBOLON
Sehat Jaya TUAH
Hanny WIJAYA
Suwido Hester LIMIN

Hokkaido University, Sapporo, JAPAN and
Research Center for Biology,
The Indonesian Institute of Science, Bogor

March 2003



FOREWORD

As we all may be aware Southeast Asia countries are among the most important areas in terms of land management and
biodiversity conservation. In these areas, a myriad of ecosystems and species diversity are harbored, which directly and
indirectly relates to the quality of the global environment. Hence, any land mismanagement will lead to environmental
destruction and unprecedented biodiversity loss. A recent serious disaster in Southeast Asia that is related to the
mismanagement of land was the forest fire of 1997/1998 and 2002, which caused significant damage to natural resources
and, hence also to human life.

In addition, Southeast Asia is expected to be an area of major economic development in the 21% century. Therefore,
natural resources within this area are being utilized and managed as one of the main sources of capital for economic
development. However, in the last few decades, there are some indications of the natural resource mismanagement. It is
imperative that wise use and sustainable management of the land’s ecological and biological resources be applied while
accelerating the economic development of the area. The need for better management and sustainable development has
been studied in detail from many aspects by numerous scientists under The JSPS-LIPI Core University Program entitled
“Environmental Management of Tropical Wetland Ecosystem in Southeast Asia”, which was established in 1997 and will
continue until 2006.

To garner needed attention to the pressing issues of sustainable land management and biodiversity conservation, The
Graduate School of Environmental Earth Sciences, Hokkaido University and The Research Center for Biology-Indonesian
Institute of Sciences jointly organized and hosted the International Symposium on Land Management and Biodiversity in
Southeast Asia (TROPEAT2002). The presentations and discussions during the symposium emphasized four important
issues: wise use and sustainable management of tropical peatlands, biodiversity and bioresources, aquatic ecosystems
and resources, and environmental quality of human settlements in river basins. During the four-day symposium, around
one hundred and sixty scientists sat together to discuss the problems we face concerning the mismanagement of natural
resources and biodiversity. It was a very successful meeting, with more than 80 oral and 90 poster presentations, which
led to very interesting and encouraging discussions. We believe that the scientific knowledge related to the sustainable

land management and biodiversity conservation presented in this volume are very useful for scientists, students, as well

as decision takers and policy makers, and will also promote more fruitful collaboration in the future.

Motoyoshi IKEDA Arie BUDIMAN
Dean, Director,
Graduate School of Environmental Research and Development Center for Biology,

Earth Science, Hokkaido University Indonesian Institute of Sciences



PREFACE

Southeast Asia has changed tremendously due to the rapid technological, economic and political developments of the
1980s. The members of the region are now integrated into the international economy. Some countries have already
become industrialized and/or more urbanized. However, most countries in the region are still agriculturally-based. As
most of the cultivated land is already being used, the people must encroach upon forestlands to increase the production of
crops to meet the nation’s needs. Economic development in the early stages tends to rely primarily on the extraction of
natural resources. However, in the last few decades, mismanagement of natural resources has accompanied the acceleration
of economic development. Many natural forests have been exploited for economic development at a very astonishing
rate, mostly for agriculture, forest plantations and settlements. Unfortunately, many of these projects have been unsuccessful
and have resulted in land degradation and biodiversity loss. The mismanagement of natural resources and biodiversity is
indicated by the decrease in environmental quality, expansion of the area of degraded lands and increase in the frequency

of flooding and forest fires.

Of course mankind has depended on natural resources to sustain life for many millennium. Natural resources have been
defined as living entities, which include genetic resources, organisms and populations, with actual or potential uses to
mankind. Meanwhile, biodiversity refers to the variation of life in all forms, levels and combinations. In the past, in
general, human population density was low and people had only limited technology with which to acquire resources and
change the environment, so humans lived in close harmony with nature and natural resources were plentiful. Increasing
population and the development of technology has resulted in the exploitation of natural resources. As a consequence, the
environment has inevitably deteriorated, although our dependency on the environment has not diminished. Therefore,
new natural resource management approaches are essential. If we are to utilize our resources in a sustainable manner, we

must understand the interaction between biological diversity and global processes through research.

The purpose of the International Symposium on Land Management and Biodiversity in Southeast Asia (TROPEAT2002)
held in Bali, Indonesia from 17-20 September 2002 was to share results and experiences on environmental systems in
this region. The numbers of participants was, to our excitement, larger than expected, so the meeting was divided into
oral and poster sessions. Around 160 researchers attended from Japan, Indonesia, Malaysia, Thailand, Australia and
some European countries: United Kingdom, Finland, Germany and the Netherlands, to present their most recent findings

on various issues of land management and biodiversity conservation in Southeast Asia regions.

This volume consists of 8 different subjects organized according to the sessions of the symposium. Session 1 (“Forest
Ecology”, 9 papers) includes descriptive studies of vegetation, microclimates, CO, flux and throughfall in peat swamp
forests, as well as plant adaptation to acid soils, nitrogen sources of some tree species and natural reforestation processes.
Session 2 (“Soil Ecology”, 12 papers) addresses biochemical and microbial processes and macro fauna diversity in
tropical soils. Taxonomic and physiological studies are included along with a report on carbon emissions of peat soils.
Session 3 (“Biodiversity”, 8 papers), highlights the enormous diversity of flora, fauna and habitats in the tropics. Session
4 (“Agricultural Environment”, 10 papers), introduces novel land management strategies for peat soil to enhance crop
productivity. The quality of the soil was investigated from a microbiological, hydro-physical, traditional and modern
perspective. Session 5 (“Peat Science”, 8 papers), examines various unique properties of peat soil. Reconstructing past
natural and artificial vegetation changes was undertaken using isotope and lignin signatures. In addition, “Kerangas”
grain size distribution was investigated with radio-isotopic dating. In Session 6 (“Peatland and River Technology”, 12
papers), the hydrology of peat swamp forests in Indonesia and mires in Japan were investigated. Water quality, mining

and forest fire effects, groundwater characterization, restoration and management were all addressed. In Session 7 (“Aquatic



Environment”, 14 papers), the macro and micro-faunal composition in rivers and the upper layers and benthic zone of
lakes were characterized; phytoplankton and zooplankton diversity in some oxbow lakes and a perian swamp forest was
also described in detail. In addition, mercury pollution from illegal gold mining was reported on. Session 8 (“Human
dimension, Conservation and Remote Sensing”, 12 papers) describes the use of ethnobotany and traditional food usage,
recycling and allocation in Kalimantan, characterization of peat with indigenous knowledge, conservation of primates

and application of remote sensing and GIS techniques to describe land use patterns and changes.

During the closing session of the symposium, a plan for the final stage of the Core-University Project from 2003 to 2006
was discussed. Conspicuously lacking from the project are detailed and focused studies on the human dimensions of the
environmental issues. Therefore, an additional research group is being established, which will focus on the human dimension

and any related issues.

In this volume, sustainable land management and biodiversity conservation are assessed and examined from various
viewpoints. Many studies were carried out using a multi-disciplinary approach simultaneously in particular sites in
Kalimantan, therefore the investigations presented at this symposium are the result of the conscious integration of many
fields and bodies of knowledge, making this volume comprehensive and informative. Also, since the investigations
carried out were from all over Southeast Asia, comparisons of the ecosystems are possible. It is the wish of this project’s
collaborators that this information will lead to more collaborative efforts to confront and find solutions to the resource

management challenges facing the entire region.

Sapporo, March 2003
Mitsuru OSAKI

Editor-in-chief
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Remark by the Vice Chairman of the Indonesian Institute of Sciences
Dr. Suparka on:

The International Symposium on Land Management and Biodiversity
in Southeast Asia

Dr. Toshio Iwakuma, the representative of Hokkaido University

Dr. Seiichi Tokura, the representative of Kansai University

Mr. Nahson Taway, Vice Governor of Central Kalimantan

Mr. Adi Susmianto, the representative of Forest Protection and Nature Conservation,
Department of Forestry

Distinguished guests and researchers,
Ladies and gentlemen,

At first I would like to say, especially for foreign participants, welcome to Indonesia; and welcome to Bali for all of you.

It is indeed my great pleasure to reiterate welcoming address on behalf of The Indonesian Institute of Sciences to the
distinguished audience in the occasion of The International Symposium on Land Management and Biodiversity in
Southeast Asia.

This present international symposium is hosted jointly by The Research Center for Biology-Indonesian Institute of Sciences
and The Graduate School of Environmental Earth Sciences, Hokkaido University. Both institutions have been cooperated
in the research on biodiversity since 1997 under Japan Society for Promotion of Sciences (JSPS)-LIPI Core University
Program on: Environmental Management of Wetland Ecosystem in Southeast Asia. This cooperation will be lasted until
2006.

Distinguish guests
Ladies and gentlemen,

As we all may aware, Southeast Asia countries are included among the most important areas in the broad sense of land
management and biodiversity of the earthis subject. In these areas, enormous types of ecosystem and biodiversities are
harbored. Hence, any mismanagement on them will lead into environmental destruction and even biodiversity loss.

As an example, Indonesia only covers 1.3% of the total world land. However, it is remarkably accounted to possess about
17 % of the total living species on earth; about 11 % of flowering plants, 12 % of mammals, 15 % of the total reptile and
amphibian, 17 % of bird species, 37 % of fish species. And more important to remember is, many of these harbored
species are being categorized as the endemic species.

These natural resources have been utilized and managed as one of the main capital for the economic development.
However, in the last few decades, there are some indications of mismanagement of natural resources including its
biodiversities in the areas. These indications of the mismanagement are related with the acceleration of the economic
development.

Distinguish guests
Ladies and gentlemen,

Many areas of natural forests have been exploited for economic development and some others have been converted into
other purposes in a very spectacular rate, mostly for agricultural lands or plantations and settlements. Unfortunately,
many of them were unsuccessful and creating major land degradation and biodiversity loss.

Some signals on the mismanagement of natural resources and its biodiversity reflected on the degradation of environmental
quality, expansion of the number of degraded land, the increasing frequency of floods during the rainy season and forest
fire during the dry season.

It is still clear in our mind, the forest fire in 1997/1998. It burnt out about 9.5 million ha land and forest in Indonesia.
There were an enormous estimations on the economic value lost, but the estimation of the lost of biodiversity due to the
forest fire disaster in 1997/98, is still a big question mark.



Distinguish guests
Ladies and gentlemen,

That was just an example of the impacts of mismanagement on land and biodiversity, and we know that there are many
others. I am not going to explain them all here one by one, because we are now still facing many problems that arise as the
results of the mismanagement on natural resources and biodiversity

We have to be aware, that based on the present rate of natural forest conversion and destruction, it was estimated that
there will no more natural lowland forests remain in Sumatra Island on 2005 and in Kalimantan Island on 2010.

How do we concern about those threats?

Learning from those experiences, I believed that the topic of land management and biodiversity is an important issue to
be discussed.

At present, in this symposium, about hundred and fifty scientists are sitting together to discuss the problem we face on the
mismanagement of natural resources and its biodiversity. I do believe that all of you will result a fruitful discussion on the
subject within two days of symposium. I am also expecting that the results will be beneficial as the valuable input for the
decision makers in preparing policy for management of natural resources and biodiversity.

Distinguish guests
Ladies and gentlemen,

I would like to use this opportunity to express my gratitude to JSPS for its continuous support to the research on basic
sciences in Indonesia and for the financial support on this symposium. I also would like to extend my gratitude to BPPT,
CIMTROP, EUTROP, JICA and STRAPEAT for their kind support on this symposium.

And to Bogor Agriculture University, Palangkaraya University, Bandung Institute of Technology, Hokkaido Institute of
Technology, Hokkaido University of Education, Tokyo University of Agriculture and Technology, Kyoto University,
University of Shiga Prefecture, Kanazawa University, Kansai University, Tottori University and Kagoshima University
for the kindness cooperation in conducting research under LIPI-JSPS Core University Program.

My high appreciation also goes to all of scientists from over the world for their deep concern on the natural resources and
biodiversity of the Southeast Asia areas, especially Indonesia. I believe that your scientific findings will be a great input

for sustainable management of natural resources and biodiversity of the areas.

Distinguish guests
Ladies and gentlemen,

Allow me to conclude my speech by addressing gratitude and appreciation on behalf of the Indonesian Institute of
Sciences to our distinguished guests; those are all of you, for your great contributions, expertise, experience and idea on
the land management and biodiversity of the Southeast Asia areas.

Have a nice symposium

Thank you.
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It is my great honor to be with you here pertinent to the symposium in peatland management and biodiversity in South
East Asia. As the request by Dr. Arie Budiman, my note would focus on the existing condition at peatland in Indonesia,
threats, on the way activities, and recommendation related to the peatland management.

Distinguished participants, Ladies and Gentlemen,

It is currently estimated that peatland in Indonesia covers about 17 million ha which is mainly distributed in Sumatra,
Kalimantan and Papua. This represents over 70% of peatland area in Southeast Asia and about 50% of the worldis
tropical peatlands. It is also estimated that the remaining total peatland area in Indonesia has decreased from the original
peatland area of about 20 million ha (Silvius et a/, 1987). About 531,000 ha of peatlands in Indonesia have been used for
agriculture-based transmigration settlement and by local inhabitants. The use of peatland for cultivation of perennial/
estate crops such as coconut and oil palm is known to be considerably increasing since the last two decade. It is estimated
that up to 3 million ha of peatland has been converted or destroyed between 1987 to 2000. Due to development and
population pressure, severe degradation to peatland in Indonesia is likely to continue in coming years unless prompt
action is taken to safeguard these resource.

Ladies and Gentlemen,

For the illustration, In Sumatra approximately 4.6 million ha of remaining peatlands occur mainly along the east coast of
North Sumatra down to South Sumatra. Whereas in Kalimantan, peatland occupies about 3.5 million ha mainly on the
west coast of West Kalimantan, in the central part of

Central Kalimantan and some parts of East Kalimantan. In Papua, peatlands occur mostly on the south coast and some
fringes on the south-west coast with a total area of 8.7 million ha

It is unfortunate, however, during the forest fires in 1997/98 more than 1.45 million ha of peatlands in Indonesia (about
10% of the total peatland areas) were destroyed by fire or partially degraded. In the studies carried out by Asian Development
Bank, fires in the area of peat soils were identified as the major contributors (about 60% of particulates) to the smoke and
haze which enveloped some parts of Southeast Asia (Malaysia and Singapore).

Ladies and Gentlemen,

Indonesian peatlands have a broad range of values to the local communities, to the nation, as well as to the global
community. Peatlands are important sources of timber and non-timber forest products and also play a key role in the
hydrology of surrounding areas such as flood control, flow regulation, water supply and prevention of saline water
intrusion. In addition, they are globally significant as carbon storages and sinks, an highly important for conservation
of biodiversity.

Indonesian peatswamp forests have been recognized as an important reservoir of plant and relative high in the diversity
of tree species. More than 300 tree species have been recorded in swamp forests of Sumatra, some of which are becoming
increasingly rare. From Berbak National Park alone, already more than 160 tree species are known . Many of the plants
are restricted in distribution or endemic to this habitat. The peat forests of Indonesia provide many commercial timber
species including Ramin (Gonystylus bancanus), Jelutung (Dyera costulata), Meranti (Shorea spp.) These forests are
also home to many rare and endangered wildlife species such as Sumatran tiger (Panthera tigris sumatranus), tapir
(Tapirus indicus), Sumatran elephant (Elephas maximus sumatrensis), Javan rhino (Rhinoceros sondaicus) and Sumatran
rhino (Dicerorhinus sumatrensis) , orang utan (Pongo pygmaeus) and hundreds of bird species, including hornbills and
cassowaries. Black-water rivers (peatland rivers) in Indonesia are important fish habitats that often have a higher degree
of localized endemism than other rivers, and are important source of aquarium fishes.
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Indonesian peatlands are significant carbon storage and sinks. Estimate of the carbon content of Indonesiais peatlands,
based upon information on bulk density of different peat types, total areas, mean depths and percentage carbon content,
range from 16-39 billion tonnes. Calculation of the annual rate of carbon sequestration by peatland in Indonesia vary
from 10 - 93.4 million tonnes. If disturbed by drainage and fires, the carbon is released to the atmosphere contributing to
the greenhouse effect. If maintained in their natural state, carbon dioxide is incorporated as organic carbon into dying
biomass and stored in the peat moderating greenhouse gas emissions. Forest fire during 1997 and 1998 is estimated to
have released more than 750 million tones of carbon dioxide in which over 50% was as a result of combustion of peat,
making Indonesia as one of the highest carbon emitting countries in the world.

Ladies and Gentlemen,

Peatlands face the same threats as forest by massive loss of natural habitats due to changing land use and loss of
biodiversity through environmental damage and overexploitation of resources. For the illustration, the following are
development projects/ activities with significant change and negative impacts to peatlands and associated resources :

*  “One million hectare Mega Rice Field” Project, Central Kalimantan, started in 1995 and stopped in 1997. The
scheme aimed to establish irrigated rice fields on one million hectares of mainly peat soils.

* Integrated Swamp Development Project (ISDP) (Irrigation Department in Province of Riau, Jambi dan West
Kalimantan)

*  South Sumatra small-holder Tree Crop Development Project with hybrid coconut planting activities, since 1992
(Directorate General of Estate Crops with funds from IFAD (International Federation Agriculture Development)

Ladies and Gentlemen,

The Government of Indonesia is particularly concerned with the conservation of its natural resources and to ensure the
availability of the biological diversity for the welfare of the people. Indonesiais commitment to conservation is very
clear. Conservation needs concerted efforts and shared responsibilities and harmonized partnership between government,
scientific institutions, local community, and NGOis. Without these efforts and responsibilities, we may not be able to
achieve our goal of sustainable utilization.

In relation with peatlands, some activities in the terms of research, study and projects are underway. Some examples of

these activities include :

*  Carbon content measures of peat swamp forest areas, in Riau (by TNC-CIFOR)

*  Kalimantan Tropical Peat Swamp Forest Research Project (KALTROP), near Sebangau River in the Province of
Central Kalimantan (by Univ. Palangkaraya, Univ of Nottingham, Univ. Leicester and Univ. Hokkaido)

*  Research and development on the use of peat at Tropical Peat Research Centre (Purigatro), West Kalimantan, since
1991 (by BPPT-Pemda Kalbar joint research).

*  The Peat swamp laboratory project to assess the potential of Ramin (Gonistylus sp) in West Kalimantan, since 1989
(by Univ. Tanjungpura - Pontianak.

*  The Climate Change, Forests and Peatlands in Indonesia (CCFPI) project funded through the Canada Climate Change
Development Fund (CCCDF)-CIDA and jointly implemented by Wetlands International Indonesia Program and
Wildlife Habitat Canada. The project consists of a range of community-based and policy-level activities related to
the protection and rehabilitation of peat swamp forests and peatlands in Indonesia

Ladies and Gentlemen,

Finally, I would like to recommends further development and improvement of the management of peatlands mainly in
Indonesia as follows :

*  Assess the impact of management options on peat, such as undertake a review of the effect of agricultural
drainage/peatland conversion on greenhouse gas (GHG) emissions and biodiversity loss and future management
options to address these issues.

*  Identify site-specific impact of forest fire on the peat swamp forests.

*  Develop strategies and management plan for peat lands including the fire-damaged peat swamp forest area in
order to restore its ecological function and conserve biodiversity.

*  Initiate coordination among stakeholders involved in the management of peat swamp forest in Indonesia.

*  Review peat research activities carried out in Indonesia. Research should be directed towards applied research
that can be benefited to local people living within and surrounding the peat areas.

*  Enhance awareness and share information regarding the impact of peatland loss on biodiversity and climate
change.



Protect natural peatland systems. Control of drainage, fills, tree cutting, flooding and other threats to the peatlands
could, simultaneously, protect peatland carbon reserves in many circumstances and continued carbon accumulation
as well. Protection could also protect biodiversity and a broad range of additional functions such as flood storage
and conveyance, water quality protection, erosion and sediment control, and other functions.

Control of fires which can protect both the forest stands and the organic matter contained in peats. Fires are
considered to one of the major ways in which peatland carbon stores may be released especially in the tropics.
Protect low flows and residual water. Efforts by environmental agencies and organizations to protect the low
flows of rivers and other water bodies during dry seasons or droughts through “appropriation” of low flow
water rights, adoption of regulations or other techniques can prevent de-watering of peatlands which will lead to
release of carbon.

Protection of low flows and other residual water is also needed to maintain oxygen levels and to protect fish,
amphibians, and other aquatic organisms. Such efforts will be even more important for areas with increased
temperatures and decreased precipitation caused by climate change.

Blocking of drainage channels or install water control structures. The blocking of drainage channels may be one
of the most strategic management interventions as it will help reduce drawdown of water and associated oxidation
or burning of peat layers. The installation of water control structures on the outlets to peatlands could not only
help maintain water levels in peatlands, but protect carbon reservoirs and increase accumulation. However,
water control structures may also fragment peatland/aquatic systems and prevent seasonal fluctuations that may
be important to peatland plants and animals.

Plant trees, other vegetation. The planting of trees and other vegetation in peatlands where vegetation over has
been reduced might increase the above ground biomass and, in some instances, the litter and debris layer,
increasing the total carbon in peatlands. However, planting should only be of appropriate indigenous species to
avoid disturbance to the natural ecosystem.

Restore and enhance peatlands. Peatland enhancement and restoration (Kusler, 1990; Kentula, 1992) could
under certain conditions, enhance the carbon accumulation roles of some peatlands, restore the roles of others,
reduce oxidation and release of carbon from partially or wholly drained peatlands. For example, establishment
of water control structures in existing peatlands could maintain water levels and allow water level manipulation
in the event of summer temperature increases or reduced precipitation and reduce release of carbon. But,
stabilization of water levels may also create problems in some instances in terms of accelerated successional
sequences or changes in species composition.

Ladies and Gentlemen,

On this note, once again I wish all of you a successful symposium and pleasant stay in Bali.
Thank you.
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ABSTRACT

The tropical peat swamp forests of Southeast Asia are unique and valuable forest types. Because of the difficulty
of approaching the interior, these forests remained untouched for many years. In the last two decades, however,
development projects and forest fires have caused them serious damage. Drawing from my experience in Sumatra
and Borneo from the 1970s to the present, I describe here the original pattern of forests, development typologies,
and hazards. I also propose a new concept of ieco-resources” to promote better preservation and more healthy
forms of development. Eco-resources are richest and most diversified in the tropics; shifting to the higher latitudes,
they become simplified. As peat swamp forests represent the last frontier of unspoiled nature, a total understanding
of the relationship between human activities and nature is inevitably a central issue.

Key word: Sumatra, Borneo, peat swamp forest, Alan, development, eco-resources

INTRODUCTION

Tropical rain forests in Southeast Asia contain the worldis richest resources in terms of biomass and forest structure.
Mixed dipterocarp forests and peat swamp forests, in particular, are unique to this part of the world. Peat swamp forests
in Sumatra and Borneo are the forest type least touched by development because of the difficulty of access. But even in
these remote areas, a wave of development has reached the interior and various ecological problems have occurred in the
past two decades. In this paper, I describe the changing patterns of peat swamp forests in these areas according to my
experience on the sites and propose an alternative, possibly better, type of development based on the concept of eco-
resources management.

1) Sumatra, 1978
My first experience in peat swamp forests was in Sumatra in 1978. During a mangrove survey in south Sumatra, [ had a
chance to see three types of development in the swampy area of the Musi river basin (Yamada & Sukardjo 1979).

One was the large-scale development of the transmigration project in the major swampy area between Palembang
and Sunsang. The project used heavy machines to dig wide canals for drainage and irrigation. The original landscapes
were totally transformed into a very flat and devastated land. At the time, the canals were already experiencing problems,
causing the water flow to be suspended. The site managers told me they were well aware of the problems, but because it
was a government project, no one could stop it. Large-scale development has since proceeded rapidly, changing all the
peat swamp forest into cultivation areas.

The second type of development I saw was in the Bugis settlement in Pulau Rimau. The Bugis came from
Sulawesi to this part of Sumatra after the large trees were extracted in the early 1970s. They themselves cut the remaining
trees, dug small canals, and developed the area little by little. Paddy nurseries were established on the dikes or on the
floors of houses to escape damage by inundation. Rice was transplanted twice to ensure a better harvest. Peppers, sugar
cane, fruit trees, and coconut palms were planted on higher ground near tree stumps. Although the movement was very
slow, the homegrown development and cooperation of the Bugis villagers have changed the situation gradually; several
years later, coconut palms had grown big enough to bear fruit and sales of coconut provided the major income in the area.
Compared with the first type, this village-level development pattern seemed to adapt better to the difficult environmental
problems of peat swamp forests (Furukawa 1994).

The third type of development consisted of individual efforts to open up forest in order to cultivate land. This
kind of effort was usually in vain, as cultivators were unable to surmount the environmental challenges of the area. The
evidence found in south Sumatra in 1978 is summarized in Table 1.

2) Brunei Forests, 1982-86

Brunei is a small country located on the northwestern coast of Borneo island. Although the area is small, the forests of

this country were in fairly good condition because oil and gas production produced enough wealth to spare the forest.
To commemorate the independence of Brunei from the United Kingdom, international cooperation between

Brunei and Japan was inaugurated in 1984. The project was called the Forest Research Center Project and included basic



Table 1. Three types of development in the peat swamp forests in Sumatra in 1978.

Level Individual Household Village Company/Government
Scale Small Medium Large
People Individual Villager Company
Labour Single fighter Community work Mechanics
Budget None Small Big
Destruction Small Small Large
Local knowledge Enough Enough Poor
Sustainability Weak Fair Poor
Future Perspectives No Yes No
Ecological balance Bad Good Bad
Integration No Good No

o
n

Figure 1. Difference of canopy height of Alan bunga (2) and Alan batu (1).
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forest ecological research, afforestation, and genetic resources conservation.

At that time, I was working at the Kanto Forest Tree Breeding Institute, a research institution working for
genetic conservation and promotion of tree breeding in Japan. I was dispatched to Brunei from 1984 to 1986 to help
establish the cooperative project. During this time, I spent many days in the forests and made extensive surveys of
various forest types, of which the peat swamp forests were the most important.

As already reported by Anderson (1961), Brunei and Sarawak have splendid tropical peat swamp forests. The
most important species is Alan (Shorea albida), of which there are two important types. One is Alan bunga, a matured
pure forest type with a 70-90cm diameter and 50m height; the other is Alan batu, an over-matured forest type with a
diameter of at least 100-150cm and a height of 70m. As shown in Fig. 1, the canopy class is quite different in each. Alan
bunga has a uniform canopy projection, as shown in Fig. 2. The root system is very big, as shown in Fig. 3, and a pseudo-
forest floor is established on the upper surface of the rootmat. Leaves and fruits fall on this pseudo-forest floor and
decomposition occurs here. As shown in Table 2, the biomass of peat swamp forest types was as large as that of mixed
dipterocarp forests. (Yamada 1997)

Because the Alan bunga grow as a pure stand, most of this area became a target of harvesting. The method of
harvest, done by a contractor from Sarawak, was typical, using a small railway and the sliding sledge system. After
cutting one site, the rail was removed and set up again in a neighboring logging site. Natural regeneration of Alan is very
rare in the forest. The species is weakened by wind and attacks by insects called Ulat bulu and flowering intervals are
very long. In 1986, there was gregarious flowering in the Badas Peat swamp area of southern Brunei, but regeneration
did not succeed. A plantation trial for this species was conducted in Sarawak, where good growth was observed of 10cm
diameter in 10 years. Vegetative propagation in a mist box has proved quite successful. Good reforestation of Alan is one
of the most important targets for this area.

Beside Alan, many other species have good reforestation potential in peat swamp forests. Anderson (1961)
mentioned several candidates, as shown in Table 3. He also proposed preserving a series of peat swamp forest types and
a strict nature reserve. But there are not many locations where we can find a series of each peat swamp forest type. In the
Badas peat swamp area, the series was in good condition in the 1980s; it is doubtful whether it is still intact. Even in
Brunei, the pressure of private sector logging interests is very high.

In the 1960s and 1970s, peat area studies advanced greatly in Sarawak, leading many scientists to agree that it
is better not to develop the deeper peat areas, but to keep it as forest (Tropical Agriculture Research Center 1980).

3) Disasters in the late 1990s in Kalimantan

In 1998, 1 joined the IITO Forest Fire Prevention Mission to survey conditions in Kalimantan and Sarawak. This mission,
organized by IITO Head Quarters in Yokohama, included specialists from India, Nepal, Germany, and Japan. We conducted
intensive interviews and observations in the areas studied and found the damaged forest to have many critical problems
in the wake of the fires. The forest fires first occurred on a huge scale in 1983 in east Kalimantan where 3 million ha of
forest burned. Subsequently, several large fires occurred every 3 to 4 years; the fire in 1997 was especially severe in the
peat swamp forest.

Simultaneously, a large-scale development project in central Kalimantan, called the “Mega Rice Project,”
started to open up large areas for cultivation. For this purpose, large canals were dug and new transmigrants were sent to
the area. As is widely known, this project failed, mainly due to badly designed canal construction.

But other factors kept up the pressure. Large-scale fires spread into the peat area and burned the remaining
forest (Guhardja et al 1993). Local autonomy became the dominant trend following the fall of President Suharto, allowing
more people access to logging more freely than before. As we conducted surveys in the years 1999 to 2001, we found the
effects of these combined factors causing the forests to become more and more degraded.

4) The concept of eco-resources: toward a harmonious life in the future

Bio-science has become an advanced discipline in recent years, and the term “bio-resources” has become very common.
As currently used, however, the concept does not include the whole ecosystem in which bio-resources live. Lack of
understanding of ecosystems and wide-scale, speedy extraction of these resources has left primary forests devastated in
many parts of the world. Obviously, bio-resources will not survive in the absence of suitable environmental conditions
in particular ecosystems, but this simple argument has been ignored in the last two decades. If this trend continues, our
bio-resources will be seriously threatened with extinction in the near future.

In contrast to this model of extraction and degradation, there are still many minority groups living in the deep
forests in Southeast Asia who live daily life in a sustainable manner and with a deep understanding of the natural
environment (Rousseau 2000, Sellato 1994). The concept of “eco-resources” emerged from their example and from my
research experience in many parts of the world. The general concept is shown in Fig. 4. 1 divide eco-resources into three
broad categories. First are the fundamental resources of atmosphere, soil, and water which form our earth. Second are
the so-called bio-resources. Third are eco-human resources, the most important part of eco-resources.

In this category, I include the life resources of agriculture, forestry and fishery. More important are anthropogenic
factors such as culture, religion, healing, play, and so forth. Such cultural elements had been excluded from the nature
preservation concept for many years, but recent trends have been dramatically changing.



Table 2. Summarized forest biomass in major forest types in Brunei.

FOREST TYPE PLOT SIZE No./ha B.A./ha g??it B b
() (n) il (m) (cn)
Agathis 100x 50 610 384 33 470 927
Alan batu 100x 50 522 42.6 24 575 140.0
Alan bunga 100X 50 310 434 22 515 %96.6
Alan 50 x50 400 50.7 14 51.0 80.5
Padang alan 50x 50 872 39.7 17 435 635
Alan padang 50x 50 744 345 10 330 460
Ulat bulu 50x 50 1172 326 26 305 46.5
Mixed peat swamp (1) 50X 50 828 36.5 41 36.0 733
Mixed peat swamp (2) 100 100 645 339 58 47.0 140.0
Mixed dipterocarp 100x 100 736 49.4 174 500 1140
Kapor paya 50% 50 884 367 28 _ 335 475

Figure 2. Crown projection of Alan bunga forest
type in Brunei.
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Figure 3. Large root system of Alan batu
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Play
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Eco Resources Eco-Human Resources Eco-Cultural Resource Eco Cultural Area
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Fishery
Life Resource Forestry
Agriculture
C::::Hydrosphere
Eco Environment Resources-\\\\\\Terrestrjaj
Atomosphere
Figure 4. Concept of eco-resources
Nation Local area River Forest type Major species NTFP
Mangrove Rhizophora sp. Shrimp
Charcoal
Temburong—Temburong R. : Mixed Dipterocarp Shorea spp. Aloeswood
i Rattan
Montane Agathis Aloeswood
Brunei
Freshwater swamp Alstonia sp. Sago
Badas Belait R. Peat swamp Shorea albida Damar
Gonystylus bancanus
Mixed Dipterocarp Shorea spp. Aloeswood
Rattan

Figure 5. Eco resources chart in Brunei. Only forest related
matters are figured.
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Area Forest Type Depth of Peat Land Use
Mixed Peat Swamp —— Shallow Peat 2m> ———— Agricultural Land (Paddy, Coco & Oil palm)
Alan batu Conservation
Sarawak Alan bunga Various depth of Peat Natural Regeneration
Brunei Padang Enrichment Planting
Reforestation
Peat Swamp Forests Padang Keruntum———— Deep Peat Protected Forest
Paddy
Kalimantan Mixed Peat Swamp 2m> Agi. Landuse Cocopalm
Sumahi//::;rpmhng \\\\\\\ Oil paim
2m<{ ——————— Protected Forest

Figure 6. Eco-resources chart for the peat swamp forests in Borneo and Sumatra. Forest types, depth of

peat and possible land use.

Table 3. Candidate species for the reforestation of peat swamp forest by Anderson (1961)

Preferred species:
Ramin
Jongkong
Meranti lop
Meranti lilin
Meranti buaya
Meranti paya
Kapur paya
Sepetir paya

Semayor

Acceptable species:
Jelutong
Perupok

Durian burong

(Gonystylus bancanus)
(Dactylocladus stenostachys)
(Shorea scabrida)

(Shorea teysmanniana)

(Shorea rugosa var. uliginosa)
(Shorea platycarpa)
(Dryobalanops rappa)
(Copaifera palustris)

(Shorea inaequilateralis)

(Dyvera lowir)
(ZLophopetalum multinervium)
(

Durio carinatus)

Geronggang paya (Cratoxylon arborescens)

Geronggang padang (Cratoxylon glaucum)

Bintangor
Terentang

(Calophy!lum spp.)

(Campnosperma coriacea)
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For instance, religion has emerged as an important factor in protecting the forest in many Buddhist countries
(Siam Society 1989). Minority group traditions of preserving certain forests near their village as sacred places are also
being recognized. And eco- tourism has become more and more attractive as people seek to spend time in natural sites to
heal themselves from their exhausting life in the city (Fennell 1999, Yamada 2002).

This trend is completely different from the bio-resources concept we know so far. Production is not important
here because what we are seeking is unspoiled nature, not the extraction of bio-resources. The role of the forest has been
changed from a source of resources to a preserver of harmonious pure nature. And this trend should be accelerated
quickly because the pressure to destroy nature is ever more intense. What remains of pure nature will have elevated
importance and value in the future. As shown in Fig. 4, it is important to include the whole ecosystem as well as the
cultural and mental elements of human activities.

To see the concept of eco-resources in a particular area, Fig. 5 shows the concrete example of Brunei. This is
one example of a small area. Accumulating these data in many parts of the world, we can arrive at a broad view of the
worldis eco-resources and identify the fundamental principles of eco-resources as follows:

(1) Eco-resources are basically sustainable resources if no severe disturbance occurs. Once disturbed, however,
the cost of recovery is very high.

(2) The most highly diversified and rich eco-resources are found in the tropics. As we move toward the polar
regions, eco-resources become uniform and show centralized distribution.

(3) The most fundamental types of eco-resources are found in primary nature, the opposite of which is the city.

(4) Anthropogenic factors are essential to the eco-resources concept in order to understand the relationship
between humans and nature.

Looking back on the history of the earth, we see that human beings have been destroying nature for thousands
of years. And some of the most severe destruction is ongoing in the peat swamp areas of Southeast Asia. Activities to
date in Sumatra and Borneo have mostly destroyed the original system of nature and threaten the lives of people living in
and around these areas. These are extremely wasteful activities because the original peat swamp forests were unique and
among the most valuable eco-resources in the world.

This should not be disregarded: rehabilitation and protection of what remains is possible. Fig. 6 shows a
tentative idea for land use according to peat depth. The integration of many disciplines will be necessary, but I believe
that seeking a harmonious relationship between humans and nature in peat swamp areas is a most urgent task.
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ABSTRACT

It is known that the tropical pastures or grasses; Arachis pintoi, Brachiaria ruziziensis, Panicum maximum, Panicum
repensi, Pueraria phaseoloides, and Stylosanthes hamata, and the tropical trees; Acacia mangium, Anacardium
occidentale, Hevea brasiliensis, and Melaleuca cajuputi adapt well to acid soils which are low phosphorus (P) and
high aluminum (Al). In this study, top soils and sub soils of the highly weathered soils in peninsular Thailand were
collected for chemical analysis and phosphorus fractionation, and the adaptive mechanisms of these plants were
examined from the aspect of phosphorus utilization efficiency and root exudation of organic acids and acid
phosphatase by culturing of plant seedling in complete, deficient phosphorus (-P), high Aluminum (+Al), and
deficient P and high Al (-P+Al) solutions. It showed that both available and total P were low, and organic P was the
main fraction. Fe-P and Al-P were the dominant inorganic P sources in these soils. The secretion of acid phosphatase
increased distinctly in -P treatment only from roots of Stylosanthes hamata. Tropical trees that adapt well to these
soils were able to secrete oxalic and citric acids to acquire P by the solubilization of Fe-P and Al-P. Whereas,
tropical pastures or grasses showed the high P utilization efficiency and high root-shoot ratio by P deficiency.

Key words: P forms, acid soils, acid phosphatase, Al tolerance, P tolerance, organic acids, P utilization efficiency, P
acquisition, tropical plants

INTRODUCTION

Acids soils are recognized as Ultisols and Oxisols which widely distribute in the tropical upland. In Southeast Asia, it has
been estimated that these soils cover about 212 million ha, or just over 50% of the total land area. In the South of
Thailand, they occupy over 3.5 million ha, or 68% of the total cultivated area (Thainugul and Sinthurahas, 1977). These
soils contain a large amount of aluminum (Al) which is readily precipitated as the highly insoluble Al-phosphates.
Consequently, P deficiency and Al toxicity are major limiting factors for crop production and often appear together in the
highly weathered acid soils (Foth and Ellis, 1997). Plants, however, differ greatly in their tolerance of this condition
(Hedley et al., 1994; Otani and Ae, 1996; Subbarao et al., 1997a, b). In low available P soils, adaptive plants improve P
utilization, allowing high yield per unit P in plant, and improve P acquisition, allowing P greater extraction from soils
(Hedley et al., 1994; Rao et al., 1999). It was reported that the secretion of organic acids by roots is not only the mechanism
in plants for P acquisition but also the mechanism for Al tolerance. Malic acid secreted from wheat roots created an Al
resistance mechanism (Ryan et al., 1995), and citric acid secreted from Cassia tora L. roots in response to Al created Al
tolerance (Ma et al., 1997). Recently, it was documented that the secretion of oxalic acid from taro roots was stimulated
by excess Al, not by P deficiency (Ma and Miyasaka, 1998). Moreover, application of citric and oxalic acid to highly
weathered soils increased the release of P (Fox et al., 1990; Onthong et al., 1999)

Previous reports (Osaki et al., 1997; Watanabe et al., 1997, 1998) have elucidated that tropical plants, which
have adapted to low pH soils, have a tolerance to Al, or show growth stimulated by Al. In low pH soils, P forms compounds
with Al or Fe, then P becomes unavailable to plants. It was expected that tropical plants have a tolerant ability to the low
P and high Al soils, and this ability was achieved through root exudation. Recently, it was noted that inorganic P that is
freely available to plants, inorganic P associated with positively-charged oxide surfaces and apatite-like P in the rhizosphere
of external P efficient tea clones were more greatly depleted than that in the less efficient tea clones (Zoysa et al., 1999).
However, adaptation of tropical plants widely found in acid soils in the south of Thailand is not fully understood. To
elucidate the adaptive mechanisms of tropical plants to acid soils, it was investigated on (i) the chemical properties and
phosphorus status of highly weathered acid soils (ii) the capability of tropical plants to exudate organic acids and acid
phosphatase, and (iii) the P acquisition in the rhizosphere of tropical trees.

MATERIALS AND METHODS

Chemical properties and phosphorus status of highly weathered soils:

Top soils and sub soils of two dominant soil series; Kohong (Typic Paleudults; Coarse-loamy siliceous) and Hat Yai
(Typic Paleudults; Clayey-skeletal, kaolinitic) in southern peninsular Thailand, were collected for soil chemical analysis.
The soil properties were determined as follows: soil pH in 1 M KCIl (1:5), organic matter (Walkley and Black method;
Allison 1965), exchangeable aluminum (1 M KCI, atomic absorption spectrophotometry; Shimadzu, AA-6200),
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exchangeable K, Ca, Mg, and Na (1 M ammonium acetate pH 7, atomic absorption spectrophotometry (Shimadzu,
AA6400F) for Ca and Mg, and atomic emission spectrophotometry (Shimadzu, AA6400F) for K and Na). The
concentrations of available P (Bray and Kurtz, 1945), orginic P (Olsen and Sommers, 1982) and total P (HNO,-HCIO,
digestion) were determined (Molybdenum blue method). P forms (Ca-P, Al-P and Fe-P) in soils were fractionated using
a modification of the Sekiya (1983) method.

The response of tropical plants to low phosphorus and high aluminum condition:

Seedlings the tropical pastures or grasses; Arachis pintoi, Brachiaria ruziziensis, Panicum maximum, Panicum repensi,
Pueraria phaseoloides, and Stylosanthes hamata, and the tropical trees; Acacia mangium, Anacardium occidentale,
Hevea brasiliensis, and Melaleuca cajuputi were cultured in the complete nutrient solution (Watanabe et al., 1997). After
2-4 weeks of pre-culturing in this solution (culturing time depended on plant species), the seedlings were transferred into
one of the following solutions: (i) control (complete nutrient solution containing 1 mg P L"), (ii) -P (complete solution
without P), (iii) +Al (complete nutrient solution with 10 mg Al L' as aluminum sulphate), and (iv) -P+Al. At two weeks
after treatment application, root exudates were collected by immersing roots into 0.1 mM CaCl,} 2H O solution for 24
hours under continuously aeration. The solution was concentrated for analysis of organic acids (oxalic, citric, malonic,
succinic, tartaric acid, and so on) using a capillary ion analyzer (CIA, Waters). To measure the activity of acid phosphatase
and phytase, it was conducted according to the method reported by Li et al. (1997b). Root and shoot dry weights were
measured separately. The nutrient concentrations in the shoots and roots were analyzed after digestion of 100 mg of dried
and ground samples using H,SO,-H,O,. Nitrogen was determined by the semi-micro Kjeldahl method, phosphorus by the
vanado-molybdate yellow method, potassium and sodium by atomic emission spectrophotometry (Shimadzu AA6400F),
and calcium, magnesium, and aluminum by atomic absorption spectrophotometry (Shimadzu AA6400F for Ca and Mg,
and Shimadzu AA-6200 for Al).

Phosphorus utilization in rhizosphere of tropical trees:

Acacia mangium which secreted a large amount of citric acid was cultivated in a rhizobox containing three zones, a root
zone with perlite, a rhizosphere zone with Hat Yai soil (consisting of four subzones: 0-0.5, 0.5-1, 1.0-1.5 and 1.5-2.0 mm
from the root zone), and a bulk zone with Hy soil as the method of Youssef and Chino (1988). The experiment was
replicated 3 times. During the experimental period, soil moisture in the rhizobox was kept at field capacity. After 2 weeks
of planting, only 3 seedlings of plants were left to grow until 4 months. At the end of the experiment, all the compartments
were dismantled, and soil in each compartment was carefully collected. The concentrations of available P and P forms in
soils were also measured.

RESULTS

Chemical properties and phosphorus status of soils:

The highly weathered soils widely distributed in peninsular Thailand were acidic, and the concentration of exchangeable
Al was high (Table 1). Phosphorus fertility of the Hat Yai (Hy) and Kohong (Kh) soils was low because the concentrations
of available P (1-3.5 mg kg') and total P (35-162 mg kg!) of the surface soil were low. The Hy soil, with a finer texture,
contained a higher level of total P (145-162 mg kg™') than the Kh soil (35-43 mg kg™'). The concentrations of exchangeable
Ca, Mg, Na and K were also low.

Most of P in the Hy and Kh soils consisted of organic P (Figure 1) whose content decreased with the soil depth, while the
content of occluded P, next in proportion, increased according to the soil depth. Calcium phosphate (Ca-P) accounted for

Table 1 Chemical properties of Kohong (Kh) and HatYai (Hy) soil series

Kh soil series Hy soil series
Properties

Top soil Sub soil Top soil Sub soil
pH (soil :1 MKCI=1:5) 4.18 4.25 4.49 4.16
Organic matter (g kg 9.39 5.62 22.26 10.29
Exchageable Al (cmol kg™) 0.75 0.79 0.24 135
Available P (mgkg") 3.53 2.24 2.17 1.04
Total P (mgkg") 43.51 3523 162.20 145.39
Exchageable Ca (cmol, kg™ 0.09 0.03 3.25 1.46
Exchageable Mg (cmol, kg™) 0.07 0.03 0.52 0.18
Exchageable Na (cmol, kg™) 0.02 0.01 0.04 0.04
Exchageable K (cmol, kg") 0.03 0.02 0.07 0.04

only a small proportion, and the amounts of aluminum phosphate (Al-P) and iron phosphate (Fe-P) were larger.

The responses of tropical plants to low P and high Al condition:
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Figure 1. Distribution of P froms in Kohong and Hat Yai soil series
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Figure 2. Effect of P and Al treatments on plant dry weight (the number over the bar
represent root:shoot ratio). Bars ( ) indicate + standard error

The shoot dry weight of plants decreased remarkably in -P treatment and decreased further in -P+Al treatment, except in
Panicum repensi and Arachis pintoi. However, root dry weight was slightly effected by -P treatment. Therefore, under P
deficient condition, root-shoot ratio was increased obviosly (Figure 2).

The P concentrations both in shoot and roots of plants cultivated in -P and -P+Al treatment became obviously
lower than that in the control and +Al treatment groups (Table 2). The P deficient condition also tended to reduce the
concentration of K, Ca (except in the case of M. cajuputi), and Mg in almost all plants, and this effect was more clearly
in plants cultured in the -P+Al solution. However, no effect of P on the concentration of N was clearly observed. Plants
cultivated in the +Al and -P+Al treatment accumulated Al mostly in roots, though shoots of S. hamata, P. repensi, P.
maximum, and A. occidentale also showed Al accumulation. Phosphorus utilization efficiency of plants which is defined
as dry weight production per unit P in plant increased remarkably in -P treatment compare with the control, especially in
tropical grasses (Table 3).

In most of tropical grasses and legumes, root exudation of organic acids was not found. However, in tropical
trees, it was clearly observed. Citric acid exudation was stimulated by +Al in 4. mangium, oxalic acid by -P in 4.
occidentale and oxalic acid by +Al in H. brasiliensis (Table 4). The secretion of acid phosphatase increased distinctly in
-P treatment only from roots of S. hamata (Figure 3). For the secretion of phytase, it was non-detectable in all plants.

Phosphorus acquisition in the rhizosphere:

The concentration of available P in the rhizosphere zones was slightly changes. In contrast, the concentration of Fe-P in
the rhizosphere zone next to the root zone decreased obviously. The concentration of exchangeable Al in the rhizosphere
zones decreased with increasing proximity to the root zone (Figure 4).

DISCUSSION
Chemical properties and phosphorus status in highly weathered soils:
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Table 2 Effect of P and Al treatments on nutrient concentration (g kg') in shoot and roots of plants

Shoot Root
Plant species Treatment N P K Ca Mg Al N P K Ca Mg Al
Brachiaria ruziziensis Control 47 14.57 45 1.09 3.79 Trace 35 8.66 23 0.21 3.12 Trace
-P 50 0.85 20 1.20 3.12 Trace 25 0.84 21 0.22 2.33 Trace
+Al 48 9.35 45 0.40 2.79 Trace 34 9.49 26 023 253 5.36
-P+Al 48 0.73 21 0.77 227 Trace 27 0.80 25 0.18 1.82 3.50
Panicum maximum Control 38 10.59 42 233 3.60 Trace 39 5.84 26 132 431 0.80
-P 34 0.96 31 L79 255 0.15 27 1.03 25 0.98 1.96 0.68
AL 37 8.78 24 122 241 0.26 32 6.12 18 1.22 247 5.69
-P+Al 32 0.89 33 141 1.79 0.29 22 1.00 11 0.96 0.98 4.29
Panicum repensi Control 29 8.32 26 1.61 1.95 Trace 14 8.04 21 0.59 2.34 0.76
-P 25 0.76 23 1.28 173 Trace 19 0.83 29 0.69 3.75 1.09
+Al 28 10.32 27 1.14 1.97 0.22 17 11.03 26 0.60 2.20 4.10
-P+Al 23 0.63 23 1.05 147 0.23 18 0.69 28 0.64 225 245
Arachis pintoi Control 51 9.89 36 2.76 4.28 Trace 42 16.22 33 042 5.69 Trace
-P 47 283 30 274 4.44 Trace 40 2.09 35 0.53 252 Trace
+Al 53 1231 36 1.64 3.90 Trace 41 2179 29 0.20 3.59 4.46
-P+Al 49 246 27 1.65 3.75 Trace 39 240 30 046 145 2.94
Pueraria phaseoloides Control 42 5.82 27 4.85 3.69 Trace 41 7.54 46 1.53 4.60 Trace
-P 47 142 13 4.76 475 Trace 47 1.78 33 1.56 250 0.04
+Al 46 634 32 292 3.04 Trace 41 8.70 29 1.58 3.57 2.74
-P+Al 44 1.24 16 346 348 Trace 40 2.04 19 1.66 2.27 2.19
Stylosanthes hamata Control 22 8.03 24 5.25 3.70 Trace 23 9.78 29 0.89 1.51 0.11
-P 25 0.83 21 327 2.84 Trace 25 0.88 19 1.26 0.92 Trace
a\l 18 6.68 24 1.92 2.71 0.13 24 9.88 17 0.86 1.07 3.75
-P+Al 25 0.74 21 2.25 2.48 0.30 23 0.89 19 0.98 0.87 2.81
Acacia mangium Control 40 3.57 17 047 3.75 Trace 37 728 29 0.26 6.34 0.03
-P 34 0.67 14 055 324 Trace 25 0.90 20 029 483 039
+Al 41 348 19 047 3.65 0.04 34 6.16 30 034 6.81 2.76
-P+Al 31 0.65 14 049 3.60 0.52 23 0.78 22 0.22 2386 2.09
Anacardium occidentale Control 33 5.88 15 2.15 257 0.07 23 422 21 1.07 1.84 0.23
-P 26 294 17 1.50 1.90 021 17 212 22 127 1.58 0.71
+Al 24 4.69 12 1.02 2.18 0.27 16 4.06 16 0.52 1.36 4.38
-P+Al 41 337 20 0.81 2.09 0.66 21 2.19 25 045 1.24 3.72
Hevea brasiliensis Control 21 4.93 17 4.16 234 Trace 21 6.36 25 122 1.98 0.14
-P 23 3.63 16 3.63 2.26 Trace 20 328 22 1.33 1.99 0.20
+Al 18 4.86 17 3.18 227 Trace 16 6.13 16 0.84 1.62 129
-P+Al 26 3.62 16 3.07 249 Trace 24 347 25 0.83 1.98 143
Melaleuca cajuputi Control 37 3.06 15 0.64 5.89 Trace 20 5.67 17 0.18 1.60 0.17
-P 24 0.81 14 112 6.68 Trace 13 0.91 17 0.28 1.84 0.17
+Al 31 291 15 0.77 5.57 Trace 17 4.00 18 0.28 1.63 2.67
-P+Al 20 0.66 15 0.92 5.26 Trace 13 0.87 19 0.26 1.50 3.14

Values are means of 3 replicates.

0.5 4

umole p-NP min™ g dry weight

Control -P + Al -P+ Al

Figure 3. Effect of P and Al treatments on activity of secreted acid phosphatease
(mmole r-NP min-! g'l root dry weight ) from root. Values are means of 3 repli-
cates + standard error

The highly weathered acid soils predominant in peninsular Thailand are infertile (Table 1). The Hy and Kh soils were
acidic. The concentrations of exchangeable Al were higher in the subsoil than those in topsoil. This causes aluminum
toxicity which commonly appears together with P deficiency in tropical acid soils (Foth and Ellis, 1997). Acids soils
contain a large amount of aluminum (Al) and iron (Fe), and thus available P is readily precipitated as the highly insoluble
Fe- or Al-phosphates which are poor sources of phosphorus for higher plants (Steveson, 1986). It was summarized that
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Table 3 Effect of P and Al treatments on P utilization efficiency (gdry weight g' P) of plants.

| Plant species
5 3
2 3
g = % 5 5 2 K
g g § ) g £ P e N 5 3
£ g 5 = 3 = £ g H § §
o 3 g g I B3 13 = = S 3
- 3 = = 3 § g 3 g 3 3
N 3 3 g 2 = 3 g2 8 3
< < < = < & < < IS =
control 7742 10242 12247 88+1 165+4 11943 22243 201432 286+18 28110
-P 120796 102343 128644 28344 65145 1186+30 1362457 36315 431229 1006+194
+Al 107+4 12143 9643 68+1 148+7 13545 23946 22043 290420 32043
-P+Al 1331455 108747 1587+158 413422 670+24 1271429 1454+56 327422 426+28 1346+125
Values are means of 3 replicates + standard error.
Table 4 Effec of P and Al treatments on organic acid exudation from roots and organic acid concentration in fresh roots
Root exudation (nmole g” oot dry wt.) Concentration in roots (nmole g root fresh wt)
Plant species Treatment Oxalic Citric Oxalic Citric Succinic Tartaric Malonic
Brachiaria ruziziensis Control ND ND 19713 7931277 ND ND ND
P ND ND 145416 768+101 ND ND ND
+AI ND ND 181143 10042163 ND ND ND
-P+Al ND ND 182436 8794253 ND ND ND
Panicum maximum Control ND ND 328417 29331 338+19 ND ND
P ND ND 39543 38842 36645 ND ND
+Al ND ND 40241 637412 3769 ND ND
-P+Al ND ND 43149 929435 37249 ND ND
Panicum repensi Control ND ND 538410 484314 ND ND ND
P ND ND ND ND ND ND ND
+AI ND ND ND ND ND ND ND
-P+AL ND ND 79044 669429 ND ND ND
Arachis pintoi Control ND ND 51748 835+12 ND ND ND
P ND ND 54247 75816 1310494 10312101 ND
+Al ND 47846 460+0 35843 ND ND ND
-P+AL ND 1764263 65019 52118 1424280 123624 ND
Pueraria phaseoloides Control ND ND 463423 213347 ND ND 707438
P 8111 ND 832472 254424 10£1 ND 1185294
+Al ND ND 64056 240181 ND ND 78345
-P+AL 8944 ND 8924132 322455 1141 ND 14654428
Acacia mangium Control 2845 58£17 11216 45416 ND ND ND
P 5749 73£10 110£9 830251 ND ND ND
+AI 42£12 15431 12243 1029£53 ND ND ND
-P+Al 74£12 26840 11644 11482251 ND ND ND
Anacardium occidentale Control 615225 ND 2865+590 5345£73 ND ND ND
-P 15594371 ND 26514314 49124136 ND ND ND
+AL 653+146 ND 28544656 4274436 ND ND ND
-P+Al 2200+477 ND 3119471 6941£1104 ND ND ND
Hevea brasiliensis Control 558+161 ND 864433 1228+136 ND ND ND
P ND ND 1153+44 19374220 ND ND ND
+AI 1263+323 ND 1064+124 2083+262 ND ND ND
-P+AL 1687+62 ND 1098+1 239348 ND ND ND
Melaleuca cajuputi Control 106+16 ND 345148 319+2 ND ND ND
P 132+1 ND 4558+52 1007+36 ND ND ND
+A1 269+36 ND 2564+76 813+119 ND ND ND
-P+AL 137+44 ND 5711+680 1180+5 ND ND ND

Values are means of 3 replicates & standard error.

ND = non-detectable

* As S. hamata contained sticky gel-like compounds which interfere to detect organic acids, organic acids were not determined in S. hamata .

chemical properties of the Ultisols are poor. They are commonly acidic with the low cation exchange capacity and low

content of exchangeable bases and organic matter, but the exchangeable Al is often high (Kheoruenromne, 1990).

The concentrations of total P in the top soil of the Hy and Kh soils were 162 and 43 mg kg'!, respectively (Table 1), while
the amount of total P in natural soils is generally 50 to over 1000 mg kg (Foth and Ellis, 1997). According to the P
fractionation (Figure 1), the concentration of Ca-P, which is considered to be easily available to crops, in the surface of
these soils was very low (2-3 mg kg™'); thus this fraction can not supply adequate P for crops. The major inorganic forms
of P in these soils were Fe-P and Al-P. Although these forms were widely expected that they can be solubilized due to the
complex formation with secreted organic acids from plant roots, resulting the release of P which is available to plants
(Bolan et al., 1994; Marschner, 1995; Stauton and Leprince, 1996; Kirk et al., 1999; Neumann and Romheld, 1999; Roa
etal., 1999; Zoysa et al., 1999), the amount of both fraction (about 5-10 mg kg')was only slightly greater than that of Ca-
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Figure 4. Concentration of available P, Fe-P and exchangeable Al in the rhizophere soil.

Tropical grasses : improve P utilization efficiency
and increase root-shoot ratio

Tropical trees : improve P acquisition and detoxify
Al by exudation of citric and oxalic
acids from roots
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Fe-citrate or oxalate
Available P Al-citrate or oxalate

Figure 5. Adptive mechanisms of tropical plants to acid soil.

P. The main fraction of P in these soils was organic P (100 and 29 mg kg') which account to about 70 and 60% of the total
P in the top soil of the Hy and Kh soils, respectively. Therefore, organic P in the top soil may play an important role as
the P source for plants. Recently, it was found that both inorganic and organic P in highly weathered soils can be extracted
by the addition of citric or oxalic acid (Onthong et al., 1999). It has also been concluded that organic P in nonfertilizered
Ultisols is the primary source of plant available P (Beck and Sanchez, 1994; Linquist et al., 1997). It was calculated that
up to 75% of the P uptake of Norway spruce may be derived from the organic P fraction (Firsching and Claassen, 1996).
However, the organic P is normally unavailable to plants unless the phosphatase or phytase secreted from plant roots or
produced by microorganisms hydrolyze it and liberates orthophosphate which is available to plants. It was documented
that the activity of acid phosphatase and phytase in some plants was increased under P deficient condition (Tadano et al.,
1993; Li et al., 1997b), and it was also reported that the increase of acid phosphatase activity induced an appreciable
depletion of organic P in the rhizosphere of lupin (Li et al., 1997a). Therefore, plants that secrete the enzyme contributing
in P mineralization are able to acquire sufficient P even the native of available P in soils of this region is low.

Adaptation of tropical plants to acid soils:

The total dry weight of B. ruziziensis, P. phaseloides, S. hamata, P. maximum, A. mangium, and M. cajuputi grown in -
P treatment and in -P+Al treatment became drastically lower than that in the control (Figure 2). However, symptoms of
P deficiency were not observed, though the P concentration in the shoot was found to be very low (Table 2). On the
contrary, the total dry weight of P. repensi increased even when the P concentration in the shoot became very low (0.76
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g kg"), indicating that this plant has a tolerance to very low P concentration in tissue; the mechanism that enables growth
under low P condition needs to be further investigated. On the other hand, -P treatment had no effect on the dry weight of
A. pintoi, A. occidentale, and H. brasiliensis, assuming that P accumulated during pre-culturing (2.8-3.6 g kg') was
sufficient for growth after P elimination. The dry weight of 4. occidentale cultivated in -P+Al treatment was much lower
than that in the control, probably due to the concentration of high Al and low Ca in the shoot (Table 2).

A. pintoi, B. ruziziensis, and P. repensi cultivated in +Al treatment grew slightly better than the control, because
the uptake of N (except in the case of P. repensi) and P (except in the case of B. ruziziensis) was stimulated by Al
application (Table 2). This effect is consistent with the findings in a study of the beneficial effect of Al on the growth of
plants adapted to low pH soils (Osaki et al., 1997). It has also been reported that Melastoma malabathricum and M.
cajuputi can only slightly absorb N and P without Al (Osaki et al., 1998). On the other hand, Al inhibited the uptake of Ca
and Mg in all plants used in this study, as was found in Melastoma malabathricum (Osaki et al., 1997). However, because
Ca and Mg concentration in tissue is higher than deficient level, Ca and Mg competition with Al is not the main factor to
reduce plant growth in this current study.

A. pintoi, B. ruziziensis, P. phaseoloides, H. brasiliensis, A. mangium, and M. cajuputi cultured in +Al and -P+Al
treatment accumulated Al only in roots, though the other plants also accumulated a small amount of Al in the shoot.
However, accumulation of Al did not effect plant growth (Figure 2), possibly due to the chelating ability of organic acids
from or in roots (Table 2) with Al.

When tropical plants were grown in low P and high Al conditions, P utilization efficiency, which was expressed as
dry weight per unit P in plant, was commonly increased in all plants investigated (Table 3), particular in grasses. This
finding supports the fact that ruzigrass (B. ruziziensis) is widely cultivated in P deficient tropical soils distributed in
Thailand without fertilizer in agronomical practice (Masuda et al., 1997). The ability of efficient P utilization is strongly
beneficial for plants to grow in the regions that both available and total P are low as commonly found in the south of
Thailand. Thus, species and varieties with high efficient P utilization should be investigated in this region. However, the
higher phosphorus utilization efficiency (PUE) is, the lower P concentration is. Therefore, care should betaken; otherwise
high PUE forage plants may induce malnutrition of animals.

In soils with low available P, plants can also increase P uptake by the abilities as follow: (i) to develop long,
fine hairy roots in soil zone containing plant-available P, (ii) to solubilize soil inorganic P through the pH change or the
release of organic acids which act as the chelating agents, and (iii) to utilize soil organic P through the release of phosphatase
or phytase (Hedley et al., 1994). Root-shoot ratios of P. phaseoloides, S. hamata, B. ruziziensis, and P. maximum were
greatly enhanced under cultivated in P deficient solution (Figure 2). This trait is the important mechanism of these plants
to acquire P from limited-P soils. Exudation of acid phosphatase and phytase from roots is also one of the adaptive
mechanisms of plants to acquire P in P-limited soils (Tadano et al., 1993; Li et al., 1997a, b; Gilbert et al., 1999; Neumann
et al., 1999). High activity of these enzymes in the rhizosphere is involved in hydrolysis of organic P fraction in soils. In
this investigation, secretion od acid phosphatase from roots of S. hamata was stimulated by deficient P. Plants having
this ability may be significantly important to grow in soils where the majority of the total P consisted of organic P as in
the highly weathered soils in the tropics.

In current study oxalic and citric acids were secreted into the root medium, particularly from the roots of
tropical trees (Table 4). Oxalic acid secretion from roots of A. occidentale, which is widely cultivated in infertile soils and
that from roots of H. brasiliensis, which is the commonly plantation crop in the south of Thailand, was stimulated by
deficient P and excess Al, respectively. In addition, A. mangium and M. cajuputi, which adapt well to low pH soils,
secreted citric and oxalic acids, and oxalic acid, respectively (Table 4). The secretion of organic acids is important not
only for the increase of P availability but also for the decrease of Al toxicity. Moreover, the organic acids accumulating in
roots are also important for Al detoxification in plants. Therefore, this trait is very substantial for plant adaptation to low
pH soils where low available P and excess Al are the major constraint on crop production.

Phosphorus acquisition of tropical plants in acid soils:

Both available and total P in the dominant highly weathered soils in peninsular Thailand were low (Table 1), and the main
proportion of total P was organic P (Figure 1). However, P availability in these soils can be increased by the application
of citric and oxlic acid (Onthong et al., 1999). These acids were secreted by roots of tropical plants (Table 4). In this
investigated, the concentration of available P in the rhizosphere zones was slightly changed, indicating that the P absorption
by roots and P solubilization by root exudates is in equilibrium. In contrast, the concentration of Fe-P in the rhizosphere
zone close to the root zone decreased sharply (Figure 4), implying that the the large amount of secreted citric acid from
roots of A. mangium (Table 4) enhances P acquisition in the rhizosphere. The decrease of exchangeable Al in soil fraction
close to the root zone (Figure 4) implies that Al form the complex with secreted citric acid, resulting decrease of Al
toxicity to roots.

Recently, it was reported citrate-overproducing plants yielded more leaf and fruit biomass when the transgenic
tobacco plants that over produce citrate grown under P-limiting condition and required less P fertilizer to achieve optimum
growth (Lopez-Bucio, et al., 2000). For this reason, the plants with ability in extracting P from soils are strongly
recommended. It is sometimes argued that the plants that are highly efficient in extracting P from soils is dangerous
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because it will accelerate the depletion of soil P reserves. To avoid this situation in the long run, application of P fertilizer
is still required.

CONCLUSION

Tropical plants have different adaptive mechanisms to tolerate to deficient P and high Al conditions (Figure 5). Increase
of P utilization is commonly found in all plants investigated. Increase of root-shoot ratio is dominant mechanism on P
uptake in P. phaseoloides, S. hamata, B. ruziziensis, P. maximum, A. mangium, and M. cajuputi. Secretion of acid
phosphatase was dominant only in S. hamata. The organic acid exudation, which is important in improving P acquisition
and Al detoxification, from plant roots were observed in tropical trees, especially citric and oxalic acid by A. mangium
and citric acid by A. occidentale, H. brasiliensis, and M. cajuputi.
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ABSTRACT
A study was made in the Central Kalimantan peat-swamp forest areas to compare plants and physical habitat
recovery of peat-swamp post-forest fire at sites with different histories. The main aims of this study were investigate
whether the soil fertility increased with increasing of undergrowth vegetation, and whether vegetation re-growth
differed at sites of age, geographically and peat-depth.

The soil data showed no significant difference in soil chemistry among sites. The composition and biomass
of undergrowth (vegetation re-growth) changing up to 4 years after forest fire was largely dependent on age
rather then to peat depth and scale of damages.

Key words: peat-swamp forest, post-forest fire, undergrowth, Central Kalimantan

INTRODUCTION

The peat-swamp forests dominated in Central Kalimantan characterized by poor nutritional conditions, occurs on fresh-
water marshland with a thick peat layer varying from 0.5 m up to 10 m or more. This forest type is unique and important
ecosystems because its roles in many global processes, such as carbon sequestration, hydrological regulation, and
biodiversity maintenance. However, it is sensitive to development and fragile, so artificial the extents of these forest
types are dependent on the land utilization and conservation measure applied.

In fact the forest disturbance causes the physical damage on plantis habitat but in some cases that disturbance
resulted in little environment damage and the forest capable to sustained and maintained for future generation. The
different scale of disturbance resulted in different rate of recovery of plants and physical habitats. The rate of plant re-
establishment influences the forest recovery as well as physical habitats. The succession has implications for both soil
nutrient dynamics and vegetation development. Therefore, the comparative study on recovery of plants and physical
habitats at sites with different histories is an important matter.

In the inland of C. Kalimantan, there are many disturbed forests that caused by forest fire and human activities.
The data and information on recovery of forest and their habitat is still limited. The present study is a preliminary result
on the recovers rate of plants and physical habitats among forest sites with various agesi post-forest fire.

MATERIALS AND METHODS
Study sites
The study has been made in three sites, Sebangau,
Lahei and Tanjung Harapan (Figure 1). The
Sebangau site is situated at 2°18°24” S, 113°55°4.1”
E, at about 10 m above sea level. The typical
vegetation here is a peat swamp forest, of which peat
depth varied from 2 m to 10 m. The Lahei study site
is situated at 1°55°15” S, 114°10°0” E, at about 20
m above sea level. There are at least two types of
vegetation, peat swamp forest and heath forest. In
the former, peat depth is ca. 2 m, and in the latter,
peat depth is 0.6 m. The study site in Tanjung
Harapan is situated at 2 °45°45.8” S, 111°56°41.4”
@ Palangka Raya E, at about 10 m above sea level. The land is covered
S with a heath forest with thin peat less than 1m.
; i Five plots were selected referencing
§ knowledge of residents to include post forest fire of
different ages (1-4 years). I settled three plots in
Lahei area (L-1a, L-1b and L-4) and one plot in

Figure 1. Location of three study sites in Central Kalimantan, In- Sebangau (S-3) and Tanjung Harapan (TH-3)

donesia;. L: Lahei site; S: Sebangau site; TH: Tanjung Harapan respectively. The plots L-1a and L-1b were one year
old after forest fire, but the former suffered heavier

.
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damages of forest fire. The plots S3 and TH3 were three years old , and the plot L4 was four years old after forests fire.
Unfortunately plots of two years old after forest fire was not found.

Vegetation

In each selected site I set up plots of 30-m x 30-m, and each plot was divided into 9 quadrates of 10 x 10 m. In
order to estimate plant cover, each quadrate was then divided into to 25 sub-quadrates of 2 x 2 m. The coverage of each
species was obtained for each quadrate by calculating percentages of sub-quadrates from which the species was found.
The vegetation was subjected to multivariate analysis using multivariate statistical packed software (Kovach Computing
Service, MVSP). Species found in less than three quadrates at a site were excluded from the analysis for that site. After
principal component analysis (PCA), a multiple regression analysis was used to examine the relation between two principal
components and environmental factors (age, peat depth, disturbance and location) as independent variables.

In order to measure peat depth, I inserted wood poles into the ground, pulled up, and measured depth of the
boundary between peat and white sand. In my study sites, sediments below peat were always white sand.

Scale of disturbance was evaluated in the following manners. According to the estimated ratio of canopy trees
killed by fire, percentages of disturbance were evaluated at the unit of 10%. If nearly half of canopy trees were killed by
fire, percentage of disturbance was 50 %. If no living trees were remaining, percentage of disturbance was 100%. In all
plots examined, more than half of canopy trees were estimated to be killed by fire, so percentages of disturbance was
always 50% or higher.

Soil analysis

Soil surface sample (0-10 cm) were collected from randomly selected three quadrates of each plot. The samples were air-
dried and grounded. Sub-samples for chemical analysis of 150 g in dry weight were taken to Research Center for Soil and
Agro-climate.

Biomass and chemical contents of plants
I harvested aboveground parts of living plants within three neighboring quadrates (10 x 30 m) in every plot. However,
large standing trees that were estimated to have existed before forest fire and still remaining alive were not cut. Such trees
had burnt barks and were much larger in sizes than recovered plants after fire, which were shorter than 1.5 m in the
harvested areas.

Harvested plants were sorted into ferns, grasses, herbs and trees, and dried in 90*C for two days Dry samples
were weighed, and sub-sample were taken to Research Center for Soil and Agro-climate for chemical analysis.

RESULTS AND DISCUSSION

Soil analysis

Analysis of variance on chemical attributes showed no significant (p < 0.05) differences among five sites (Table 1).
Although contents of some mineral elements of L-1a were slightly higher than those of L4, the difference was marginally
insignificant (p = 0.056 - 0.068).

The changes in soil chemistry that occurred after forest fire were slightly different with other report (Riswan &
Kartawinata, 1991.). However, no significant differences in soil chemistry among study site similar to that reported by
Nagy and Proctor (in press.). The near-significant differences between L-1 and L-4 may indicate that a real decrease in
soil fertility during period one year to four year after forest fire. This is may be because a temporary depletion of nutrient
was occurring in the L-4, whilst the L-1 was a relatively still enriched in nutrient. Nakano & Syahbuddin (1989) reported
that the dynamics of nutrient in forest fallows are characterized by decrease in the early stage (1-4 year) and after that soil
reserves will tend to increase from litter-fall.

Table 1. The results of chemical analysis of soil samples (n= 3) collected from five study sites.
The averages and max-min in brackets were shown (mg/g for mineral contents). There were no
significant differences (P < 0.05) among sites.

L-la L-1b TH-3 S3 L4
43 43 43 43 418
pH (CaCl) (4.2-4.4) (4.2-4.4) (4.1-4.4) (3.9-4.5) (3.9-4.5)
Nitrogen 1.1 1.1 1.1 1.1 0.92
(0.99-1.2) (0.97-1.2) (0.96-1.2) (0.87-1.28) (0.76-1.1)
Phosphorus 0.090 0.080 0.080 0.07 0.040
(0.060-0.11) (0.040-0.16) (0.05-0.12) (0.040-0.11) (0.020-0.060)
Potassium 0.050 0.060 0.050 0.05 0.060
(0.020-0.080) (0.030-0.090) (0.03-0.08) (0.030-0.080) (0.020-0.080)
Caleium 0.26 024 0.25 0.24 0.24
(0.12-0.41) (0.21-0.27) (0.19-0.31) (0.18-0.32) (0.19-0.28)
Natrium 0.015 0.013 0.012 0.013 0.010
(0.0090-0.020) (0.0060-0.019) (0.0080-0.021) (0.05-0.023) (0.0090-0.014)
Magnesium 0.12 0.090 0.090 0.080 0.070
(0.080-0.20) (0.070-0.15) (0.050-0.12) (0.07-0.11) (0.050-0.11)
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Table 2. Coverage of major species in five study sites. Percentages of 2 x 2 m sub-quadrates that each species were
found were shown. In this table, I selected species found in at least seven quadrates (5 x5 m) for at least one site.

Species L-la L-1b TH-3 S-3 L-4
Fern
Nephrolepis exaltata 23.00 22.00 24.00 10.00 5.0
Pteridium aquilinum 46.00 30.00 35.00 18.00 9.0
Stenochlaena pallustris 23.00 25.00 4.60 12.00 0.32
Grass
Imperata cylindrica 3.6 3.2 0.36
Scleria purpuraceus 4.0 1.5
Herb
Blumea balsamifera 0.45 1.4 1.6 0.53 0.19
Blumea lacera 0.30 1.1 1.2
Globa sp. 0.11 0.28 22 3.5 3.8
Shrub
Goniothalamus malayanus 0.20 0.28 0.87 1.0
Melastoma malabathricum 6.3 6.1 2.1 4.1
Rhodamnia cinerea 23 3.1 2.1
Tree
Acronychia porteri 0.020 0.17 0.95
Baccaurea bracteata 0.87 0.64 1.1 53
Calophyllum sp.1 0.27 3.1 5.4
Calophyllum sp.2 0.90 1.6 2.3
Cratoxyllum glaucum 3.0 9.7
Dialium indum 0.23 0.79 14
Diospyros hermaphrodifica 0.71 0.75 0.64 1.3
Elaeocarpus griffithii 0.54 0.80 0.62 2.5 2.4
Ganua motleyana 0.18 0.74 1.0
Garcinia sp. 1 0.050 0.15 0.42 2.9 53
Horsfieldia punctatifolia 0.060 0.11 0.09 0.070 3.6
Ilex cymosa 1.5 2.2 1.5
Knema intermedia 0.42 0.25 0.43 1.8
Macaranga triloba 0.73 0.58 0.51 0.38
Mezzettia umbellata 1.4 1.5 1.8 2.5 34
Palaquium sp.2 0.19 35
Santiria laevigata 0.32 0.15 0.21 0.36 2.8
Shorea spp. 1.6 3.0
Sindora leiocarpa 1.5 1.2 2.0 24
Sterculia coccinea 1.8 1.3 23 2.6
Tristania obovata 0.020 0.42 0.45 1.6

Table 3. The percentages in biomass of ferns, grasses, herbs, shrubs and trees at five study sites.

Life-form Ll-a LI1-b TH-3 S-3 L-4

Ferns 94.0 80.0 56.0 51.0 21.0
Grasses 0.0 0.0 3.8 8.9 2.8
Herbs 1.0 4.7 7.4 6.0 6.9
Shrubs 2.3 9.0 10 9.6 10.6
Trees 2.6 6.5 19 25 58.7

Table 4. Standardized coefficients of multiple regression values in order to
determining PCA scores of 45 quadrates using five environmental factors.

Dependent variable

Independent variable Axis-1 Axis-2
Age (year) -0.3 0.56
Peat-depth (m) -0.1 0.0130
Disturbance 0.899 ™ ).769 ™
Altitude (m asl) -1.44™ ).944 ™
Gographical -1.16 0.783 ™"

F 18.0 54.6

*p <0.05, ** p<0.01, *** p <0.001
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Vegetation
A total of 89 vascular plant taxa were recorded from the five sites: L-1a had 21 species; L-1b, 26 species; L-4, 54 species,
TH-3, 54 species and S-3, 61 species (Figure 2). Coverage of some major species for each site was summarized in Table
2. The older vegetation had about twice more number of tree species than youngest vegetation.

According to PCA, the contribution of the first principal component (Axis-1) was 53 %, and the second axis
(Axis-2) was 19 %. The first two axes explained 71 % of variation. Figure 3 shows the distributions of quadrates along
the two axes. The results of multiple regression analysis suggest that the Axis-2 was strongly correlated with age,
disturbance, and location, whereas Axis-1 related to disturbance and altitude less strongly (Table 4). Thus, quadrates
located left top in Fig. 3 are older, less disturbed, and at higher altitude.

Biomass and chemical components of plants

In the plots L-1a and L-1b (one year old after fire), the biomass of ferns and herbs was about 87 % of total biomass. The
corresponding value for the oldest vegetation (L4) decreased to 21 % (Table 3). Biomass was significantly (r = 0.87)
related positively to age of vegetation (Figure 4A). In relation with peat depth, biomass tended to be highest at medium
peat depth (Figure 4B). Biomass of recovered plants was negatively related with percentages of damages (Figure 4C).
Contents of N, P, K of recovered plants were significantly higher in older plots (for N: r = 0.91; for P: r = 0.94; for K: r =
0.98; Figure 5A). However, they were not significantly related with peat depth (Figure 5B) and percentages of damages
(Figure 5C).

The study shows that under-growth biomass significantly increase from L-1 to L-4. That means there is positive
correlation between ages of forest and vegetation recovery. However, so far the vegetation recovery did not followed by
recovery of physical habitat, which indicated, by no significant differences in soil nutrient among study site. In fact, on
the other hand the vegetation nutrients content increase with increasing in age of forest. This indicates that there is no or
very little nutrient turnover from litter falls to the soil. It is may be characteristic of peat-swamp forest where the rate of
decomposition is relatively slow. Another explanation that forest fire may have destroyed the physical habitat and biotic
component as well as which will reduce the rate of decomposition (Rahajoe & Kohyama, 2002).

The paper is a results of preliminary data analysis and more detail analysis may still needed. However not
significantly differences between youngest and oldest post-forest fire in habitat recovery is interesting point, and may be
able to be used as reference for future studies.
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ABSTRACT

Better modelling of canopy photosynthesis is a challenging research area which has been greatly stimulated in
recent years by the demand for more accurate carbon budgets in ecosystems in the context of global warming and
increasing atmospheric CO, concentration. Nowadays, mechanistic modelling of leaf photosynthesis, based on
theoretical and experimental framework introduced two decades ago by Farquhar and co-workers, has become a
standard to simulate whole leaf photosynthesis in a canopy (Baldocchi & Harley 1995; Leuning et al. 1995;
Amthor et al. 1994; Lloyd et al. 1995) and provides a basis for these larger scale predictions. This mechanistic
approach has been particularly successful since model parameterisation can be almost fully obtained using
conventional gas exchange measurements at the leaf level.

The photosynthetic performance of a whole leaf is a summation of the performance of the individual cell
layers. This is also true for a canopy, where the total efficiency of one canopy depends on the efficiency of each
layer that build one canopy. Light intensity, as well as its distribution and properties, together with distribution of
nitrogen determine overall canopy efficiency.

The manuscript presented here shows how the parameters obtained at the leaf level is scaled up to the
canopy level to estimate canopy CO, assimilation and efficiency. It shows the effect of the distribution of irradiance,
diffuse fraction of irradiance and nitrogen distribution on canopy assimilation rate, its efficiency and the resulted
optimum LAI that a canopy can sustain.

INTRODUCTION

A major component of many crop, pasture and ecosystem models is the prediction of the daily rate of net canopy
photosynthesis, as canopy photosynthesis is a fundamental component of growth (Monteith 1977; Caldwell et al. 1986;
Reynolds et al. 1987; Norman & Arkebauer 1991; Goudriaan & van Laar 1994; Lloyd et al. 1995). Canopy photosynthesis
is affected by photosynthetic capacity at the leaf level, light interception by the canopy, nitrogen level and other
environmental conditions (temperature, CO, concentration) to which the canopy is exposed. The model of Farquhar et al.
(1980) and Farquhar & von Caemmerer (1982) provides a means of examining the direct and interactive effects of CO,,
light and temperature on the photosynthesis of individual leaves. Although this model is widely used in physiological
contexts, its application in crop and ecosystem models for climate change research was until recently fairly limited.
Difficulties in parameterisation, and differences in scale between photosynthetic biochemistry and whole-plant processes
are thought to be the reasons.

The Big-leaf and the Sun-shade models used parameterisation at the leaf level, which can be done easily with a
gas exchange measurement system, to model photosynthesis at the canopy level. The big leaf model treats the canopy as
a single big leaf (following Beeris Law), where the properties at the leaf level are matched to the bulk canopy. This model
has the advantage of being very simple to parameterise. It however, suffers from the difficulties that is spatial variation in
photosynthetic capacity and instantaneous irradiance, that are not in concert. The sun-shade model, on the other hand,
separates the canopy into two parts, sunlit and shaded, with different parameters, and each part is then modelled using the
big leaf approach.

The aim of this manuscript is to use the sun-shade model (and compare it with the big-leaf model) together with
observed climatic data to quantify the effect of irradiance (light) and nitrogen on CO, fluxes. Effect of temperature and
CO, concentration are also examined at the level of an idealized canopy. This model separates the canopy into two parts,
the shaded and the sunlit (in contrast to the one big sun leaf of the big leaf model), and each part was modelled by
integrating the photosynthetic capacity down through the canopy. Therefore, these separated parts can then be modelled
using the Farquhar ef al. (1980) and the Farquhar & von Caemmerer (1982) C, leaf photosynthesis model, using the
parameterisation at the leaf level obtained from gas exchange measurement.

The example simulation is summarised in terms of canopy CO, assimilation rate as a function of time of day,
which depends on irradiance, distribution of nitrogen, the canopy Leaf Area Index (LAI), CO, concentration, temperature
and the fraction of diffuse irradiance. The proposed canopy assimilation module is suitable for incorporation into existing
agricultural/forestry models to improve predictions of canopy assimilation or total biomass production.

MODELLING LEAF PHOTOSYNTHESIS
Leaf photosynthesis can be described by the equations developed by Farquhar et al. (1980) and Farquhar & von Caemmerer
(1982). The basic assumption underlying the model is that the rate of photosynthesis is controlled by the amount of
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activated enzyme RuBP carboxylase-oxygenase (Rubisco), the rate of regeneration of RuBP, and the relative partial
pressures of CO, (c,) and O, at the site of CO, fixation. Therefore, under a given set of environmental conditions, the net
CO, assimilation rate, 4, is taken as being either the Rubisco-limited rate, 4 , or the predicted RuBP-regeneration limited
rate of photosynthesis, Aj, whichever is the lower at a particular c.. (This holds for ¢ > I'*.) 4 has units of mmol m?s™.

J[ c.-T'*
A =—|—"———|-R
/ 4(c[+21“*) ‘ M
c, —I'*
Av =‘/(‘max ’O _Rd (2)
Kc(l+ﬁ<0)+c,
(3)

A =min (Aj, A)

where ¢, = partial pressure of CO, in the leaf (ubar); I'* = CO, compensation partial pressure in the absence of dark
respiration (ubar); R, = dark respiration by the leaf which continues in the light (umol m~ s'); O = ambient partial
pressure of oxygen (mbar); K and K are Michaelis-Menten constants for carboxylation and oxygenation by Rubisco
(ubar and mbar, respectively); ¥, is the maximum rate of Rubisco activity in the leaf (umol m™ s); and J is the actual
electron transport rate (umol m= s™).

The temperature dependence of K and K follows an Arrhenius function:

E 298.2
K =K ,.ex < 1-
¢ 7 Do p[298.2R( 7+ 273))] @)

K = KO’25 exp

o

E, (,_ 2982
2982R|  (7+273) )

where R is the universal gas constant, 8.3144 J mol" K", and 7'is temperature in °C. E_and E_ are the apparent activation
energies and the 25 subscript refers to the value at 25 °C.

The effect of temperature on the CO, compensation point of photosynthesis in the absence of mitochondrial respiration
follows the equation of von Caemmerer ef al. (1994):

I* =36.9 + 1.88(T-25) + 0.036(T-25)>  (6)

The parameters K_and K indicate the intrinsic kinetic properties of Rubisco. They are relatively constant, varying only
with temperature for all C, species.

The rate of electron transport, J, follows the equation by Farquhar & Wong (1984):

max ’ - 4®Ia2‘]max

S das 4 T - JUa, +J
- 20

where J__is the maximum light-saturated rate of electron transport of the leaf (mmol m™ s'), Q is the curvature factor of
the light response curve that varies from 0 (rectangular hyperbola) to 1 (two straight lines quasi Blackman), a, is the
quantum yield (in terms of incident PAR) of electron transport at low light and / is the light intensity (mmol m? s)
incident on the leaf.

(7)
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MODELLING CANOPY PHOTOSYNTHESIS
Total Canopy Absorption of Irradiance and the estimation of fraction of diffuse light.

In the following section I used soybean canopy as a study case. The total canopy absorption of irradiance per unit ground
area (/) is calculated by integrating /, (leaf absorption of irradiance per unit leaf area) over the whole Leaf Area Index
(LAL L). L, is the total area of leaf surfaces per m? of ground.

1= ["1dL

= (1 - Py )IB(O) (l - exp (— k b'L,))+ (1 — P.g4 )ID(O) (1 — exp (— k 3 L,))

8
Py =1-exp (—QDHkb/(1+kb)) ®

where P = canopy reflection coefficient for beam PAR, P, = canopy reflection coefficient for diffuse PAR (= 0(@ ), k,,
= beam and scattered beam PAR extinction coefficient (= 0.69/sinb), k, = diffuse and scattered diffuse PAR extirniction
coefficient (= 0.715), Ly, and Iy = beam and diffuse PAR, respectively, in a horizontal plane (mmol m?s™), r,, = reflection
coefficient of a canopy with horizontal leaves (= 0.041), and k, = beam radiation extinction coefficient of canopy (Goudriaan
1977). The value of 0.75 for k sinb was used in the simulation. The value was taken from Ito & Udagawa (1971), who did
a phytometrical study of soybean canopies by measuring the geometrical structure of the soybean canopy and sunlight

penetration. The beam and diffuse PAR (units of mmol m?s) are calculated using these equations:
Ly, == fp)S (10)
In) = /DS (1)

Total Canopy Nitrogen And Photosynthetic Capacity

Leaf nitrogen in the canopy (V) is modelled by assuming that NV, decreases exponentially with cumulative absolute leaf
area index, L, from the top of the canopy. A base level of nitrogen which is not associated with leaf photosynthesis, N,, is
incorporated into the model (Anten ef al. 1995). The equation for the leaf nitrogen distribution is

N=(NsNexp(-k L)+N, (12)

where N is leaf nitrogen content at the top of canopy and k_ is the extinction coefficient for nitrogen in the canopy. This
nitrogen distribution results in plants maintaining their nitrogen level on the top of the canopy regardless of their total
LAI(L,). As L increases, the plant leaves have a lower nitrogen content in the lower part of the canopy.

Total canopy nitrogen (V) is calculated by integration of the leaf nitrogen concentration per unit leaf area (V) over the
entire canopy (unit is wmol m?):

Ne = [UN dL = L(N,- N,)(1 - exp(-L k )/L k) +N,
= (N,-N)(I - exp(-L k )/k_+L N, (13)

na

where N is the leaf nitrogen concentration at the top of the canopy (mmol m?) and N, is the leaf nitrogen not associated
with photosynthesis (residual leaf nitrogen content).

According to Shiraiwa & Sinclair (1993), for soybean leaves the range of leaf nitrogen per unit leaf area in the top leaves
of a mature canopy is from about 114.3 to 171.4 mmol m?, and at the bottom of the canopy it is about 71.4 mmol m* for
LAI =4.0. This result was compatible with observations of leaf photosynthetic activity in soybean as found by Lugg &
Sinclair (1981), where the photosynthetic rate was saturated at a leaf nitrogen content of 157.1 - 171.4 mmol m, and
dropped to zero at a leaf nitrogen content of 71.4 mmol m. The optimum surface leaf nitrogen content for soybean is 186
mmol m.

Anten et al. (1995), who also worked with soybean, suggested that the decrease in nitrogen is exponential. Recalculated
the data of Anten et al. (1995), an extinction coefficient for nitrogen in the canopy of k£ = 0.3 was obtained.

Assuming a linear relationship between nitrogen content and ¥, in the leaf, the Rubisco capacity (¥, , umol m?s™)is
then calculated from leaf nitrogen.
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VL‘WI(L\’(’) = Xn(]vl-Nb) (14)
where 7_is the ratio of measured Rubisco capacity to leaf nitrogen content. This ratio depends both on how much
nitrogen in the leaf is allocated to carboxylation activity and the nitrogen content of Rubisco activity. Pons & Pearcy
(1994) measured the leaf nitrogen content of soybean and associated ¥, and found that at nitrogen contents of 122.6
and 71.6 mmol m? V_ was 149.6 and 66.4 mmol m™ s™' respectively. From these data I calculate y_ =1.63 umol mmol"
‘l'via a linear fit to Eq (14) and N, = 30.9 mmol m? when Vs zero. These are the values chosen for the simulation

that follows. The value of N, is close to that calculated by Anten et al. (1995) which was 29 mmol m=,

The canopy photosynthetic capacity, V_, is the integral of ¥ of the leaf over the entire canopies:
ve= 1V, dL=x [FN, - Nb)dL

=x (N -N)(I -exp(-L k ))/k (15)
Canopy respiration

Canopy respiration, R, is calculated by integration of the leaf respiration for the whole canopy:

¢ }emax (16)

where R is dark respiration at the leaf level, V_is at the canopy level and V__ is at the leaf level. The temperature
dependence of canopy respiration follows the Arrhenius function.
Canopy net photosynthesis

Canopy net assimilation rate, 4 , is then calculated separately for sunlit and shaded fractions as

A = min{Aj,Av}— R 17)

where A and 4 are calculated according to Eq. (1) and Eq. (2) by changing the variable of V__ to V', R to R_and
changmg Itol in Eq. (7).

MODELLING IRRADIANCE ABSORPTION OF THE SHADED AND SUNLIT FRACTIONS OF THE CANOPY

Irradiance absorbed by the sunlit part of the canopy (/) is the integral of the absorbed component of irradiance, i.e.
direct, diffuse and scattered, by the sunlit leaf area fraction.

I = IB(O)(I—G)(l—exp(—KbLI)) +

csun

ID(O) (1 -P, Xl - exp(— (Kd +K, )Lt ))Kd

(Kd' +K, )+

Ly |- P)(A - exp(—(K e+ K, )L)K,/ (K, o+ K,) - (1- 0)(1 —exp(-2K,L,))/2] (17)

where o is the leaf scattering coefficient of PAR, 6 =p, + T, p, is the leaf reflection coefficient for PAR (= 0.10) and T, is
the leaf transmissivity to PAR (= 0.05).

The irradiance absorbed by the shaded part of the canopy (/) is

! gaae =1=P,) 3(0)(1 —exp(-K, L)+ (1-P,) D(O)(l —exp(-K,d,)) - 1, (18)
For the big leaf model irradiance absorbed by the canopy is denoted as I, where

I=1_-+I (19)

csun ~ cshade

MODELLING PHOTOSYNTHETIC CAPACITY OF SUNLIT AND SHADED PARTS OF THE CANOPY

The photosynthetic capacity of the sunlit part of the canopy, V_ , is calculated by integrating the leaf photosynthetic
capacity, V__, for the whole sunlit leaf area fraction.
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L!
Vcsun = fO Vc max (L)fxun (L)dL

- [ X, N(L)-N,) ., (LdL

(20)

= [ X, (N, = N,)exp(-K,, Lyexp(-K, L)dL

Note that the sunlit leaf area fraction is given by

f;'un (Lt) = eXp(— kbL) (21)

The corresponding photosynthetic capacity of the shaded leaf fraction (V

LT
Vcshade = fO Vc max (L)fvhade (L)dL

where

f.;hadk (L) = l_f;un (L)

Net and gross canopy photosynthesis

) is

cshade

(22)

(23)

Canopy photosynthesis can be calculated using Eqgs. (1) and (2) for each part of the canopy, the sunlit (4 ) and the

shaded (4

cshade

Ac = A + Acshade - R > (24)

csun &

Gross photosynthesis 4 is

cgross

A=A +R (25)

cgross

LIGHT USE EFFICIENCY (LUE)

) fractions, and the total net canopy photosynthesis can then be written as follows:

Light use efficiency, or canopy efficiency, in this simulation is defined as mol CO, assimilated per mol of absorbed light,
i.e 4_divided by 7. Monteith (1977) proposed an attractive approach in estimating the daily rate of carbon accumulation
(dC/dt) by terrestrial plant communities, in which dC/dt was expressed as a product of intercepted solar radiation and the
light use efficiency. This approach was developed based on his earlier work (Monteith 1972) where he suggested that the
daily net assimilation rate of a canopy (4,) is given by:

A = LUEI, (26)

The exact equation that Monteith
used was 4 = efCR_, where in this
manuscript

e = LUE, f is the fraction of PAR
absorbed by the canopy, C is a
constant factor to convert total
radiation to mol quanta (0.5x4.55 =
2.28 mol PAR MJ"), and R_is the
daily global radiation reaching the
surface, which is the same as S used
in this manuscript. For more detailed
information on how to obtain S and
diffuse fraction of irradiance, f, read
June (2002).

SIMULATION

Example simulation was run for a
location in Bogor (106.75°E, 6.67°S
and altitude 260 m above sea level).
The choice of DOYs (days of year, a
year 1978 was chosen) was made to
get variation in the incoming radiation
and fraction of diffuse light.
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Figure 1. Generated diurnal course of PAR at the top of the canopy
(S) for leaf area index of 3, absorbed by the sunlit fraction of the
canopy (I ), absorbed by the shaded fraction of the canopy (7 ),
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Hourly PAR and temperature (April 10, 1978)

A generated diurnal PAR on the top of the canopy (S) and the change in temperature over time are shown in Figure 1.

Canopy A, and A

The electron transport limited and the Rubisco-limited rates of canopy photosynthesis are shown for the sunlit and
shaded part of the canopy in Figure 2.

The result shows that the rates of photosynthesis for the sunlit and shaded parts of the canopy are calculated as the
minimum of either the electron transport rate or the Rubisco limited rate. It is apparent from Figure 4. that the shaded part
of the canopy is always electron transport limited, that is Aj(shade) <A (shade). The sunlit part of the canopy is Rubisco
limited (4 (sun) < 4, (sun)) most of the day, from 8 am to 4 pm. 4 (sun) > A (sun) only when absorbed light is very low,
i.e early in the morning or later in the afternoon.

Canopy net assimilation rate and efficiency
Total canopy net assimilation rate, is
the sum of the sunlit and the shaded

90 o0 |-
X 5 parts of the canopy (where each of
e & B ; these parts is the minimum of their
-0 70k ’;' A, and A), minus canopy respiration.
sl il Y K Canopy respiration (R ) is 9.5 wmol
I i Y P m? s in the middle of the day, which
50 - 50 - S is about 16 % of the gross
a0l a0l photosynthetic rate.
e i Light use efficiency (LUE) of the
20 | 20} canopy, which shows how efficiently
L 1ol the canopy converts PAR into carbon,
X L, e changes during the time course of the
S Ty P day. It is very low at sunrise and
6 8 10 12 14 16 18 6 8 10 12 14 16 18  sunset, reaching a maximum at about
Time of day Time of day 8 am up to 4 pm and is fairly stable

Figure 2. Photosynthesis limited by electron transport (Aj) and by Rubisco  during this period at 0.030 mol Co,
(4) of the sun and shade parts of a canopy with leaf area index of 3.4 is  mol"! quanta.. The value drops
indicated by dashed lines and 4; by solid lines (Left: SUN and right: slightly in the middle of the day due
SHADE). to increasing light saturation of the
canopy as shown by a larger increase

in the absorbed light than the increase in 4 .

Table 1 shows the integrated 4, R, I and the photosynthetic components values for the whole day and resulted LUE.
Results are expressed based on daily integration. It is shown that the shaded part of the canopy operate in a more efficient
way than the sunlit part of the canopy resulted in 33 % increase in its LUE value. There is no difference in efficiency
between LAl =1 and LAI = 4, although net canopy assimilation rate increased by 61 %.

THE EFFECT OF PROPORTION OF DIFFUSE LIGHT ON CANOPY ASSIMILATION RATE AND EFFICIENCY
Some of the solar radiation entering the earth’s atmosphere is absorbed and scattered. Direct beam radiation comes in a
direct line from the sun. Diffuse radiation is scattered out of the direct beam by molecules, aerosols, and clouds. The sum
of the direct beam, diffuse (and in some cases ground-reflected) radiation arriving at the canopy surface (or single leaf)
is called total or global solar radiation. The ratio between the diffuse and global radiation is defined as the diffuse
fraction of radiation. When it is expressed based on PAR part of the spectrum, it is called diffuse fraction of irradiance.

Six DOYs with different fraction of diffuse irradiance were chosen for the following simulation. Those are: (1)
DOY 2 with t =0.406, f, = 0.71, daily global radiation of 15.6 MJ m?; (2) DOY 63 witht =0.493, f, = 0.57, daily global
radiation of 19.0 MJ m?; (3) DOY 273 with t = 0.575, f, = 0.43, daily global radiation of 21.6 MJ m™ and (4) DOY 240
witht =0.658, f, = 0.29, daily global radiation of 23.0 MJ m™ and (5) DOY 96 with t =0.744, f, =0.13 and daily global
radiation of 27.2 MJ m™. Simulation was run at different leaf area index, LAI (increasing from 0.5 to 6) using Bernacchi
et al. (2001) photosynthetic parameters.

Figure 3 shows that as f increases, canopy net assimilation rate increases, until £ reaches 0.57, after which
further increase of f reduces the net rate. Thus, there is an optimum £, of about 0.57. The optimum LAI (i.e. the LAI
with maximum net canopy assimilation rate) increases with increasing f, and at optimum LAI is around 4 at f, =0.57.
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Table 1. Simulation results for April 10 (DOY100), /=0.13,t = 0.75, LAI =1 and 4.

LAIL 1.0 4.0
S (mol m? day ) 64.5 64.5
I (mol m™ day ) 56.2 56.2
Ip (mol m™ day ™) 8.3 8.3
Ic (mol m? day ) 29.9 56.6
Ic,,, (mol m™ day ™) 28.3 50.1
I¢haze (mol m™ day ™) 1.6 6.5
Aysun (mol m? day ™) 0.76 1.44
A\ghaze (mol m? day ) 0.40 3.18
Ajun (mol m” day ') 0.94 1.70
Ajsiaze (mol m™ day ) 0.07 0.26
Acsnage (mol m? day ) (Gross) 0.07 0.26
Acsun (mol m? day ™) (Gross) 0.76 1.44
R, (mol m™ day ) 0.15 0.62
A, (mol m™ day ') (Net) 0.67 1.08
A, (mol m? day ’1) (Gross) 0.82 1.70
LUE based on gross A,
Sunlit canopy 0.027 0.029
Shaded canopy 0.043 0.040
Total 0.027 0.030
LUE based on net A, 0.022 0.019
111 =
- m - 40
10 |- 7
i - 3,8
09 |
08 | -{ 36
- - -
07 |
L - 34
06 |
05 L ———1d0.13 - 32
—fd0.29
i fd0.43 :
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Figure 3. (Left) Integrated canopy net assimilation rate at different LAI and fraction of
diffuse irradiance. (Right) Relation between f and optimum LAI
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COMPARISON BETWEEN THE SUN-SHADE AND THE BIG LEAF MODEL AT DIFFERENT DIFFUSE
PROPORTION OF IRRADIANCE.

The following simulation shows that the overestimation of the big leaf is important under a very bright radiation (Table
2) with differences diminishing with increasing diffuse fraction, i.e. the difference between the two models is only 2 %
under £, = 0.71 and increases to 34 % under f = 0.14. The difference is influenced by LAI. In tropical region, where
diffuse fraction of irradiance is very high, the difference between using the big leaf and the sun-shade is small.

Table 2. Difference in integrated net canopy assimilation rate at fraction of
diffuse light f, = 0.71 and 0.14, using sun-shade and big-leaf models.

difference (%)
Lal fo=0.71 fo=0.14
0.5 0.56 9.77
1.0 1.68 17.30
1.5 2.27 25.15
2.0 2.51 30.50
2.5 2.72 31.99
3.0 2.70 32.19
3.5 2.63 32.27
4.0 2.48 32.47
4.5 2.37 32.76
5.0 2.26 33.12
5.5 2.01 33.72
6.0 2.04 34.41
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ABSTRACT

Throughfall underneath, and gross precipitation falling upon, peat swamp forest in the upper catchment of the
Sebangau River in Central Kalimantan, Indonesia were sampled every two weeks from November 2000 to November
2001 and analyzed for total content of Ca, Mg, K, Na, Fe, Mn, and P. Throughfall was collected in three permanent
study plots, 50 x 50 m, which were established in mixed swamp forest (MSF) and low pole forest (LPF). In each
plot, throughfall collection vessels were located in a manner (fixed and roving) that enabled statistical analysis to
be carried out on the data obtained. Rainfall was collected from above the tree canopy in four rain gauges situated
in riverine forest (1), mixed swamp forest (2) and low pole forest (1). Rainfall is slightly acid (pH between 5.02 and
6.92 with average 5.92) with a predominance of Ca and K. Throughfall is enriched in most elements analysed
compared to rainfall and its pH values are lower. Throughfall pH ranges from 3.25 to 6.13 (average 4.76) in mixed
swamp forest and from pH 2.90 to 6.12 (average 4.37) in low pole forest. Throughfall in LPF was higher than
throughfall in MSF at 2136.0 mm (70.1 %) and 1969.4 mm (76.03 %), respectively.

Key words: peat swamp forest, rainfall, throughfall, chemical analysis

INTRODUCTION

Many workers have reported that atmospheric input is the major source of nutrients for forest ecosystems, followed by
rock weathering (mineral soil) or organic matter mineralization (peat soil), nitrogen fixation and faunal migration) (Barnes,
et al., 1998). The first can be in the form of dust, particles or aerosols and gases from a number of sources, such as,
smoke from shifting cultivation (Whitmore, 1989), dust raised by vehicles from roads and dust from agriculture activities,
for example, from ploughing and fertiliser application (Ahmad-Shah, 1984).

According to Stinner et al. (1984) nutrients in precipitation play an important role in maintaining fertility of
certain agricultural soils,especially in the area where soil nutrient availabilityis poor, such as, ombrogenous peatland
(Van Breemen, 1995). Similarly, Moore and Bellamy (1973) contend that the continued growth of ombrotrophic bogs is
possible only because of nutrient inputs from the atmosphere, coupled with the various adaptive mechanisms of bog
plants.

Some of the rainfall reaching a forest is retained by the canopy and this water is re-evaporated back to the atmosphere.
The portion of the incident rainfall that reaches the forest floor is referred to as throughfall (Ahmad-Shah, 1984) the
amount of which varies with the quantity of rainfall (Edwards, 1982). Aerosols and dust deposited on foliar surfaces
through rainfall are eventually carried downwards through the canopy in throughfall, although some may be adsorbed
and absorbed by plants or taken up by microorganisms on the surface of leaves and branches (Carlisle et al., 1967).
Reiners (1972) states that nutrients may also be exuded by plants and leached from foliar surfaces by precipitation
enriching further the chemical content of throughfall reaching the forest floor. Consequently, throughfall is an important
component of nutrient cycling in forest ecosystems.

METHODS

The study area is in the upper catchment of Sungai Sebangau in Central Kalimantan, Indonesia. Three permanent study
plots, 50 x 50 m, were established in two peat swamp forest sub-types, Mixed Swamp Forest (MSF) and Low Pole Forest
LPF). In each plot, a combination of one fixed and two roving water sampling gauges (constructed from wood and 25
liter capacity polyethylene containers fitted with 25 cm diameter plastic funnels) were employed for the collection of
throughfall. Rainfall was collected in four fixed position rain gauges, of similar construction to the throughfall collectors,
situated within the research area, in riverine forest (1 gauge), mixed swamp forest (2 gauges) and low pole forest (1
gauge). Water samples were collected every two weeks from the beginning of November 2000 to beginning of November
2001. Samples were stored in a refrigerator (4 °C) on the same day, immediately on return to the laboratory. On the
following day, pH was determined on the water samples and then they were filtered through glass funnel which was put
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Whatman paper and then Ca, Mg, K, Na, Fe and Mn were determined by atomic absorption spectrophotometry (AAS
spectra 30).

Nitrite was done by Tachibana method (2000). Take a 25 ml sample, which have been filtered, in Erlenmeyer, add 0.1g of
mix powder (made of Sulfanilic acid 1g + Naftil amin 0.1 g + Tartaric acid 8.9 g ), mix thoroughly . After 20 minutes
measure absorbance at 520 nm but not more than 40 minutes. The standard series is treated in the same way.
Phosphorus was done by Tachibana method (2000). Take A 25 ml sample, which have been filtered, fill in Erlenmeyer,
add 4 ml K,S,0, 5 w/ % (by diluting 50 g K,S,0O, in distilled water make up to 1 I warm up till 30 - 40 ° C), close
Erlenmeyer by aluminium foil and boiled in autoclave for 30 minutes. After cold, take 20 ml and add 4 ml combination
solution (made by mix 50 ml 50 N H,SO, + 5 ml potassium antimonil tartarat solution + 15 Ammonium molybdate
solution + 30 Ascorbic acid solution), make up to 25 ml. Colour development is complete after 10 minutes. Measurement
absorbance at 882 nm wavelength. The standard series is treated in the same way.

Ammonium-nitrogen was done by indophenol method (Scheiner, 1976). Take 25 ml of the sample which have been
filtered in a 50 ml volumetric flask, add 10 ml phenol nitroprusside -buffer reagent (made by Na,PO,.12 H,0 30 g +
Na,C,H.O,.2H,0 30g + EDTA 3 g in 1 1 distilled water); phenol 60 g in 800 buffer reagent + 0.2 g Na, Fe (CN),NO.2H,0
make up to 1 1 by buffer reagent), using burette. Mix by swirling. Promptly add hypochlorite reagent (30 ml NaClO + 400
ml 1 M NaOH filling up by distilled water up to 1 1), make up to 50 ml. Colour development is complete after 45 minutes
at room temperature. Measure absorbance at 635 nm. The standard series is treated in the same way.

RESULTS

The Quantity and pH of Rainfall and Throughfall

During the period 10 November 2000 - 10 November 2001 the total amount of rainfall falling in the upper Sg. Sebangau,
determined from the rain gauges, was 2809.4 mm while throughfall in MSF and LPF was 1964.4 mm and 2136.0 mm,
respectively. The seasonal pattern of the amounts of rainfall and throughfall in four (4) weekly periods thoughout the
study period are shown in Figure 1 and variation in pH during the same periods can be seen in Figure 2.

Seasonal pattern of pH 4 weekly during 1 year period

7.00

BRF
aMTH
aTF

Figure 1. Seasonal pattern of Rainfall (RF), Throughfall in MSF (MTH) and LPF
(TF) four (4) weekly during 1 year period.

Figure 1 shows that there is variation in the amount of precipitation falling on the peat swamp forest during the study
period. The mean 4 weekly amounts ranged from 24.38 mm to 424.07 mm and the mean over the 1 year period was

No | Time period No | Time period No | Time period

1 10 Nov—8Dec 00 |6 1 —28 April 01 11 | 19 August— 15 Sept 01
2 9 Dec — 5 Jan 01 7 29 April — 26 May 01 12 | 16 Sept— 13 Oct 01

3 6 Jan — 3 Feb 01 8 27 May — 23 June 01 13 | 14 Oct— 10 Nov 01

4 4 Feb—7 March 01 |9 24 June — 21 July 01

5 8 — 31 March 01 10 | 22 July — 18 August 01
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Seasonal pattern of Rainfall, Throughfall in MSF and LPF 4 weekly during 1 year period
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Figure 2. Seasonal pattern of pH value four (4) weekly during 1 year period

212.36 mm with the highest value obtained between 4 February and 7 March 2001) (424.07 mm), followed by 14 October
to 10 November 2001 (362.10 mm) both of which occur during the rainy season. In contrast, the lowest amount of water
was collected between 24 June and 21 July 2001 (24.38 mm). The highest values for throughfall are almost the same in
both MSF and LPF at 298.34 mm and 290.70 mm, respectively. In general, throughfall as a proportion of rainfall is
higher in Low Pole Forest (76.0%) than in Mixed Swamp Forest (70.1%) There is a positive correlation between rainfall
and throughfall with the latter always less than the former. Correlation between rainfall and throughfall in MSF; rainfall
and throughfall in LPF, and throughfall in MSF and throughfall in LPF are 0.97, 0.95, and 0.91 respectively.

The pH of precipitation and throughfall in MSF and LPF varied throughout the study period (Figure 2) with
rainfall generally higher than throughfall in both sub-types but with throughfall pH in MSF higher than in LPF. Rainfall
pH is slightly acid, ranging from 5.02 to 6.92 (mean 5.92) while throughfall pH ranges from 3.25 to 6.13 (mean 4.76) in
mixed swamp forest and from pH 2.90 to 6.12 (mean 4.37) in low pole forest.

Mineral Nutrient Content of Rainfall and Throughfall
Table 1 shows that ammonium-N is the predominant cation in bulk precipitation, followed by calcium, potassium,
magnesium, sodium, iron, and manganese which is present in lowest amount. Of the anions, phosphate is highest (4.624
kg ha'!) followed by nitrite (0.54 kg ha™'). In throughfall in Mixed Swamp Forest potassium is the major cation (24.13 kg
ha'!), followed by calcium, ammonium, magnesium, sodium, iron and manganese; anions follow the same pattern as
rainfall. In contrast, Low Pole Forest throughfall the calcium is the cation present in greatest quantity (22.341 kg ha''),
followed by potassium, ammonium, magnesium, sodium, iron, and manganese; anions follow the same pattern as Mixed
Swamp Forest.

Throughfall was enriched in most of these ions during thel year period (Table 2):
The largest enrichment of nutrients in MSF and LPF throughfall was K with +14.52 and + 11.718 kg ha’!, respectively.
The PO, nutrient enrichment is the smallest in both type of forest with 0.021 kg ha™' in MSF and 0.413 kg ha in LPF.
Manganese resulted in decreases of 0.023 kg ha! in MSF and 0.033 kg ha! in LPF. Nutrient were enriched in MSF
throughfall in the order of K>Mg> Ca>NO,-N> Fe>Na> PO,-P. In comparison, nutrient enhancement in LPF throughfall
was K> Ca> Mg> Na> NO,-N> Fe> PO,-P.
The quantity of (NH,-N) and Mn in throughfall was lower than in rainfall.

Table 1: Mineral nutrient content of rainfall (RF) and throughfall in MSF (MTH) and PF
(TF) during the one year study period in (kg ha™).

Code | Ca Mg K Na Fe Mn NO,-N | PO4 NH4-N
kg ha! kgha! |kgha' |kgha' |kgha' |Kgha' | kgha'| kgha'| kgha'

RF 15720 | 5.788 9.610 5.5204 | 3.250 0.223 0.540 4.624 16.508
MTH | 19.177 | 9.539 24.130 | 5.6643 | 3.945 0.200 3.353 4.645 15.122
TF 22341 | 11.606 | 21.328 | 7.7478 |4.412 0.190 2.198 5.037 13.240
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Table 2: Nutrient input in precipitation and throughfall in MSF and LPF reaching the peat

surface in Sebangau catchment area, Kalimantan.

Nutrient Rainfall Throughfall in | Throughfall in | Enrichment in Enrichment |[Enrichment Enrichment
(kg.ha') | MSF (kg.hal) | LPF (kg.ha') | MSF throughfall | in LPF factors factors
(kg.ha™) throughfall MSF ILPF
(kg-ha™)
Ca 15.720 19.177 22.341 3.457 6.621 1.22 1.42
Mg 5.788 9.539 11.606 3.751 5.818 1.65 2.00
K 9.610 24.130 21.328 14.52 11.718 2.51 2.22
Na 5.5204 5.6643 7.7478 0.1439 22274 1.03 1.40
Fe 3.250 3.945 4412 0.695 1.162 1.21 1.36
Mn 0.223 0.200 0.190 -0.023 -0.033 0.89 0.85
NO,-N 0.540 3.353 2.198 2.813 1.658 6.21 4.07
PO4-P 4.624 4.645 5.037 0.021 0.413 1.01 1.09
NH4-N 16.508 15.122 13.240 -1.386 -3.268 0.92 0.80
DISCUSSION

The Quantity and pH of Rainfall and Throughfall
Comparison rainfall data from air port area (Cilik Riwut airport, Palangka Raya, about 15 km from the study site) during
study period were slightly different (2809.4 and 2835.4 mm respectively).

This study shows that throughfall quantity in Low Pole Forest is higher than in Mixed Swamp Forest (see figure
1) with a mean of 2135.97 mm (76.0% or incident rainfall) and 1968.42 mm (70.1% of rainfall), respectively, and that
there are temporal variations throughout the year in both forest sub-types. Ahmad-Shah (1984); Ahmad-Shah and Rieley
(1989) reported similar temporal rainwater (precipitation) and throughfall variations in a study of nutrient fluxes in a
forested mire at Chartley Moss, England where throughfall ranged from 68% to 80% of precipitation. Henderson et al.,
(1977) obtained a variation from 83% to 89 % in four type of forest -Pinus, Liriodendron tulifera, Quercus prinus,
Quercus-Carya , in Tennessee, USA, while Ahmad-Shah ef al., (1991) reported a range between 55.6 % and 82.7 % in
peat swamp forest in Selangor, Malaysia. Moreover, Ahmad-Shah and Rieley (1989) suggest that variations in the amount
of throughfall reaching the forest floor may result from differences in intensity and duration of precipitation, differences
in the architecture of tree canopies, tree age and size, density, type of bark and foliage.

The pH of rainwater in the Sg. Sebangau catchment is slightly acidic (mean 5.92+0.32) but that the acidity of
throughfall is always higher in both MSF and LPF although the latter is more acid than the former (LPF mean: pH
4.37+0.32; MSF mean: pH 4.76+0.53). In comparison to other worker, the acidity of precipitation at Chartley Moss,
England was more acidic than that in Central Kalimantan (mean pH 4.23) and this led to and even higher acidity in
throughfall (mean pH 3.53) (Ahmad-Shah, 1984; Ahmad-Shah & Rieley, 1989). Similarly, Martin (1979) found that
precipitation at the Bowl, New Hampshire, USA, hardwood forest with spruce and fir, was also very acidic, ranging from
pH 3.3. to 5.2 with a mean of 4.0 and Likens & Bormann (1999) reported a pH range for rainfall in the Hubbard Brook
Experimental forest during 1965 -1974 of 4.0 to 4.4. The acidity in precipitation is generally due to the presence of SO, *,
NO, and organic acid and neutralized by Ca * and NH," (Kaya and Tuncel, 1997).

Moreover, Kaya and Tuncel (1997) suggest that variations in the pH value may result from differences in location
of research, for example, near or far industrial area, which produce emissions of acid precursor gases, particularly SO,.
Furthermore, (Al Momani ef al., 1995) state that in agricultural areas, neutralization of acidity in precipitation is could be
happened due to atmospheric NH, in agricultural areas where NH,NO, and (NH,), SO, containing fertilizer intensively
used.

Mineral Nutrient Content of Rainfall and Throughfall

Comparison to other study in several places in tropical forest indicated that the amount of atmospheric input reaching the
forest floor throughout the study period (Table 3) indicated is near to the highest of the range for calcium while sodium
and magnesium are near to below of the range.

It is well known that when water passes over vegetation it is enriched with macronutrients [Carlisle et al., 1966). Various
reason have been suggested to explain the changes, which occur in the chemical composition of precipitation as it passes
through a vegetation canopy. For example, the higher nutrient contents in throughfall compared to rainfall result from the
elution of air-borne particles such as aerosols, dust and pollen grains pollens impacted onto the forest canopy as water
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Table 3 : Annual fluxes of nutrients in bulk precipitation (R) and throughfall (T) in passes through and these are then

several places in tropical forests. transferred to the forest floor. It has
. Rain Ca Mg K Na NH4-N | POs-P|  Reference been SuggeSted that h]gh pollen levels
No Location in the atmosphere and pollen in situ

(mm) | (kgha) | (kgha)| (kgha) | (kgha') | (kgha')|(kgha™)

on trees can be washed down in the

I | Thi tudy| 28094 | 1572 | 579 | 961 |552 | 1651 | 4.624 | This stud . :
* Su 15 sty throughfall leading to increased

® concentration of K (Carlisle et al.,

In MSH 19694 | 19.18 |9.54 |24.13 |5.66 |1512 |4.645 | This study 1966). This is confirmed in the Sg.

) Sebangau study area where
reproductive parts, including pollen, in

In LPF 21359 [2234 |1161 |2133 |775 |1324 |5.037 | This study litterfall have the highest concentration

™ of K compared to other components,

2 | Selangor 2665|2015 |512  |2636 |3142 |18.12 |- Ahmad-shah | such as, leaves and branches
®) ctal 1991 Sulistiyanto et al., (2002). Other
authors confirm that enhanced K, Ca

Malaysia 1986|4674 | 1341 | 5087 |4850 |17.19 and Mg in throughfall and stemflow

M derives from foliage leaching (Reiner,

3 | New Guinea (R) | 3800 | 3.6 13 73 - - 05 | Grubb&Edw 1972; Eaton et al., 1973; Puckett,

ards. (1982) 1991). The quantity of nitrite (NO_-

2385226 122784 - ) 30 N) in throughfall was higher than in

M precipitation and may be due to the

4 | PuertoRico (R) | 3750 | 218 |49 182 |s72 |- ; Vencklaas enrichment of nitrite within canopy.
(1990) There is some evidence that trunks and

2775348192 13501832 - leaves of tree and shrubs are often

M covered with lichens, algae and

5 | Colombia 2115 [ 1001 |32 7.9 24.1 1828 | 0.72 | Veneklaas bryophytes that give rise to
(R) (1990) microtopographic epiphytic ésoili in

the canopy that might contain

1854 271|107 |952 |269 |2145 |1.67 . - .
nitrogen-fixing organisms (Edwards,

M 1982). Increasing concentrations of

6 Boundary Range | 2089 213 1.9 2.7 54 - - Crowther elements in throughfall could also be
v (1987) as result of dead twigs, branches and
Malaysia R e B R R bark (Ahmad-Shah et al., 1991).

]

Furthermore, trash fall, such as, bird
dropping, and the unclassified part of
litterfall collected in rain gauges may also contribute to the increased level of nutrients in throughfall.

The quantity of (NH,-N) in throughfall was lower than in rainfall. Ahmad-Shah et al., (1991) obtained same result
that was from 34.85 mg m week ! (rainfall) become 33.06 mg m? week “'(throughfall). Puckett (1991) state that ammonium
is strongly retained by canopy. Moreover, Marcos & Lancho (2002) proposed that under nutrient-limited (oligotrophic)
conditions, trees maybe able to minimize canopy leaching, and even take up nutrients precipitation, such as, nitrogen, as
a conservative mechanism to conserve nutrients.

CONCLUSION

In general, in the upper Sg. Sebangau catchment, Central Kalimantan the concentration of most nutrients in throughfall
is higher than in rainfall. Further study of the role of tree canopies, especially associated plant species of branches, leaves
and stems (e.g. bryophytes, lichens and other epiphytes and climbers) in nutrient retention and release in peat swamp
forest would do much to clarify our understanding of nutrient inputs to the forest floor and their potential availability for
nutrient cycling back to the trees.
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ABSTRACT

Micrometeorology of a tropical peat swamp forest in a devastated peatland in Central Kalimantan has been
measured continuously from July 2001 to November 2002. The existence of the rainy season in southern-hemisphere
summer and the dry season in winter was confirmed. The annual sum of precipitation for the first year was 1782
mm. Northern and southern winds prevailed in the rainy and dry seasons, respectively. Although wind was weak
throughout a year, wind velocity was higher in the dry season. Air temperature was almost constant with the
annual mean of 26.5°C. However, it decreased below 20 °C around dawn by radiative cooling in the dry season of
2002. VPD was low in the rainy season and high in the dry season. Daytime mean VPD was almost 5-15 hPa in the
rainy season and 10-20 hPa in the dry season. Large-scale peatland fires occurred around the forest in the dry
season of 2002 because of a drought caused by the El Nifio event. A large amount of smoke emitted from the fires
severely shaded solar radiation between mid-August and late October 2002. In the dry season, albedo and PPFD
reflectance increased and NDVI decreased owing to the change in the spectral reflectance of the forest. This NDVI
phenology was probably caused by water stress.

INTRODUCTION
Tropical peatlands exist under the condition of permanent waterlogging and acidification in the tropics. Indonesia contains
the largest area of tropical petlands, and Kalimantan has the area of 6.7 Mha in lowlands (Page et al., 1999). The peatlands
usually coexist a tropical peat swamp forest and have accumulated a large amount of carbon as organic matter for over
thousands of years. Recently, however, deforestation in the peatlands is advancing rapidly owing to a growing demand
for timber and farmlands. In addition, droughts caused by the El Nifio event devastated the peatlands by the promotion of
peatland fires (Page et al., 2002). In Central Kalimantan a large area of peatlands was deforested to develop farmlands as
a national project, the Mega Rice Project, in late 1990’s, and channels excavated for drainage dried the peat. The big
project, however, was revoked in 1999 mainly by the economic crisis (Riely and Muhamad, 2002). As a result, vast
devastated peatlands were left. The devastation of peatlands by deforestation and drainage promotes decomposition of
the peat through the disturbance of micrometeorology and water condition. The promoted decomposition increases the
release of carbon fixed in the tropical peat to the atmosphere as CO,, which is the most important green house gas. This
suggests that tropical peatlands will be a major CO, source for the atmosphere
in the near future.

Micrometeorology of a devastated peatland and CO, exchange between
the peatland ecosystem and the atmosphere have been measured continuously

N
The Kahayan River i

since July and November 2001, respectively, in Central Kalimantan in order ~|"2/angka raya
to investigate the effect of deforestation, drainage and fires on the CO, and e
energy balances of tropical peatlands. In this study, as the first step we report ,,A:I\Channel

the microclimate of a tropical peat swamp forest from July 2001 to November
2002. Details of the CO, and energy balances are in preparation.

MATERIALS AND METHODS

2.1. Site description

The study site is a tropical peat swamp forest remaining in Area B of the
Mega Rice Project near Palangkaraya, Central Kalimantan, Indonesia. The
forest is located between the Sebangau River and a channel running from
north to south (Fig. 1); water table in the forest was zonally reduced near the
channel. A tower of 50 m height was constructed about 300 m inside from
the northeast corner of the forest (2°20°41.6” S, 114° 2° 11.3” E) to measure
micrometeorology and CO, and energy fluxes. Dominant tree species of the
forest are Combretocarpus rotundatus, Cratoxylum arborescens, Buchanania
sessifolia and Tetrameristra glabra (Tuah et al., 2000) and rich shrubs grow
in the trunk space. The height of the forest canopy is about 26 m, and plant ~ Figrue 1. Schematic map of the study site.
area index (PAI) measured at 1.5 m height with a plant canopy analyzer

i ——

The Sebangau River
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(LAI2000, Licor, USA) was 4.5 m*> m in late June 2002.

2.2. Measurements of micrometeorological

The continuous measurement of micrometeorology was started at the middle of July 2001 on the tower. Four components
of radiation including downward and upward short- and long-wave radiation were measured at 40.6 m height with a
radiometer (CNR-1, Kipp&Zonen, The Netherlands); net radiation (R ) and albedo were calculated from these components.
Downward and upward photosynthetic photon flux densities (PPFD) were measured at 40.6 m with quantum sensors (LI-
1908, Licor, USA). Wind velocity and direction were measured at 41.7 m with a cup anemometer and wind vane (03001-
5, R.M. Young, USA). Precipitation was measured at 41.0 m with a tipping-bucket rain gauge (TE525, CSI, USA). Air
temperature and relative humidity were measured at 41.7 and 2 m with platinum resistance thermometers and capacitive
hygrometers (HMP45, Vaisala, Finland); the probe is installed in a non-ventilated radiation shield. Moreover, soil
temperature was measured at 5 cm depth with a thermocouple thermometer. Soil moisture was measured between 0 and
20 cm in depth with a TDR sensor (CS615, CSI, USA). Although TDR outputs should be calibrated by the oven drying
method for organic soils, the calibration is not yet made. Signals from the sensors were measured every 30 seconds, and
30-min means were recorded using a datalogger (CR10X, CSI, USA). The maintenance of the system and the collection
of the data stored in the datalogger were made once or twice a month. Since a commercial electric power is unavailable,
the measurement system works with DC power supplied by a solar panel and battery.

2.3. Calculation of NDVI

The normalized difference vegetation index (NDVI) was calculated from the following equation (Huemmrich et al.,
1999) using the data measured between 1000 and 1400 in local time when downward short-wave radiation (solar radiation,
S ) was larger than 600 W m?,

NDVI = (rOIR - rPAR) / (rom + rPAR) ey
Toar = EPARref/ EPAR (@)
Tor ™ (Sr-ref - EPARref) / (Sr - EPAR) 3)

E,.,=0.25X PPFD, E

PARref

=0.25 X PPFD_, (4)
where r,, . is an optical infrared reflectance, r,, , PAR reflectance, E,, , downward PAR, E,, . upward (reflected) PAR, S

upward (reflected) short-wave radiation, PPFD_ upward (reflected) PPFD. Units of PAR and PPFD are W m* and mmol
m? s, respectively.

RESULTS AND DISCUSSIONS

3.1. Microclimate from 2001 to 2002

Variations in microclimate from late July 2001 to mid-November are shown in Fig. 2, and the monthly values are shown
in Table 1. The distribution of wind direction is shown in Fig. 3 for southern-hemisphere summer (February 2002),
winter (July 2002) and the first year between August 2001 and July 2002.

In Kalimantan, the rainy season is in summer and the dry season is in winter (Hamada et al., 2002). Semiannual
precipitation (P) from October 2001 to March 2002 was 1332 mm, which was 75 % of the annual sum (1782 mm) for the
first year (Table 1). Wind direction (WD) also changed seasonally in accordance with the Asian monsson, from the north
in summer to the south in winter (Fig. 3). The relative frequency of southern wind (SE-SW) and northern wind (NW-NE)

Table 1. Monthly values of microclimate

Month s Re®  PPFD? Tmean? Tmax® Tmin® VPDma?'VPDmean™ v ? ph =9 wp!
(MJ m2d-Ty(mol m2d-1)  (C) (hPa) (ms1) (mmmo'y (C)
Aug. 01  19.0 13.1 389 263 315 224 226 141 21 19 sn™
Sep.01 17.3 127 353 266 317 230 212 129 17 105 (13)
Oct. 01 186 144 400 265 3156 232 1.7 129 1.7 208 NW(9)
Nov.01 17.0 137 367 254 306 221 198 1.3 16 227 266 NW(12)
Dec.01 166 13.0 367 259 307 230 172 95 18 207 266 W(12)
Jan, 02 156 121 342 26.3 306 236 16.6 89 16 269 26.7 MNNE(10)
Feb.02 17.0 13.0 369 267 311 237 182 104 16 170 269 NNE(11)
Mar.02 159 125 346 263 306 236 159 83 18 251 273 NW(9)
ppr.02 174 13.7 378 269 314 239 175 98 16 152 276  N(9)
May02 189 14.0 407 27.8 322 243 208 128 18 49 279 S(20)
Jun.02 157 117 339 263 305 232 159 95 16 116 273 S(20)
Jul, 02 20.3 14.4 42 8 26.8 321 228 225 14.1 2.2 g9 271 5(35)
Aug.02 189 124 375 263 315 221 240 156 28 13 264  S(32)
Sep.02 122 74 214 267 313 232 215 137 22 9 27.0 SSW(27)
Oct 02 133 85 244 273 321 235 244 149 19 128 275 SSW(19)
Annual” 7.4 132 374 265 312 232 182 M2 17 1782 274
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Figure 2. Variation in microclimate from July 2001 to November

2002. Data are five-days mean or sum.

200

were 43 and 26 %, respectively, during
the first year.

Solar radiation (S) and PPFD
were high in the dry season (Fig. 2a,
¢). In spite of the dry season, however,
they began to decrease at mid-August
2002. This is due to the shading of the
smoke emitted from large-scale
peatland fires around the forest. This
decrease also occurred for net
radiation (R ), while the difference of
R_between the rainy and dry seasons
was unclear (Fig. 2b). Upward long-
wave radiation (L ) depending on
surface temperature was almost
constant throughout a year at 38.5-
40.0 MJ m2 d"' (Fig. 2d). On the other
hand, downward long-wave radiation
(L,) depending on sky temperature
decreased in the dry season (Fig. 2d);
sky temperature depends on the
amount of cloud, water vapor and
aerosol in the atmosphere. In 2002,
however, L, began to increase in mid-
August when S decreased. This
increase in L, was caused by the
smoke from the petland fires.

Daily mean air temperature (7, _ )
at41.7 m height was between 23.0 and
29.5 °C with the annual mean of 26.5
°C for the first year. For daily
maximum (7 ) and minimum (7, )
air temperature, the range and annual
mean were 24.2-34.3 and 31.2 °C, and
19.9-25.9 and 23.2 °C, respectively
(Table 1 and Fig. 2e). The range and
annual mean between November 2001
and October 2002 of soil temperature
at 5 cm depth were 24.9-28.6 and 27.2
°C for daily mean (7)), 26.0-31.3 and
28.5 °C for daily maximum, and 23.1-
27.6 and 26.1 °C for daily minimum

(Fig. 2g). Air and soil temperatures were almost stable throughout a year, while 7 decreased below 20 °C twice; this
will be discussed later. Vapor pressure deficit (VPD) at 41.7 m was low in the rainy season and high in the dry season
(Fig. 2f). Daily maximum VPD was almost 15-25 hPa in the rainy season and 20-30 hPa in the dry season. Daytime mean
VPD, which was the daily mean VPD under the condition that S was larger than 10 W m~, was almost 5-15 hPa in the
rainy season and 10-20 hPa in the dry season. Soil moisture of top soil changed with precipitation (Fig. 2h). It was very
low in the dry season of 2002. Wind was weak, while wind velocity increased before and during a squall; daily mean

a) February 2002 b) July 2002

Figure 3. Relative frequency (%) of wind direction in a) February

c) August 2001 to July 2002

2002 (summer), b) July 2002 (winter) and c) the first year.

o1

wind velocity (¥) at 41.7 m was between
1 and 3 m s! with the annual mean of 1.7
m s (Table 1 and Fig. 2i). ¥ was higher
in the dry season when southern wind
prevailed.

a) daily solar radiation, b) daily net
radiation, ¢) daily PPFD, d) mean air
temperature, ¢) daily maximum air
temperature, f) daily minimum air
temperature, g) daily maximum VPD, h)
daytime mean VPD, i) mean wind
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Figure 4. Comparison of microclimate between 2001 and 2002 during the
dry season and the early rainy season, from late July to mid-November.
Data are five-days mean or sum.

velocity, j) sum of precipitation, k) mean
soil temperature, 1) most frequent wind
direction, m) relative frequency (%), n)
annual mean or sum between Nov. 2001
to Oct. 2002 for T and between Aug.
2001 and Jul. 2002 for the others.

3.2. Comparison of microclimate
between 2001 and 2002
Microclimate is compared between
2001 and 2002 during the dry season
and the early rainy season, from late
July to mid-November in Fig. 4. Large-
scale peatland fires occurred around the
forest in the dry season of 2002 because
of the long dry season and the
consequent drought by the El Nifio
event.

P was much smaller in 2002 than in
2001; the three-months sum of P from
August to November was 332 and 150
mm in 2001 and 2002, respectively
(Table 1). Moreover, the duration of
consecutive dry days was 34 and 50
days in 2001 and 2002, respectively
(Fig. 4k). Rain came at the end of the
dry season when the frequency of
southern wind and V decreased (Fig. 4i,
j). Although daily maximum VPD
frequently decreased below 15 hP with
rain events in 2001, it was always over
15 hPa in 2002 (Fig. 4g). S_and PPFD
began to decrease at mid-August in both
the year (Fig. 4a, ¢), and they continued
to decrease until late September in 2002;
the bottom value of PPFD was only one
third as large as PPFD in July. In 2001,
however, S and PPFD recovered at mid-
September. The difference in the
variations of S and PPFD between 2001
and 2002 was caused by the scale of
peatland fires. In Indonesia, farmers

start peatland fires for land clearance in the dry season, and the fires are naturally extinguished with rain at the beginning
of the rainy season. Thus the fires are naturally controlled within a small scale in a normal year such as 2001. However,
the fires spread out in the El Nifio year such as 2002 because the beginning of the rainy season is delayed. A large amount
of smoke emitted from the large-scale fires severely shaded S_and PPFD in 2002.

T . decreased to 19.9 °C at around dawn on 9 November 2001 in the rainy season and 15 August 2002 in the dry
season (Fig. 4f). Since R_in nighttime decreased below -70 W m?, radiative cooling occurred on 15 August. Assuming
that the emissivity of the forest surface is 0.98, the daily minimum temperature of the forest surface, which consists of the
canopy and forest floor was calculated at 24.2 and 19.8 °C at the time when T occurred on 9 November and 15 August,
respectively from L ; 19.8 °C is the minimum record of the surface temperature during the measurement. The minimum
surface temperature in 2001 was 21.2 °C on 15 August. This shows that the land surface is cooled most in the dry season

by radiative cooling, and suggests that the cooling is larger in the El Nifio year.

3.3. Seasonal variation in albedo and NDVI

Albedo, PPFED reflectance and NDVI were almost constant at 0.08-0.09, 0.023-0.027 and 0.71-0.74, respectively, for the
period with rain, from mid-September 2001 to early August 2002 (Fig. 2k, 1). Albedo and PPFD reflectance increased up
to 0.12, 0.04, respectively, and NDVI decreased to 0.64 in late September 2002 with drying, which appears as the
decrease of soil moisture (Fig. 2h). NDVTI also decreased to 0.65 in late August 2001. In November 2002, albedo decreased
back to the previous level (Fig. 41). Although there are no data for PPFD reflectance and NDVI, these are expected to
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return to the previous level from the change of albedo. This NDVI phenology was probably caused by water stress. It
seems that there is a threshold in soil moisture for NDVI. In addition, defoliation may occur and resulted in the decrease
of leaf area index (LAI) in the dry season.

CONCLUDING REMARKS

The existence of the rainy season in southern-hemisphere summer and the dry season in winter was confirmed in Central
Kalimantan. The annual sum of precipitation for the first year from August 2001 to July 2002 was 1782 mm. Northern
and southern winds prevailed in the rainy and dry seasons, respectively. Although wind was weak throughout a year,
wind velocity was higher in the dry season. Air temperature was almost constant with the annual mean of 26.5 °C for the
first year. However, it decreased below 20 °C around dawn by radiative cooling in the dry season of 2002. VPD was low
in the rainy season and high in the dry season. Daily maximum VPD and daytime mean VPD were almost 15-25 and 5-
15 hPa in the rainy season, and 20-30 and 10-20 hPa in the dry season, respectively. Large-scale peatland fires occurred
around the study site in the dry season of 2002 because of a drought caused by the El Nifio event. A large amount of
smoke emitted from the fires severely shaded solar radiation between mid-August and late October 2002. In the dry
season, albedo and PPFD reflectance increased and NDVI decreased owing to the change in the spectral reflectance of
the forest. This NDVI phenology was probably caused by water stress. For understanding the phenology, it is needed to
investigate the relationship between NDVI and forest physiology, such as CO, exchange and evapotranspiration, which
are under analysis.
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ABSTRACT

Four plots, those were: 30m x 100m; 50m x 60m; 20m x 150m and 20m x 70m at dry land forest-Df, hilly forest-Hf,
annual peat forest-APf and peat swamp forest-PSf of Muara Kendawangan Nature Reserve, West Kalimantan,
respectively were established in order to study the structure and species composition of the forests. In total, within
4 plots (1.04 ha) were recorded 1544 trees (dbh > 5 cm), belonging to 151 species. There are big variations in
floristic composition among plots, indicated by relatively low of the similarity indices. The highest Sorensonis
similarity index (20.7%) was found between Df and PSf plots, and only three species (Syzygium laxiflorum, Litsea
firma and Syzygium laxiflorum) were distributed at the fourth plots. Total number of species in PSf plot was higher
(60 species; diversity index - H’=3.6463) than that of Hf plot (56 species; H’=2.8465), Df plot (49 species; H’=2.9182)
and APf plot (34 species; H’=2.2023). Density and total basal area of trees per ha in peat forest plots (PSF and APf)
were higher than that of dry land forest (Df and Hf). The most abundance tree species in PSf plot were Pternandra
rostrata, Barringtonia reticulata and Myristica elliptica, whereas in Hf plot were Haemocharis ovalis, Guioa pubescens
and Shorea parvifolia, in Df plot were Schima wallichii, Lithocarpus blumeanus and Pternandra rostrata, in APf
plot were Shorea balangeran, Pternandra rostrata and Combretocarpus rotundatus. The influence of soil physical
condition on structure and species composition will also be discussed.

Key words: preliminary study, tree species, forest structure, species composition and Muara Kendawangan Nature
Reserve.

INTRODUCTION

The resort of Muara Kendawangan Nature Reserve which is 150.000 ha wide is located in South West beach area and the
Southern part of Kalimantan facing to Kalimantan strait. Administrationally it is located in Ketapang Regency, the Province
of West Kalimantan. This resort has some habitat which is different one another that will make a big flora variation. On
this Nature Reserve we can find peat swamp forest, dry low land forest and Hilly forest. Some kind of commercial wood
like meranti (Shorea spp.), Ulin (Eusideroxylon zwageri), Jelutung (Dyera lowii) inhabit the low land forest in this
Nature reserve resort. Some fauna like rusa-deer (Cervus unicolor), penyu belimbing (Dermochellelys coriaceae), kura
gading (Orlitia borneensis), bekantan (Nasalis larvatus) and some kind of sea birds reported still can be found here. One
of the uniqueness that is owned by this Nature Reserve is a thousands hectares of savannah. This savannah is a peace for
the deer and other kinds of fauna to feed.

Comparing with the Natural Park which exist in West Kalimantan, This Nature Reserve his not much been done a
research yet, so the information about the condition and all the Natural Resources are still very limited. To know more
detail about the condition of the vegetation, specially the forestis flora, the research has been done on July 2000 to this
resort.

GENERAL CONDITION OF RESEARCH SITE

Peat Swamp Forest - PSf

The result of the measurement on one of the point in the plot using a means of GPS (Global Position System), this forest
is located in the geographical position of 2°37°50”South latitude and 110°17°23.4” East longitude on 15 m above the sea
level. The condition of the land mostly (80%) watery and another parts forming small channels to the south with a very
slow stream. The topography of the plot is generally flat. The thickness of peat layer is generally more than 3 m. The
down plant is relatively scarce, whereas the trees tend to grow in groups in a bit dry places. However the closing of the
treeis canopy is dense and no gaps.

Annual Peat Forest - APf

95



This plot of forest can the found in the Northern part of peat swamp forest, in the geographical position of 2° 37°5” South
latitude and 110° 17°28.3” East longitude in the height of 5 m above the sea level. The topography is flat, about a quarter
of the plot is watery and the rest is a little watery to a bit dry. The thickness of peat layer less than 1 m. The closing of trees
canopy is a bit opened make it possible for the teki (Cyperus sp.), Fimbristylis sp. and some kind of Taenitis sp. to grow
in this forest floor.

Dry Land Forest - Df
This forest plot is located in the Northern part of the annual peat forest, in the geographical position of 2°36°33” South
altitude and 110°17°12” East longitude in the height of 10 meters above the sea level. It has a flat topography with a
relatively dry land. This forest plot is splitted by a small river
(Sumbar river). The water flow slowly to the South which is
about 50 m depth. The height of the water level in the river is 1.5
meters below the forestis floor surface, the river is about 3 meters
wide. The closing of the trees canopy is a bit opened by the gap
existence. This gap is caused by the cut of some big trees.

= [HDONESIL

Hilly Forest - Hf

This forest’s plot is located in the Northern part of the annual
peat forest, in the geographical position about 2°34°36” South
altitude and 110°15°16” East longitude in the height of 35-50 m
above the sea level. The topography is sloping, with the sloping
degree 5°-20° facing to the west. It has a dry land. The canopy
treeis closing is relatively dense with a little destruction.

RESEARCH METHOD
The data citation is done by using a plot method. The plot size in
each type of forest vary, the plot of APf 150m x 20m, Df plot
100m x 30m, Hf plot 60m x 50m and PSf plot 70m x 20m. The
plotis size is vary because the good forest in each type of forest
has narrow and disperses location alternated by a secondary forest ;
and bush. So the total width of the four plot citation is 1,04 Keterangan: [ Fawa dalam Dataran kering
hectare. Rawa dangkal (4] Bukit

The fourth mayor plot are divided into some sub plot Figure 1. Map of plot study
measures 10m x 10m. all trees species has a diameter breast
height (dbh) >5 c¢m in the sub plot is chopped. The data collected
include the name of species, stem diameter, the height of the tree and the height of free branch. The measurement of the
stem diameter for all the treeis species are done as high as chest position (130m) from the soil level (dbh.). The voucher
specimenis of each tree taken, further more it is identificated in Herbarium Bogoriense, Research center for Biology,
LIPI (Indonesian Institute for Science Bogor).

Table 1. Some gathered information on the forest structure from each plot

Plot
PSf APf Df Hf
Number of species 60 34 49 56
Shanon’s diversity index 3.6463 2.3023 29182 | 2.8465
Evenness index 0.8870 0.6529 0.7422 0.7041
Number of trees 175 703 261 405
Density /ha 1250 2341 869 1349
Basal area (mz) 4,3 8,48 6.3 6,79
Basal area /ha (m?) 30,68 28,24 2098 | 22,62
Basal area per tree (mz) 0,0246 0,0121 0,0241 0,0168
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Figure 3. Tree distribution based on dbh class.

Df plot

RESULT AND DISCUSSION

The total number of the treeis species
(dbh< 5 cm) in the four plots of
research are 151 species which
classified into 90 genus and 38
families. The curveis area species in the
four plots of research is served in
Figure 2. The total number of species
reach 1544 trees with a basal area 25.9
m?2. In Figure 3 showed tree
distribution based on dbh class in the
each plots.

PSf Plot

The richness of trees species (dbh > 5
cm) in this forest plot is high enough.
From the temporary result of
identification to all of voucher
specimen, there are 60 species of trees
with the density 1250 trees per hectare
and the basal area 30.68m? per hectare
(Table 1). Ladi (Pternandra rostrata)
is the greatest in number 143 treeis per
ha, followed by kumpang karut -
Barringtonia reticulata (114 trees/ha)
and Kumpang - Myristica elliptica (64
trees/ha).

APf plot

The richness of treeis species (dbh >5
cm) in this forest plot is low. From the
temporary result of identification to all
of voucher specimen there are 34
species of trees with the density 2341
trees per hectare and the basal area
28.24 m? per hectare (Table 1). The
greatest number of trees are balangeran
(Shorea balangeran) with 523 trees/ha
followed by ladi (Pternandra rostrata)
513 trees /ha and parapat
Combretocarpus rotundatus (423 trees/
ha).

The richness of treeis species (dbh > 5 cm) there are 49 species in this plot with the density 869 trees per hectare and
basal area 20.98 m? per hectare (Table 1). The greatest number of trees are penaga (Schima wallichii) with 193 trees/ha,
followed by kempaning - Lithocarpus blumeanus (140 trees /ha) and Ladi - Pternandra rostrata (127 trees/ha)

Table 2. Number of species, trees and basal area per sub plots (100 m?)

PSf APf Df Hf
Jumlah Jenis 9,8 + 93 7,6 + 3,8 5,6 £ 5.2 7,6 £ 3,7
Jumlah Individu 12,5 + 10,7 234 + 614 8,7+ 11,6 13,5 + 21,7
Luas bid. dasar (m®) 0,31 + 0,05 0,28 + 0,01 0,21 + 0,01 0,23 + 0,02
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Hf plot

The richness of treeis species (dbh > 5 cm) in this plot is noted 56 species with the density 1349 trees per hectare, and
basal area 22.62 m? per hectare (Table 1) The greatest in number of trees are betapai putih (Haemocharis ovalis) with
326 trees/ha followed by nyamnyam - Guioa pubescens (210 trees /ha) and penaga Schima wallichii (173 trees /ha.).

Table 3. Sorenson’s Similarity index from each plot

PSf APf Df
PSf -
APf 13.79 -
Df 20.70 10.17 -
Hf 5.48 5.05 18.62

Diversity
From Table 1 we can see that PSF has the richest species, followed by Hf, Df and APf plot. The similar illustration
relatively can be seen from the number of species per sub plot (100m?) showing the richness of the highest species in PSf
plot and the lowest in APf plot and Df plot (Table 2). However the richness of species among sub plot. On PSf plot seen
to be more varieties compared with another type of forest as can be seen from a very high basic deviation mark (Table
2).
Based on diversity and evenness indices is known that, the trees of PSf plot has the highest in diversity and evenness
indices compared with another plot. In contrary APf plot has the lowest diversity and evenness indices (Table 1).

Another illustration that can also be used
to see the diversity and evenness label in a certain
plot is by seeing species distribution model. It is
done by describing the abundance of the species
from the biggest in number to the most rare in —a— Apf
each plot (Magurran 1988). From the abundance
species model in each plot (Figure 4) generally it
shows the same pattern with another tropical forest
that is only a small part has abundance species,
while another species relatively rare. However if
we see from the steepness of its curve, it is seen
clearly that APf plot is steeper that shows only a
small part of species is dominant. Three species
which are abundance in APf plot (Shorea
balangeran, Pternandra rostrata,
Combretocarpus rotundatus) mastering 62.3 %
(1459 trees/ha) from all treeis species (2341 trees/
ha) in that plot. The mastery of the most abundance
of the three species (Schima wallichii, Lithocarpus
belumeanus, Pternandra rostrata) in Df plot is
lower, that is 52.9 % (460 trees/ha) from all the
trees species (869 trees /ha) in that plot. So is in
Hf plot, the mastery of the most abundance of the
three species (Haemocharis ovalis, Guioa
pubescens, Shorea parvifolia) is noted 52.6 % (709
trees/ha) from all the trees species (1349 trees/ha) 1
in that plot. Whereas on PSf plot the mastery of Species rank
the three abundance species (Pternandra rostrata,
Barringtonia reticulata, Myristica elliptica) much
lower, that is 26.9 % (336 trees/ha) from all the
trees species (1250 trees/ha) in that plot. From the above description it shows that the evenness of the species of trees in
APf plot is relatively low and contrary in PSf plot is relatively high.

If the type of trees in the fourth plot of research compared with one another, there are big enough species
variation. This is reflected by the low of similarity index that is counted based on Sorenson’s formula (Magurran, 1988;

1000 -

100 -

Density/ha (log scale)

-
o
|

Figure 4. Abundance species model in each plot
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Mueller-Dombois. and Ellenberg, 1974). The highest of similarity index is only 20.7 % that can be found between Df and
PSf plot (Table 3). This result is surprising, because Df plot which is located in the red yellow podsolic land and PSf on
the peat land, precisely has the biggest similarity index. Pternandra rostrata, Litsea firma, Lithocarpus blumeanus and
Barringtonia reticulata, which are relatively abundance in both plots seem to be the species which are very tolerant to the
soil difference. In contrary, Shorea balangeran, Combretocarpus rotundatus and Cratoxylum glaucum are species which
sent to prefer shallow peat land which watered seasonally. Some species which is predicted has specific distribution in
the land which has thicker peat layer and permanently watered are Myristica elliptica, Polyalthia lateriflora and Endiandra
rebescens. Myristica elliptica and Polyalthia lateriflora previously has reported by Simbolon and Mirmanto (2000) as
species of swamp forest tree in Central Kalimantan. In contrary the species of Cotylelobium lanceolatum and Guioa
fubescens seem to be the types which are not strong enough with water and inhabate.
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ABSTRACT

We reconsidered the typology of Sumatran peat swamp forests. The sequential zoning along the distance from
rivers starting from mixed peat swamp forests, changing into méranti paya forests, and ending in padang suntai
forests was detected. Sequential zoning was also reported in peat swamp forests of Sarawak and Brunei, which
have rather peculiar flora compared with the peat swamps of surrounding areas. Despite the differences in flora,
forest types were well corresponded between Sarawak / Brunei and Sumatra. Among several measurements, canopy
height, peat depth, EC and the amount of litter fall showed significant relations with distances from rivers. Based
on this finding, we proposed a hypothesis to explain the formation of vegetation zoning.

Key words: litter fall, nutrient cycle, peat depth, peat swamp forest, vegetation zoning

INTRODUCTION

The most detailed studies about the typology of vegetation in tropical peat swamps of Sarawak and Brunei were carried
out by Anderson (1961). However, these areas have rather peculiar flora compared with peat swamps of surrounding
areas, including the Malay Peninsula, Sumatra and Kalimantan. Anderson (1976) and Page et al. (1999) also reported on
vegetation of peat swamps of Sumatra and Kalimantan. However, the typology they described is too simple and its
correspondence with vegetation zoning of Sarawak and Brunei is unclear. We reconsidered the typology of Sumatran
peat swamp forests, and found that vegetation zoning is well corresponded with that of Sarawak and Brunei. The result
has been partly published (Momose & Shimamura 2002, Momose 2002) in wider contexts of social forestry, but in this
paper we present complete data and more detailed discussions focusing on vegetation zoning.

Huge areas of lowland plains of the western Malay Archipelago, except for marginal areas near the foot of hills, where
freshwater swamp forests (Whitmore 1982) are dominant, are covered with peat swamp forests (18 million ha, according
to Driessen 1978). Flooding does not occur year-round, but small pools sometimes appear when the water table rises. The
soil is mineral-poor (the content of organic matter is higher than 75%). The underground water and the water of seasonal
pools is acid (pH 3-5) (Anderson 1961, 1964).

When we leave riverbanks of lowland plains for the interior of the peat swamps, we observe remarkable shifts in
vegetation. Peat swamp forests found in zones neighboring riverbanks are called mixed peat swamp forests. In mixed
peat swamp forests, the peat is less than 2m deep, allowing tree roots to reach mineral soils. In Sarawak and Brunei
(Northwest Borneo), this vegetation is characterized by Dryobalanops rappa (kapur paya, Dipterocarpaceae) (Anderson
1961). In the rest of the western Malay Archipelago, Koompasia malaccensis (menglis or kompas, Leguminosae) and
several species of Gluta (kelakap or réngas, Anacardiaceae) are typical elements, according to a review by Yamada
(1991). The forest height is over 40 m.

As we proceed further from the rivers, the peat becomes thicker and thicker (Anderson 1964, Supiandi 1988a, b, 1998,
Supiandi & Furukawa, 1986, Furukawa 1992). The vegetation also changes. In Sarawak and Brunei, the vegetation shifts
as follows: 1) mixed peat swamp forests, 2) alan batu / alan bunga forests, 3) padang alan / padang médang forests, and
4) padang kerntum forests. According to Anderson (1961), however, some intermediates are recognizable.

Alan batu forests and alan bunga forests are as high as (or sometimes higher than) freshwater and mixed peat swamp
forests: over 40 m (sometimes up to 70 m: Anderson 1961). Forest height is lower in padang alan / padang médang forests
(30 m) and padang kerntum forests (10-20 m). The dominant species in alan batu and alan bunga forests is Shorea albida
(alan or empenit, Dipterocarpaceae). Although these two forest types share a common dominant species, they differ in
the species compositions of some minor components and in the wood quality and diameter of alan (namely, alan of alan
batu forests have harder woods and larger diameters). Padang alan forests are also dominated by alan, but the trees are
much smaller and the minor components differ greatly from alan batu / alan bunga forests. Padang mEdang forests occur
in the same habitat as padang alan forests, and are dominated by Litsea palustris (médang, Lauraceae). The species
composition varies in padang kerntum forests, but there are common important members, such as Combretcarpus rotundatus
(kerntum or garam-garam, Rhizophoraceae).

The rest of the western Malay Archipelago has been poorly studied. Anderson (1976) also reported on the vegetation of
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peat swamps in Sumatra and Kalimantan. He recognized only two forest types, mixed peat swamp forests and padang
forests. The typology was too simple in that study, and the correspondence in the vegetation zoning of Sarawak and
Brunei is unclear. More-detailed studies on the vegetation zoning of peat swamp forests are required in areas other than
Sarawak and Brunei.

MATERIALS AND METHODS

We settled seven plots in Sumatrais Kerumutan Wildlife Sanctuary (KWS), located between the Kampar River and
Inderagiri River (NO°0-8', E102°27-33") in Riau province. Seven plots were located along a line from the river to the
interior of the swamp at intervals of ca. 500 m. The distance was measured by counting steps. In each 40 x 60 m plot, each
tree over 10 cm in dbh (diameter at breast height) was identified and its dbh was recorded. In 20 x 20 subplots, each tree
over 1 cm in dbh was identified. Voucher specimens were identified in Herbarium Bogoriense (BO) and donated to that
herbarium.

The height of the highest tree in each plot was measured trigonometrically. Peat depth was measured in each plot by
hand boring. The water quality of each small pool (1-3 m?) found in each plot was measured at the beginning of April,
2001. pH was measured with a Horiba compact pH meter, B-211. EC (electric conductance) and ORP (oxidation reduction
potential) were measured with a Horiba model D21. Concentrations of CI, NH,*, NO,", NO,’, phosphoric P, and SO *
were measured with a Kyoritsu Aquasearch Lambda 8020. Levels of underground water were measured on a single day
(24 March, 2001) at 10 points per plot at intervals of 2m along a 20m line within each plot.

The plots were named A, B, C, G from the riverside to the interior. In the plots A, C, E, we settled ten litter traps per plot.

The litter traps were 1m in diameter, and with ca.] mm mesh. They were placed ca. Im above the ground, at intervals of
S5m along the line at the center of each plot. Litters trapped were collected every month for one year from September
2001. They were dried using kerosene stoves for three days (ca. 80°C) and weighed.

RESULTS

As shown in Fig. 1 and Table 1, the dominant species changed as follows. In the plot nearest the river, Koompasia
malaccensis and Durio lowianus (durian, Bombacaceae) were dominant among canopy trees. Gluta rostrata was another
conspicuous trees near rivers, although it was not found in this first plot. This result corresponds with the typical composition
of mixed peat swamp forests reviewed by Yamada (1991).

When we proceeded to ca. 500 m from the river, the dominant species changed. Shorea teysmanniana (méranti onék,
Dipterocarpaceae) was the dominant top canopy species, followed by Swintonia glauca (ongds, Anacardiaceae). The
third plot (ca. 1 km from the river) had similar components. When we reached ca. 1.5 km from the river, the dominant top
canopy species were Palaquium burckii (suntai, Sapotaceae) and Swintonia glauca.

Among sub-canopy trees, Ganua mottleyana (boangku, Sapotaceae) was dominant throughout the seven plots. However,

some selected species (Knema intermedia,
Mangilietia glauca, Neoscortechinia kingii,

10 - L and Stemonuros scorpioides) showed
e remarkable changes in dominance as the
Sz distance from the river changed (Fig. 1).
N e menws:  Species diversity tended to decrease in plots
—o— Swintonia far from the river (Table 2).
—A—i:’:::fm Canopy height also decreased as distance
burckii from the river increased: it was 46 m in the
0 - %

plot nearest the river and 34 m in the plot ca.
2.5 km from the river (Table 3). The difference
in water quality was remarkable only in EC

06 (Table 3), which fell as we moved farther from
iy i the river, indicating low cation contents. The

0.4 peat became thicker as we moved farther from
o the river (Table 3), as reported in a number of

65 B Hegscortechi studies (Anderson 1964, Supiandi 1988a, b,
e Ry 1998, Supiandi & Furukawa, 1986, Furukawa

Bl iy 1992). Other measurements (pH, ORP,

¢ contents of CI', NH,", NO,’, NO,’, phosphoric
Figurel. Changes in basal areas of dominant species (top) and P, and water table level were not significantly
selected understory tree species (bottom) against distances from related with distance from the riverbank (Table
the river. Data was partly published in Momose & Shimamura 3). The amount of litter fall was similar
(2002). between the plots A and C, but was

significantly smaller in the plot E than the in other two plots (Table 4).
As aresult of a cluster analysis (based on Euclidean distances calculated from basal areas and connected by the UPGMA
method), three clusters were recognizable (Fig. 2). The plot nearest the river (A) was a cluster by itself, the next two plots
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Table 1. Species composition of seven forest plots of peat swamp forests that are different in
distances from the river. The plot A was located near rivers, and other plots were located at

the intervals of 500 m. Data was partly published in Momose & Shimamura (2002).

% basal area % basal area
Plot A Plot D
Ganua mottleyana  Pierre ex Dub. 13.2 Ganua mottlevana  Pierre ex Dub. 28.7
Koompasia malaccensis ~ Maing. ex Benth. 8.7 Swintonia glauea  Engl. 229
Durio lowianus ~ Sort. ex King 8.4 Palagquim burckii  H.J. Lam 8.4
Diospyros diepenhorsii  Miq. 6.4 Parartocarpus forbesii  (King) FM Jarrett 5.0
Vatica pauciflora  (Korth.) BL. 6.1 Xviopia malayana  Hk.f. et Th 4.7
Stemonuros secundiflorus B 4.1 Stemonuros secundiflorus B 4.2
Crudia subsimplicifolia ~ Merr. 3.6 Diospyros diepenhorsii  Miq. 4.1
Pouteria malaccensis  (Clarke) 33 Gonistylus bankanus  (Miq.) Kurz. 3.2
Polyalthis glauca  (Hassk.) Boerl. 33 Shorea teysmaniana  Dyer ex Brandis 3.0
Knema intermedia (Bl.) Warb. 3.0 Tetramerista glabra  Miq. 2.7
Plot B Plot E
Shorea teysmanniana  Dyer ex Brandis 13.1 Ganua mottlevana  Pierre ex Dub. 24.7
Ganua mottleyana  Pierre ex Dub. 12.7 Swintonia glauca  Engl. 17.8
Gonistylus bankanus ~ (Miq.) Kurz. 8.6 Stemonuros secundiflorus Bl 5.9
Tetractomia tetrandra  (Roxb.) Merr. 7.4 Palaguim burckii  H. J. Lam 5.8
Swintonia glauea  Engl. 6.2 Parartocarpus forbesii  (King) FM Jarrett 57
Stemonuros scorpioides  Becc. 5.5 Diospyros diepenhorsii ~ Miq. 4.8
Tetramerista glabra  Miq. 4.1 Aglaia argentia  Bl. 4.4
Shorea uliginosa  Foxw. 4.1 Tetractomia tetrandra  (Roxb.) Merr. 4.3
Stemonuros secundiflorus Bl 38 Alstonia angastiloba ~ Miq. 34
Aglaia argentia  Bl. 3.6 Gluta aptera (King)  Ding Hou 32
Plot C Plot F
Ganua mottleyana  Pierre ex Dub. 26.8 Ganua mottievana  Pierre ex Dub. 30.7
Shorea teysmaniana  Dyer ex Brandis 17.9 Swintonia glauea  Engl. 12.4
Tetramerista glabra  Miq. 13.6 Palaguim burckii  H. J. Lam 9.6
Swintonia glauca  Engl. 6.2 Parartocarpus forbesii ~ (King) FM Jarrett 6.6
Stemonuros secundiflorus Bl 5.1 Gonistylus bankanus  (Miq.) Kurz., 4.5
Aglaia argentia  Bl. 4.3 llex pleiobrachiata  Loes. 4.1
Stemonuros scorpioides  Bece. 29 Xylopia malayana  Hk.Y. et Th 38
Knema intermedia  (Bl.) Warb. 2.7 Shorea teysmaniana  Dyer ex Brandis 35
Shorea uliginosa  Foxw. 2.5 Tetramerista glabra  Miq. 33
Tetractomia tetrandra  (Roxb.) Merr. 2.4 Stemonuros secundiflorus Bl 3.1
Plot G
Swintonia glauca  Engl. 21.2
Palaguim burckii  H. J. Lam 20.4
Ganua mottleyana  Pierre ex Dub. 14.4
Gonistylus bankanus ~ (Miq.) Kurz. 7.7
Campnosperma coriaceum  Ridl. 43
Shorea teysmaniana  Dyer ex Brandis 4.0

(B and C) formed another cluster, and the four plots farthest from the river (D, E, F, and G) formed the third cluster.
Within the third cluster, the farthest plot (G) was relatively distanced from the other three plots.

DISCUSSION

In conclusion, three types of forests are recognizable. The forest in the plot nearest the river is identical to mixed peat
swamp forests. As pointed out in previous studies, mixed peat swamp forests grow in peat shallow enough to allow plant
roots to reach mineral soils.

In the next zone, the peat was deeper and the plant roots did not reach mineral soils. However, the canopy was still high
and the water was cation-rich. We call this the méranti paya forest. Here, “méranti” is a generic Malay term indicating the
species Shorea, Section Mutica; and “méranti paya” means “méranti found in swamps”. According to the review by
Yamada (1991), some Sumatran peat swamp species of méranti are also found in peat swamps of the Malay Peninsula
and Kalimantan. Thus, méranti paya forests will be found also in these areas. Anderson (1976) confuses méranti paya
forests with mixed peat swamp forests, but these must be clearly distinguished from each other, because méranti paya
forests occur in the same habitats as alan batu / alan bunga forests, in which plant roots do not reach mineral soils (Tables
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Table 2. Indexes calculated from vegetation census of seven forest plots. Data was partly

published in Momose & Shimamura (2002).

Plots A B c D E F G
"No. ind. (dbh= lcm) 173 322 243 270 303 338 292
2No. sp. (dbh= Icm) 59 54 40 46 47 48 45

® Div. index (ind. no.) 367 341 310 298 326 324 3.18
* Basal area (m*/ha) 322 336 327 381 319 300 363
®No. sp. (dbh= 10cm) 48 45 31 32 34 33 38

© Div. index (basal area) 332 312 248 240 267 258 2863

" Number of individuals (dbh = 1cm) found in subplots (20 x 20 m).
2 Number of tree species (dbh = 1em) found in subplots (20 x 20 m).

* Diversity index, N'. N' = =, (n;/ N) In (n; / N), where N is total number of individuals over 1
cm in dbh found in subplots{20 x 20 m), and n; is number of individuals of species i.

“ Total basal areas of trees (dbh = 10cm) found in plots (40 x 60 m).
¥ Number of tree species (dbh = 10cm) found in plots (40 x 60 m).
® Diversity index, N'. N' = X, (n,/ N) In (n,/ N), where N is total basal areas of trees (dbh=

10cm) found in plots (40 x 60 m), and n, is the basal area of species i.

Table 3. Measurements of seven forest plots. Data was partly published in Momose &

Shimamura (2002).

Plots A B c D E F G g
Canopy height (m) 460 386 429 414 360 335 360 -34°
Peat depth (m) 04 42 48 53 58 63 85 21*
pH 33 35 35 34 35 3B 34 NS
EC (ms/m) 155 11.0 143 97 107 90 93 -1.9*
ORP (mV) 288 284 164 331 298 293 238 NS
CI (mg/1) 33 07 12 18 12 12 11 NS
NH,* {mg/l) 13 12 16 15 12 15 08 NS
NO,™ (mgfl) 001 002 001 002 001 002 001 NS
NO;™ (mgfl) 014 010 007 010 009 010 007 NS
phosphoric P (mg/l) 012 016 009 009 010 <01 011 NS
30,% (mafl) <5 <5 <5 <5 <5 <5 <5

Water table (cm) " 271 371 391 401 301 242 281 NS

(10.9) (10.9) (7.0) (11.0) (10.2) (5.5) (10.4)

‘P.verage of levels of underground water in March among ten points per plot and SE in
brackets.
2 Coefficient of regression analysis between distance from the riverbank (km) and

measurements. N5: coefficient was not significant. *: p < 0.05. **: p < 0.01.

64



Table 4. Litter fall in three plots that differ in distances from the river.

Plot A C E
Sample size 10 10 10
Mean litter fall’ 60.9 57.7 37.1

(g /month / m?)

SE 14.2 4.85 14.1

'F=10.5, p < 0.01 (ANOVA); A vs. C: z = 0.64, NS (Bonferroni's LSD); A vs. E: z = 3.55, p
< 0.003 (Bonferroni’s, LSD); C vs. E: z = 4.11, p < 0.003 (Bonferroni's LSD).

(Euclid distance m®/ha)
A

A B C D E F G

Figure 2. A result of a cluster analysis of seven forest plots of peat swamp forests at different
distances from the river, based on Euclidean distances calculated from basal areas, and
connected by the UPGMA method.

Table 5. Vegetation zoning of Sumatran peat swamp forests.

Vegetation types EC (ms/m) Peat depth Dominant genera
Mixed peat swamp forests >15 <2m Koompasia, Durio
Meranti paya forests 11-15 2-5m Shorea, Swintonia

Padang suntai forests  8-11 >5m Palaquium, Swintonia

Table 6. Correspondences of forest types between two regions within Western Malay

Archipelago, which differ in flora.

Sarawak, Brunei

Sumatra

zone 1 mixed peat swamp f. mixed peat swamp f.
zone 2 alan batu / alan bunga f. méranti paya f.
zone 3 padang alan / padang médang f. padang suntai f.
zone 4 padang kerntum f. absent
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5, 6).

Forests with lower canopy heights were found in the areas farthest from rivers. Anderson (1976) called them padang
forests. If we follow the terminology that Anderson used in Sarawak and Brunei, the forests found in areas farthest from
rivers in Sumatra should be called padang suntai forests. Here, isuntai” is the Malay name for Palaquium burckii, a
species characterizing the vegetation. According to Anderson (1976), suntai is also dominated in Kalimantan in the same
habitats as Sumatra. This is the forest type that replaces the padang alan / padang médang forests in Sarawak and Brunei
(Table 6). In KWS, peat depth was 5 m at the boundary between méranti paya forests and padang suntai (Table 3).

Forests identical to the padang kerntum forests of Sarawak and Brunei are also found in Kalimantan (Anderson 1976).
However, forests whose canopy heights are as low as those of the padang kerntum forests were not found in Sumatra,
according to our field observation, interpretation of aerial photographs (padang kerntum forests are distinctive in their
fine tree crowns), and interviews with local Malays. In the aerial photographs, we sometimes found forests with fine tree
crowns near rivers. However, these are flooding forests dominated by Syzygium, whose crown sizes are considered to be
limited because of heavy flooding. If padang kerntum forests exist, they should be found far from rivers. However, such
forests were not found in aerial photographs of three main lowland plains on the Sumatran east coast: the Kampar,
Inderagiri, and Batan Hari regions.

For simplification, we apply a single term, padang forests, to refer to padang alan, padang médang, padang suntai, and
padang kerntum forests, if it is not necessary to distinguish between them.

Hydrological conditions no doubt have significant effects on vegetation, but the level of the water table was not
significantly related with distance from the riverbank (Table 3). Thus, other factors determining vegetation types should
be considered. In our hypothesis, the mechanisms by which forest zoning is formed are explained as follows.

When peat starts to accumulate, mixed peat swamp forests cover the shallow peat. Trees absorb nutrients from mineral
soils under the peat, and litter containing nutrients is deposited as peat. Thus, minerals are stocked in living plants plus
peat, while mixed peat swamp forests cover the shallow peat. When the peat becomes thicker than 2m, tree roots no
longer reach mineral soils. Thus, nutrients are circulated between living plants and the peat (a small amount is supplied
from rainfall but not from mineral soils or river water). As the peat becomes thicker still, plant roots do not reach the
lower parts of it, and nutrients contained there are excluded from circulation. Thus, as the peat thickens, the amount of
circulating nutrients becomes smaller. As long as rich nutrients are circulated, the biomass is large, allowing alan batu,
alan bunga or mEranti paya forests to occur. After the peat becomes thick and the amount of circulated nutrients is
reduced, the biomass decreases, and thus padang kerntum forests occur. As we move farther from rivers, peat depth
increases, and we can observe this vegetation succession, starting from mixed peat swamp forests, passing through alan
batu / alan bunga forests or méranti paya forests, and ending in padang kerntum forests. Pollen analysis carried out by
Morley (1981) suggested that vegetation succession occurred as peat became thicker.

Although we have not yet measured nutrient flows, the amount of litters changed among vegetation types showing the
pattern expected in the above hypothesis. The amount of litter fall was similar between the mixed peat swamp forest (plot
A) and the méranti paya forest (plot C), but was significantly smaller in the padang forest (plot E) (Table 4).

Furukawa (1992) suggested a different mechanism. Padang forests occur as a result of the flowing away of nutrients
that had been stocked in the peat. It is possible for this to occur. However, as found in Andersonis several study sites and
KWS, peat depth usually correlates clearly with vegetation type. Such correlation can be explained by our model only. In
any case, the nutrient contents of living plants and peat at various depths, as well as nutrient flows, must be measured to
test the above hypothesis, and this work is now in preparation.
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ABSTRACT

We measured leaf 3'°N of dominant and common tree species collected at peat swamp and kerangas forests,
Central Kalimantan to evaaluate nitrogen sources of the trees. Average plant 6'N value was most depleted at
kerangas forest plot of Lahei (-4.6 %0) and most enriched at Kalampangan plot 4 (-0.4 %o). The depleted SN
value suggested poor nitrogen availability for plant compare with other type of tropical and temporal forests.
But some tree species 0N value such as ca -10 %o of Ardisia eliiptica and Cratoxylum arborescens suggested
that they could access nitrogen from ect-micorrhiza. In addition, 3"*N of Combertocarpus rodentatus (close to 0
%o and/or upper than 4 %o) in all of the study plot collected suggested that this species utilize not only atmospheric
nitrogen but also symbiotic with microorganisms proceed denitrofication.

Key words: 8"°N, Central Kalimantan, peat swamp forest, Kerangas forest, nitrogen source

INTRODUCTION

Peat swamp forest is a common forest type in lowland at Central Kalimantan. The peat swamp forest have unique
ecosystem with various plants and animals, even though under poor nutrient with strong acid condition (cf. Simbolon
& Mirmanto, 2000). However, the peat swamp forest has been degraded by unsuccessful land conversion and
management in Central Kalimantan. Additionally, massive fire in 1997/98 had burnt huge area of the peat swamp
forest.

Under poor nutrient condition with massive fire damage, how plants utilize nitrogen, one of limited resource
for plant ? To estimate possible nitrogen sources for plants in fire-damaged peat swamp forest, we conducted nitrogen
stable isotope analysis.

Natural abundance of nitrogen stable isotope is recognized as a useful index of plant nitrogen sources (Evans,
2001, Takahashi, 1996). The forms of nitrogen absorbed by plants have different isotopic ratios (Robinson, 2000).
For example, Michelsen et al. (1996, 1998) reported difference of nitrogen sources of subarctic plants living with
mycorrhizal fungi. Hietz ef al. (2002) investigate nitrogen cycle and nutrition of epiphytic plants. We expect, therefore,
5N natural abundance in peat swamp forests also give us useful information on nitrogen source for plants in the
forests.

MATERIALS AND METHODS

Site description

Sample collection was conducted at eight study plots established at Central Kalimantan. Four 1-hectare study plots
were established between 2°19” - 2°21° S, and 114°00’ - 114°03” E in June 1999. In these four plots, plot 1 and 3 are in
a relatively undisturbed peat forest, but water level of plot 3 is lower than plot 1. Plot 2 and 4 are located at repeated
fire-damaged area and plot 4 is more dry condition than plot 2 with shallower peat layer (Table 1; cf. Tuah et al.
2000). Additionally we collected plant leaf sample from peat swamp forest and Kerangas forest at Lahei, and two
plots in natural peat swamp forest at Setia Alam.
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Sample collection and stable isotope analysis
Mature leaf was collected from trees with 10 cm or above in DBH, and from some fern leaf (including shoot) at the
each study plot. Target trees were collected based on our previous research at Kalampangan study plots (cf. Tuah et al.
2000). Collected leaves were washed with deionized water, dried in an oven at 80 "C for 24h, then ground and
homogenized using a tungsten carbide vibrating mixer mill.

Soil sample was also collected at each study plot during July — Augusut, 1999 (Tuah et al. 2000). Collected
soil sample was treated as like leaf samples mentioned above.

15N natural abundance of plant and soil samples were measured using CF-IRMS (EA1108-Conflo I1-delta-S
system). The '*N abundance relative to the standard (atmospheric nitrogen) was expressed as follows:

61SN:(Rsample/RNZ—air—standard_ 1) X 1’000 (%0)
where R is the ratio "N/*N. DL-alanine (615N; 1.65 %o0) was used as running standards and normalized to SI5N AR

More than a hundred replicates using the running standards indicated analytical errors of = 0.1 %o for 515N
measurements.

RESULTS

Site specific 0N characteristics

Average 8'°N of plants is shown in Table 1. Average plant 8'°N value was most depleted at kerangas forest plot of
Lahei (-4.6 %o) and most enriched at plot4 in Kalampangan plot 4 (-0.4 %o). The average 8N is significantly different
among study sites (p < 0.001; Kruskal-Wallis test).

The 6'°N value was enriched in shallow peat and fire damaged plots in the four Kalampangan plots. The 8"°N
value of plot 4, most fire damaged and shallow peat with low water level, was significantly enriched than other three
plots (t-test, p<0.001). The 8"°N value of other plots in Lahei and Setia Alam were similar value with Plot 1 (undisturbed
with deep peat) and/or plot 3 (undisturbed with shallow peat).

Surface soil 8N value of each plot was not so different compare to leaf 8'°N value (Figure 1). It was ranged
from 0.0 %oof Lahei kerangas plot to 1.81 %o of Kalampangan plot 2. Nitrogen content of surface soil was ranged
from 0.6 % of Lahei kerangas plot to 1.45 % of Setia Alam plotl (Figure 2).

Species specific "N characteristics
0PN value of plants is shown in Table 2. The 8"°N value was varied within inter and intra species from —10.09 %o of
Ardisia eliiptica (Lahei Kerangas) to 7.42 %o of Combretocarpus rotundatus (Kalampangan plotl). Compare to tree
species 8N value of fern species varied with relatively small range (-5.06 %o to 1.53 %o).

There was no obvious tendency of 8'°N value among species, family and/or site specific, except
Combertocarpus rodentatus as mentioned later.

DISCUSSION

The soil 8"°N value was lower than that of average soil world-wide (Shearer & Kohl 1989, Takahashi, 1996). The
value was similar to those reported from nitrogen poor environment such as heath and tundra ecosystems (Michelsen
et al., 1996, 1998) and forest on sandy soil in tropical area (Martinelli et al. 1999).

Plant 8N value was also lower than that of tropical forests and temperate forest (Martinelli ez al. 1999). 8N
of forest ecosystem is depleted less than -2 %o, if nitrogen source is limited only inorganic nitrogen supplied from
precipitation. Average 8'°N of precipitation is reported ca. -5 %o for nitrate and -2%o for ammonium (Takahashi 1996).
In present study, the microorganic activity enrich 8'°N, such as ammonium volatilization and denitrification, is possibly
low due to strong acid environment (pH 2.89 - 3.41; cf. Tuah 2000). That is, depleted 8N of plant less than -2 to -5%o
suggest that main nitrogen source is inorganic nitrogen in precipitation in the peat swamp and kerangas forests.

Other factor depleting 8'°N value of plant is symbiosis with mycorrhizal organisms. In this case plants
and mycorrhizal associates differ in their '°N values as much as 8 %o (Evans 2001). As a result, plant 8'N depleted
more than the case of precipitation mentioned above (Hobbie et al. 2000). For example in this study, Ardisia eliiptica(-
10.09 %o) and Cratoxylum arborescens (-10.47 - -8.51 %o) at Lahei Kerangas plot suggested that these tree plant
uptake organic nitrogen from symbiotic ecto-mycorrhiza (Table 2). But all of individual tree in the same species did
not show symbiotic relationship with mycorrhiza.

Another factor affects plant 8'°N is atmospheric nitrogen fixation. 8"°N of plant which utilize atmospheric
nitrogen fixed by symbiotic bacteria close to -2 %o to 0 %o (cf. Takahashi 1996). Some of the tree species in this study
with 8'°N of that range might use atmospheric nitrogen through symbiotic nitrogen fixing bacteria.

In these tree species, 8'°N of Combretocarpus rotundatus suggested that this tree species has unique
nitrogen utilization pattern. 8'’N value of this species in the study plots was close to 0 %o and/or more than 4 %o
(Figure 3). Compare with 8N of other species, these 8'°N of Combretocarpus rotundatus were more enriched. This
difference suggested that this species utilize not only atmospheric nitrogen but also symbiotic with denitrification
bacteria.
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ABSTRACT

Preceding planting tree species in open and dry tropical peat land needs to be fast-growing with tolerance to
strong light, drought and high soil temperature conditions. In order to select some tree species for the preceding
planting in Central Kalimantan, survivorship and height growth of naturally regenerated tree species were
investigated on a top floor of canal bank made of peat soil. The top floor conditions were open, dryer soil moisture
content and higher soil temperature conditions than the forest floor. The abundant tree species were Asam-asam
(Mangifera sp.), Garunggang (Cratoxylon arborescens) and Tumih (Combrecarpus rotundatus). Their newly
regeneration on the canal bank was confirmed during this investigation. Their mortality was very low. These
results suggest that Asam-asam, Garunggang and Tumih have tolerance to strong light, drought and high soil
temperature conditions in their germination and survivorship. The annual increment of the tree height of the
abundances, Asam-asam, Garunggang and Tumih, was 189 to 232 cm, 118 to 289 cm and 27 to 255 cm per year,
respectively. Therefore Asam-asam, Garunggang and Tumih are classified into fast-growing tree species. These
results suggest that Asam-asam, Garunggang and Tumih is suitable as preceding plant tree species in the disturbed
peat swamp land in Central Kalimantan.

Key words: fast-growing tree species, height growth, preceding planting, regeneration, survivorship, tolerance to open
and dry land

INTRODUCTION

Tropical peat swamp forest in Central Kalimantan is nowadays one of the most threatened terrestrial ecosystems (Boehm
and Siegert, 2001), in which the function is as not only timber production but also global carbon stores and reservoirs of
biodiversity (Kobayashi, 1988; Adi Jaya et al., 2001). Since 1979, the peat swamp forest has been drained by many
canals channeled between rivers, due to development of agriculture land (Adi Jaya et al., 2001). The agriculture, commercial
logging and wildfire have disturbed the drained forest. The burnt forest and abandoned agriculture land are usually
covered by herbs, ferns and/or climbers without natural tree species regeneration (Kobayashi, 1994; Kobayashi, 2000).
Furthermore, those disturbances degrade the chemical composition of peat soil to low pH and lacking nutrition, where it
is considered that the degraded soil conditions inhibit regeneration of trees toward the ecological and commercial-rich
forest (Kobayashi, 1994; Kobayashi et al., 1996). Therefore it is necessary to accelerate the rapid rehabilitation after the
disturbance. However, in the tropical peat swamp region of Central Kalimantan, no technique of afforestation has been
developed yet.

In the case of the afforestation, commercially expensive and ecologically important tree species are usually expected.
In Central Kalimantan, Dipterocarp is one of the candidates. However, it may be difficult to plant them in open land,
because many species in Dipterocarp are generally believed to be strong light-intolerance. Probably they need underplanting
for their establishment.

It is known that an available technique of the afforestation for the strong light-intolerant tree species is preceding plant
method (Sasaki & Asakawa, 1994). The preceding plant method is to make a shading umbrella by fast-growing tree
species with tolerance to open condition before the planting of the shade tolerance. In the Central Kalimantan, the
ecological and physiological characteristics have not been classified, e.g. pioneer or late-successional species, and shade
tolerance or shade intolerance. Thus, we need to find out some fast-growing tree species with tolerance to open and dry
conditions. It is also necessary that they are native tree species to avoid a disturbance in biodiversity (Sugandhy, 1997).

Our aim is to select some tree species for preceding planting in open and dry peat land in Central Kalimantan. For the
immediate selection without large-scale experiment, we focus on naturally regenerated tree species on an open ground
floor of canal bank made of dug peat soil. The bank condition seemed to be the most stressful by the strong light, drought
and high soil temperature, like the burnt and degraded peat swamp forest. It may be possible to consider that the regenerated
tree species on the canal bank conditions have the tolerance to open and dry peat land and have potential as the preceding
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planting tree species. In this study, in order to clear the canal bank conditions are the stressful, the soil moisture and soil
temperature in the bank floor were measured compared with forest floor. In order to select some fast-growing tree
species with tolerance to open and dry peat land conditions, the tree species naturally regenerated on the canal bank
condition was noted, and their survivorship and height growth were investigated. The availability of the preceding
planting by the selected tree species is discussed based on their ecological and commercial characteristics.

STUDY SITE AND METHODS

The study site is located at Kalampangan canal in Palangka Raya, Central Kalimantan, Indonesia (2°20’S, 114°2°E).
Annual average of air temperature in meteorological center in Parangka Raya airport was approximately 26 to 28° C
during 1996 to 1999. Warm index presented by Kira (1977) was approximately 260 to 270.

A plot, 10 m by 50 m, was set on a top ground floor of a part of bank of Kalampangan canal in October 2000. The
canal bank with 2m height above the ground level and 10 m wide of the top ground floor was made of the dug peat soil
in 1995. During 1997, 1998 and 2002, the forest over the canal from studied bank was burnt, and in near side from the
bank, the natural forest remained. On the top ground floor of the canal bank, isolated trees, shrubs, herbs and ferns have
established themselves. All tree species growing in the plot were tagged for the identification, and the tree height was
measured in October 2000, November 2001and November 2002, the beginning of the rainy season. In 2000, the tree
density was 1540 per hectare, and the average of tree height was approximately 70 cm.

Environmental conditions of soil temperature and soil moisture in the experimental plot and understory of forest
canopy near the plot were measured. The measurement was curried out in midday on a sunny day in October 2000 and
November 2002. The soil temperature at the depth of 0.5 and 5 cm from ground level was measured by using thermometer
(MF1000, Chino, Tokyo, Japan). The volumetric water content of soil at the depth of around 5 to 10 cm from ground
level was measured by using FDR portable sensor (ML2x, Delta-T devices Ltd., Cambridge, England).

RESULTS Table 1 Environmental conditions in a top floor of
The top ground floor of canal bank was almost sunlit all day canal bank and forest floor. .

long in sunny day. The soil temperature at 5 cm depth in the Yalue denotes average+S.D. (n=6). lefe.ren.t !etter
open site was 34.0+1.000C, when the soil temperature on the in the shoulder of the value denotes significant
floor of matured forest was 30.1+1.000C (Table 1). On the d1ff§rence (t test, p<0.05). The mesurements were
surface of the ground in the top of canal bank, 0.5 cm depth, the carried out at 14:00 on 6 October 2000. Soil
temperature reached to over 60coC under sunlit conditions in moisture was presented by volumetric soil moisture
the midday. The volumetric soil moisture content was content estimated by FDR sensor.

27.0i13.5%, whilf: that on the forest floor was 47.4+8.1% (Tgble Canalbatk Forest oot

1). The soil moisture of ground surface should be drier.

Therefore, the environmental conditions of the open floor on Soil moisture (%) 2704135 47448 1°

the canal bank are stronger light, higher soil temperature, and
lower soil moisture than shade understory conditions.

33 tree species occurred on the canal bank floor around the
study plot out of 69 tree species identified in the area including
the natural forest (data not shown). Tree species occurred in the
study plot was shown in Table 2. The abundant tree species
were Asam-asam (Mangifera sp.), Garunggang (Cratoxylon
arborescens) and Tumih (Combretocarpus rotundatus) among
12 occurring tree species. They are native tree species in Central
Kalimantan, and are usually found on the canal banks around

Soil temperature ("C) 34.0+1.0" 30.1+08"

Value denotes average=®=S.D. (n=6). Different letter
in the shoulder of the value denotes significant
difference (7 test, p <0.05). The mesurements were
carried out at 14:00 on 6 October 2000. Soil moisture
was presented by volumetric soil moisture content
estimated by FDR sensor.

Table 2 Occurrence, regeneration and mortality of tree species on an open ground floor of canal bank.

Latin Name Local Name Number
Occurrence Regeneration Mortality
Oct. 2000 Nov. 2001 Nov. 2002 2000-2001 2001-2002 2000-2001 2001-2002

Adenanthera pavonina Saga paya 1 1 1 0 0 0 0
Alseodaphne coriacea Gemur 1 | 1 0 0 0 0
Combretocarpus rotundatus Tumih 19 16 15 0 2 3 3
Cratoxylon arborescens Garunggang 15 21 22 8 3 2 2
Elaeocarpus mastersii Milas 2 1 0 0 0 1 1
Macaranga sp. Mahang 0 0 0 0 1 0 0
Ploiarium alternifolium Asam-asam 25 38 64 14 26 1 1
Sterculia sp. Banitan 1 0 0 0 0 1 0
Sterculia sp. Kayu kapas 1 1 0 0 0 0 1
Syzygium sp. Katakau 1 1 0 0 0 0 1
Syzygium sp. Jambu-jambuan 0 0 1 0 1 0 0
Syzggium spicata Galamtikus 1 1 1 0 0 0 0
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Figure 1. Relationship between tree height and annual increment of the tree
height.

Panel (A) and (B) denotes the result from 2000 to 2001 and from 2001
and 2002, respectively. Symbole of square, circle and triangle denotes Assam-
assam, Tumih and Garunggang, respectively.

Parangka Raya in Central Kalinantan according to our ground survey.

The newly regenerated tree species was Asam-asam, Garunggang, Jambu-jambuan (Syzygium sp.), Mahang (Macaranga
sp.), Tumih for the investigating 2 years (Table 2). The number of Asam-asam, Garunggang, Jambu-jambuan, Mahang,
Tumih was 30, 11, 1, 1 and 2 individuals per 500m?, respectively. This result indicates that they can germinate on the
canal bank conditions.

The most of the trees occurring in 2000 survived throughout the investigating 2 years (Table 2). The number of the
mortality of Asam-asam, Garunggang and Tumih was 2, 4, 6 individuals for 2 years, respectively. Their high survivorships
in the seedlings regenerated in 2001 were also found out in 2002 (Table 2). These results suggest that Asam-asam,
Garunggang and Tumih have a tolerance to bank floor conditions in their survivorship after their germination.

The annual increment of the tree height of the abundant tree species, Asam-asam, Garunggang and Tumih, was 189 to
232 cm, 118 to 289 cm and 27 to 255 cm per year, respectively (Fig. 1). The height increment of Garunggang was the
greatest among the abundant three species. Their height increment in the canal bank conditions was higher than understoried
tree species in the matured natural forest (Masato Shibuya, unpublished data). Their height growth is also higher than
Shorea species grown in approximately 30% full sun photosynthetically active radiation (Turner, 1989; Turner, 1990)
and grown in sunlit conditions in dry land-plantation (Soda et al., 1997; Istomo et al., 1999). Thus it is considered that
the three abundant tree species are classified into fast-growing tree species.

DISCUSSION

Three fast-growing tree species, Asam-asam, Garunggang and Tumih, with tolerance to open canal bank conditions were
found out among the native tree species in Central Kalimantan (Table 2 and Fig.1). The environments of the open canal
bank floor were drier in soil moisture and higher in soil temperature compared with forest floor conditions (Table 1).
Furthermore, it appears that the environments on the canal bank were severe conditions for the regeneration and growth
compared with the drained and burnt peat swamp forests in Central Kalimantan. Generally, high temperature and drought
conditions inhibit the germination of seed, survivorship and growth of seedlings (Kozlowski & Pallardy, 1997). Therefore
it is possible to evaluate that Asam-asam, Garunggang and Tumih have tolerance in their germination, survivorship and
height growth under strong light, drought and high soil temperature conditions, and that they have potential as the
preceding planting tree in the drained and disturbed peat swamp land.

According to Swaine and Whitmore (1988), tropical tree species may be classified into two distinct groups, which are
pioneer and non-pioneer, based on seed germination and seedlings establishment requirements. They suggest that the
seeds of pioneer species germinate only canopy gaps open to the sky, whereas the seeds of non-pioneer species can
germinate only under canopy shade or in gaps. Our results generally agree that Asam-asam, Garunggang, Tumih, and the
other tree species shown in Table 2, which can germinate and/or regenerate under open conditions, are classified into
pioneer species.

Although Tumih is classified into pioneer species, Tumih constructs the dominance in matured peat swamp forest
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together with Dipterocarp species in Central Kalimantan (Sehat J. Tuah, personal communication). The Asam-asam and
Garunggang construct as co-dominance within the forest canopy (Sehat J. Tuah, personal communication). Thus it appears
that their large planting is lower risk to disturb ecologically and genetically compared with exotic tree species. On the
other hand, the commercial price of Tumihis stem-wood is excessively cheaper as timber than Dipterocarpis stem-wood.
However the Tumihis stem-wood has been traditionally used for timber of constructing house of local people. The stem-
woods of Asam-asam and Garunggang have been traditionally used for fuel of local people, because they are fast-
growing tree species with function of sprouting after the logging (Sehat J. Tuah, personal communication). The planting
of Asam-asam, Garunggang, Tumih may contribute the timber and/or fuel-wood production for local people. Therefore,
Asam-asam, Garunggang, and Tumih have not only ecological but also commercial advantages in their planting.

Their availability of germination in the open and dry condition suggests one additional advantage in their afforestation.
That result suggests that it is successful to sow their seeds directly in the disturbed land, not planting the seedlings grown
in the nursery. It is well known that the preparation, transporting and planting of the seedlings need very hard work with
high cost. Furthermore, it is easy to collect their seed, because their seed production starts at young age and continues
every year. If it is possible to sow their seeds directly in the disturbed land, therefore, it may be easy to develop the
preceding plant method by using the direct sowing.

As a concluding remark, our results do not mean that the disappeared tree species in Table 2 are not the fast-growing
tree species with the tolerances. The composition and abundance of the regenerated tree species on the canal bank
depend on the composition of the natural forest and its seed supplying. In this study, it is not enough data to discuss the
complete classification of the ecological characteristics of all tree species growing in Central Kalimantan. However it is
enough information to select some tree species immediately which are suitable for the preceding planting. Therefore we
propose that Asam-asam, Garunggang and Tumih, which are fast-growing tree species with tolerance to open and dry
peat land condition, is suitable as preceding planting tree species in the disturbed peat swamp forest in Central Kalimantan.
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ABSTRACT

Gunung Halimun National Park is the last sub montane forest remained in Java. The present work is conducted
to study the population of soil yeast at various altitude (600 m, 1000 m and 1500 m asl), and verifying its ecological
role by isolating and characterizing its physiological properties on cellulose hydrolizes and mineralization phosphate.
Isolated yeast from soil and rhizosphere sample were purified and tested their ability to grow and to utilize
carboxymethyl cellulose as sole carbon sources, and to dissolve Ca,(PO,), Increased population of soil yeast were
observed at higher altitude. About twenty three isolates belonged to genera of Debaryomyces, Pichia, Rhodotorula
and Candida were isolated from soil. Nineteen strains have cellulolyitic capacity and 12 strains have ability to
dissolve Ca,(PO,),. Yeast were common found in soil and rhizosphere, and they appear to play role on the bio-
transformation of organic materials and mineralization phosphate in soil.

Key words: soil yeast, Debaryomyces, Pichia, Rhodotorula and Candida

INTRODUCTION
The GHNP is one of the most conserve forest ecosystems in tropical area with a high diversity of flora and fauna. Though
there is incomplete scientific justification, but it is believe that high species richness of flora and fauna is also relevant to
that of high microbial diversity

Recently there is growing interest on studying the ecological perspective of yeast in soil ecosystem. It is
known that terrestrial yeast is most abundance in plant, animal and soil, but our understanding on its significant ecological
influence in its habitat is limited. Wickerman was the pioneer in identification of yeastin 1951, and and Alexander,1961,
reported a wide variety of yeast encountered in soil include Candida, Crytococcus, Debaryomyces, Hansenula, Lipomyces,
Pichia, Pullularia, Rhodotorula, Saccharomyces, Schizoblastoporion, Torula, Torulasspora, Torulopsis, Trichosporon
and Zygosaccharomyces. Since that the knowledge in yeast taxonomy has growth rapidly, as shown by the increase of
identified species tremendously from 500 species to 700 species (Kurzman, 1998). Since the yeast grow readily at pH
4.0, no difficulty is encountered in the enumeration of yeast, and most of the bacteria and fungi could not grow well at
low pH. Enumeration of yeast in the presence of the large number of filamentous fungi common to soil, on the other hand
is difficult because the later proliferate more readily and tend to overgrow the former. However a medium at pH 3.8 to 4
which contains 0.35 % sodium propionate suppress both the bacteria and mold so that yeast count can be made. The
abundance of these organisms varies greatly with the locality understudy. Yeast play role together with other soil
microorganism accelerating nutrient cycle. As a decomposer yeast often perform as a fermentative glycolyses, but rather
restricted in the nature of the carbon source they may assimilate. They produce extracellular enzyme such as proteinase,
cellulase, chitinase and amylase (Anna, 1990). But not many intensive studies conducted to verify which species yeast is
ecologically essential and play significant role on ecosystem sustainability. Recently scanning electron microscope (SEM)
have been successfully helping taxonomist to look into deeper morphological characteristic of yeast, and here with SEM
is used to observe in-situ morphological characteristic of soil yeast

MATERIAL AND METHODS

Yeasts isolation

Soil, and rhizosphere soil was collected from several study sites located at GHNP (600 m, 1000 m, and 1500 m) asl. Pre-
cultivation was undertaken by shake culture after transferring 10 g of sample into yeast nitrogen base 6.7%, yeast extract
0.1%, malt extract 0.1%, and glucose 20% (pH 6.8). The cultures were then incubated on rotary shaker for three days at
30 °C. Isolation was done by plate count methods with three replicates. The isolation medium consisted of yeast extract
(3g/L), malt extract (3g/L), bacto peptone (5g/L), glucose (10g/L), agar (20g/L), 0.2% dichloran solution and streptomycin
(100U/L), pH 3.7. Cultivation of isolates were performed at 25 °C for three days.

Purification

Prior to use, each strain was streaked onto Yeast malt extract agar (YM agar) pH 6.5. This followed by incubation at 25
°C for 48 hour. Single well-separated colonies of each form are selected and restreaked onto the same media and reincubated.
Twice is generally sufficient to obtain pure culture. After 2 days, the colonies were examined using phase contrast
microscope for homogeneity. Homogenous strains were then grown in Yeast malt extract broth, and preserved.

Identification of yeasts
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The yeast strains were tested for their characteristics of vegetative reproduction, sexual characteristics, physiological and
biochemical characteristics as described by Barnett et al.,(1990) and Kurtzman et al., (1998).

Morphology of vegetative cells

Yeast cells can be globose, subglobose, ellipsoidal, ovoidal, cylindrical, botuliform, bacilliform, apiculate, lunate or
triangular. Definition and illustrations of the various possibilities can be found in Ainsworth and Bisbyis Dictionary of
the fungi (Hawksworth et al., 1995).

Formation of ascospore

Sporulation studies were performed using modified YM agar and Kowado agar containing (Potassium acetate 1.5%,
Glucose 0.02%, glutathion 10mM, and agar 2%). Strain from 48 hour growing slant were streaked to the above-mentioned
sporulation media, then incubated at 25 °C for 3 days, and examined for the presence of ascospores. Morphological
observation of ascospore was also conducted by scanning electron microscope (SEM).

Utilization of carbon compounds

The carbohydrates employed in the assimilation tests included D-glucose, D-galactose, D-xylose, L-arabinose, D-arabinose,
L-rhamnose, sucrose, maltose, me-a-D- glucoside, cellobiose, melibiose, lactose, raffinose, melezitose, inulin, starch,
erytritol, xylitol, D-mannitol, 2-keto-D-gluconate, D-gluconate, D- glucuronate and citrate. The assimilation media
were inoculates with 0.1 ml of a suspension of 2-day-old YM slant culture, and then the tubes were incubated at 25 °C.
The tests were done on the continuously rotating shaker at 160 rpm, and examined for turbidity during 2 weeks.

Assimilation of nitrogen compounds
The following of nitrogen source are used : potassium nitrate, sodium nitrite, cadaverine dihydrochloride, L-lysine, and
glucosamine.

The assimilation media were inoculated with 0.1 ml of a suspension of 2-days-old YM slant culture. Growth was
observed after 1 week of incubation at 25 °C in rotary shaker. When sign of growth is detected, a second tube was
inoculated with one loopful from the first to reconfirm the test result.

Observation of soil yeast by SEM

About 0.5 g soil sample were added with 1 ml cold ethanol for about 1 h, and remove the alcohol and replace it with 2.5
% glutaraldehyde solution for several hours or more at 4 °C. Immerse the material into 2 % tanic acid solution for 6 hours
at 4 °C. Sample washed with buffer for 15 minutes at 4 °C, and repeat it 4 times. Immerse into 1 % OsO, solution for 3
h at 4 °C, and water washed for 10 minutes, and this procedure was repeated 3 times. Gradient dehydration with 50 % ,
75 %, 87.5 % ethanol at 4 °C, each step was conducted for 20 minutes. Final dehydration with alcohol absolute for 20
minutes at room temperature. The sample was glued on stab, and coated with gold platinum. Observation was conducted
using SEM at 5000 x magnification.

Celulolyitic ability. All strains were grown on 1 % CMC containg media (Enari, 1983) and the media was added with 0.1
% congored. Clearing zone formation around growing colony was an indication of cellulolyitc activity (Joson and
Coronel, 1986 ). After 5-day incubation cellulolyitic ability was determined, the ratio the are of clearing zone to colony
was calculated.

Phosphate dissolving ability Strain were grown in Pivoskaya medium contained : 5 g 1" Ca,(PO,), 1", 10 g I"" glucose,
0.2 gI" NaCl, 0.2 gI' KCI, 0.0025 g I'' MnSO,.H,0, 0.1 g I'' MgSO, 7H,0, 0.0025 g I'' FeSO, 7H,0, 0.5 g 1" yeast
extract. Formation of clear zone around growing colony indicate Ca,(PO,), dissolution.

RESULT AND DISCUSSION
Yeast Yeast in soil is dominated by several genera
_ include Debaryomyces, Pichia, Rhodotorula

BRI and Candida, which belonged to group

imperfect yeasts (Candida small globose,
1000 Candida big glonSe?, Ascomyc;tpus yeasts

(Debaromyces, Pichia) and Basidiomycetes
i yeasts (Rhodotorula). Highest population
was observed in 1500 m asl. Altitude appear
to affect yeast population and its diversity
of Ascomyceteous, Basidiomyceteus and
Lag cell munber. g sail-1 imperfect yeast. Higher population at higher
altitude could be due to high acidity of soil
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Figure 1. Yeast population in soil.
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at higher altitude (Rahmansyah et al., 2002), and yeast is preferable at lower pH, while growth of other organism is
suppressed.

Rhizosphere yeast

The population of Rhizosphere yeast was
about 275000 till 290000 colony per
g.rhizosphere soil. There is no significant
different the number of yeast in

W
§ rhizosphere of Altingia excellsa, Schima
=3 . .. . . .
2 wallichii, and Castanopsis javanica
S (Figure 2). They belonged to genera
Debaryomyces, Pichia, Rhodotorula and
4 45 5 64 B f5 7 Candida.
Log. cell number.q.soil-1
Ecological importance
Figure 2. Population of yeast in rhizosphere A wide range distribution of yeast in
of Altingia excellsa (AE), Schima wallichii ecosystem suggest that yeast may create
(SW) and Castanopsis javanica (CJ) special physical or biochemical

mechanism by which they success occupy

and sustain maintaining its habitat (Photo
1). In-situ morphological observation of soil yeast appeared yeast devise itself with capsule for physical protection. In
the mineral soil horizons, oligothrophic capsule forming yeast occurred. They were not pigmented and were often able to
accumulate lipids (Kurzman, 1998).

The existence of yeast that is repeatedly and exclusively from soil, such as Lypomyces sp, Debaryomyces and
certain species of Cryptococcus suggest that some habitat specificity may be at play. Some genera of yeast usually found
in soil such as Candida and Debaropyomyces and the presence of yeast usually in accordance with and cellulose
decomposition bacteria and soil fungi (Cook, 1958). These all suggested that yeast plays role in acceleration of carbon
mineralization and indirectly stimulate element mineralization. But our understanding on which species yeast accelerate
transformation of organic substances and which catalyze solubilization of mineral phosphate is still limited. To understand
which yeast dissolve phosphate and or hydrolyze cellulose, pure culture of isolated yeast were tested its physiological
properties in phosphate mineralization

Photo 1. Capsule forming yeast(SEM
5000x)

Cellulolytic capacity

Hydrolyses of cellulose take place due activity of a complex of cellulase enzymes, and some yeast posses that enzymes
system. Yet, documentation on the presence of celulolytic yeast in soil is rare. On other hand occurrence of yeast in soil
is common (Kurzman, 1998). The presence of soil microflora possessing cellulolyitc enzymes ensure degradation rate of
organic material in soil occur at appreciable rate.

85



Table 1. Cellulolytic capacity of soil yeast after 4 days incubation in cytophaga

media
No Name of species -+ Ratio of clear zone
1 S 1 (Debaryomyces hansenii) + 2,5
2 S6 (Debaryomyces hansenii) + 3,6
3 S11 (Candida sp) + 2,5
4 S13 (Candida sp ) + 1.8
5 S14 (Debaryomyces sp) + 2,1
6 S16 (Candida sp) + 23
7 S 7 (Pichia membranifaciens) + 24
8 S8 (Candida sp) + 22
9 S 9 (Candida sp) + 2.1
10 S10 (Candida sp) - Nd
11 S11 (Candida sp) + 23
12 S22 (Candida sp) - Nd
13 S23 (Rhodotorula minuta) + 38
14 S24 (Candida sp) + 2.2
15 S25 (Candida sp) + 24
16 S26 (Candida sp) - Nd
17 S27 (Candida sp) + 24
18 S28 (Candida sp) + 2.6
19 S29 (Candida sp) + 2.1
20 S30 (Candida sp) + 29
21 S31 (Candida sp) + 23
22 S32 (Candida sp) + 25
23 S33 (Candida sp) + 2.6

Out of 23 isolates testes 19 isolates were able to hydrolyze CMC. Not much report has quantified the ability of yeast to
hydrolyze cellulose. Complete degradation of cellulose were executed by cellulase complex enzyme system include
exo-b-1,4 glucanase, endo—b-1,4 glucanase, b-glucosidase (Enari, 1983). Hydrolyzes of CMC indicate the activity of
endo—b-1,4 glucanase (Enari, 1983). In soil yeast may collaborate and co-exist among the soil microflora component,
and its presence may significantly contribute to bioconversion of organic material in soil. The complexity of cellulose
molecule of plant origin may affect cellulose degradation rate. Yeast together with fungi and bacteria may produce
different cellulose enzyme system and the presence of that organism in soil accelerates decomposition of organic material
in soil. And the activity of those complex enzyme is significantly affected by the nature of soil ecosystem include
species composition, soil humidity, temperature, the presence inhibitor/stimulator, pH temperature, aeration status and
redox potential state of existing environment.

Phosphatase activity

Most of the strain tested solubilize Ca,(PO,), (Table 2) indicating that they play on mineralization of phosphate in soil.
Soil is a source of nutrient and micro and macro element for microorganism and plant growth. Phosphorous is essential
element required by microorganism for nucleotide synthesis and for plant photosynthesis (Tisdale et al., 1985). Most soil
P is unavailable since it is bound to macro element such as Ca,(PO,),, rock phosphate and to organic substances. Most
soil consists of organic and inorganic phosphorous. The quantity of inorganic phosphorous in soil mineral is higher than
that of organic phosphorous i.e., about 25-90 % of the total soil-P. However in organic soil the quantity of organic-P is in
the range of 50-90% (Cosgrove, 1967). The major constituent of organic-P is phytin and inositol. Phytic acid is representing
about 60 % of the total phosphorous in soil and mostly accumulated in soil since it is less soluble (Anderson, 1988). The
upper layer soil contained more organic-P than subsequent layer.

Soil-P species is mostly pH dependent, and ionic phosphorous is mostly in the form of H,PO,, HPO,*, and PO,-, it is
formed from ionization of H,PO,". Ion H,PO, is easier absorbs by plant. The optimal pH for phosphorous ionization is
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Table 2. Clearing formation after 7 days incubation in Pivoskaya

No Name of species Phosphatase Ratio of clear zone

1 S 1 (Debaryomyces hansenii)

2 S6 (Debaryomyces hansenii)

3 S11 (Candida sp)

4 S13 (Candida sp ) + 1,8

5 S14 (Debaryomyces sp) + 32

6 S16 (Candida sp)

7 S 7 (Pichia membranifaciens) + 2.1
8 S8 (Candida sp) + 2.0
9 S 9 (Candida sp) + 2.1
10 S10 (Candida sp) + Nd
11 S11 (Candida sp)

12 | S22 (Candida sp)

13 S23 (Rhodotorula minuta) + 32

14 S24 (Candida sp) + 1.9

15 S25 (Candida sp)

16 | S26 (Candida sp)

17 S27 (Candida sp) + 1.9
18 S28 (Candida sp) - 22
19 S29 (Candida sp) + 2.4

20 S30 (Candida sp)

21 S31 (Candida sp) + 2.1

22 S32 (Candida sp) + 23

23 S33 (Candida sp)

near neutral value and slightly acidic. The presence of soil ionic macroelement such as Fe, Al, Ca and Mn, amount and
decomposition stage of organic substances affect solubility of inorganic phosphorous (Brady, 1974).

CONCLUSION

A wide diversity of soil was encountered in GHNP, they belonged Debaryomyces, Pichia, Rhodotorula and Candida, and
19 strain were cellulolytic yeast and 13 isolates were able to solubilize phosphate implying that they have significant role
in element mineralization and conversion of organic substances
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ABSTRACT

Using Carboxymethyl cellulose as the sole carbon source eleven bacterial species were isolated from peat soil of
Central Kalimantan. Five strains were cellulolytic, of those isolates the characteristic of cellulolytic capacity of 1
strain that has highest clear zone to colony ratio its cellulase enzymes was further studied. On the bases of its
morphological and physiological characteristic the isolates was belonged to Cellulomonas sp. The strain rapidly
utilize carboxymethyl cellulose as the sole carbon sources at 30 °C, with a specific growth rate was 0.319 h™! for
glucose augmentation and 0.274 h™' for without glucose augmentation. Whereas Avicell was utilize slowly. CMCase
and Avicellase actitvity were 8.2 unit, and 5.9 unit respectively. Glucose augmentation stimulate biomass growth
but repress enzyme activity. Km and Vmax of CMCase were 6.25 mM and 15.64 mM.h! respectively.

Key words: cellulolytic bacteria , Cellulomonas and peat soil

INTRODUCTION

The natural peat contains a considerable number of microorganisms. Owing to its high acidity of peat fungi are encountered
to be dominating microflora. Other microorganism such as actinomycetes and bacteria also community member of peat
microbes which have been found adapted to this extreme habitat. Peat varies in its chemical and consequently also in its
microbiological composition. The microflora of peat consists of a small number of genera and species only. Most of the
organisms present are in a dormant or resting state. The microbial activity in bogland is very small and slow. The entire
situation is completely changed when the peat is harvested by milling and piled. The more decomposed, humified and
carbonised the carbon material in peat, the smaller the content of utilisable compounds and less available they become
for microbes. The poorer the quality of peat with regard to its use as fuel, the higher are the figures for microorganisms as
obtained by the plate count method. Poor quality is equivalent to low decomposition. Poor peat still contains organic
matter which can be used by microorganisms. It has been demonstrated that the less-decomposed layers of high moor
contain more hemicelluloses and celluloses than the well-decomposed ones. We can conclude from this that a microbial
activity is quite well evolved in less-decomposed peat, this is particularly obvious when remains of the surface layer with
root residues are mixed into the peat.

Microflora has a major contribution on the degradation of organic substances in soil. Peat Bacteria are the
most second abundant of soil microflora after fungi. Their population is mostly governed by the soil organic content. The
sources from which an organism derives its cell-C and energy are useful for describing basic physiological differences
among bacteria. Peat composed dominantly by plant materials of which cellulose materials are the major component.
Those substances should be hydrolyzed by complex of microorganism, which perform various metabolic patterns.

Aerobic cellulolytic bacteria (ACB) in soil and other environment are quite heterogeneous (Eberson et al.,
200; Coughlan and Meyer, 1992; Hiroki and Watanabe, 1996; Gall et al., 1997; Bélaich et al., 1997) and play important
role in nutrient cycle (Hiroki and Watanabe, 1996; Verhoven et al., 1983). Other soil microflora like yeast also contribute
on the decomposition of organic material in soil (Hatano et al., 1991; Nakase et al., 1994). Forest in Indonesia are of
special significance because they form one of the main natural resources and contribute substantially to the national
economy through wood, medicinal plant, rotton, and spot for ecological tourism.

Present studies have indicated that cultivable ACB in peat soil are quite heterogeneous both physiologically
and morphologically. It has been reported that soil microbes phylogenetiacally consist of quite diverse Eubacteria belonging
to sub class of gram negative Proteobacteria, gram positive low GC, and high GC DNA content, Cytophaga group and
many others. A few works have been devoted on studying of cultivable ACB (Coughlan and Meyer, 1992; Hiroki and
Watanabe, 1996).

Our present study are trying to isolate diversity of ACB in peat, and to quantify the endo-1,4-f-D-glucanase
activity, and determine the characteristic of biomass and pH profile during bacterial growth.

MATERIALS AND METHODS

Media and strains bacteria isolation

Soil samples ( 1 g dry weight basis) were suspended in 100 ml sterile distilled water by magnetic stirring (500 rpm, 5
minutes) in other to establish dilution series. Replica aliquots (1 ml) were over poured and dispersed by swirling with
modified cytophage medium containing (NH,),SO, 1g, MgSO, 0.1g, MnSO, 0.1g, yeast extract 1g, FeCl, 0.01 g ). The
medium was adjusted to pH 4.8 prior to autoclaving. Agar plates were incubated for 28 °C for 3 to 7 day. The density of

89



culturable cellulolytic yeast was assayed on modified cytophage medium containing 1 % carboxymethyl cellulose (CN-
cellulose). After suitable incubation time 5 d, 28 °C, congo red was used as an indicator for the detection and enumeration
of cellulolytic colonies, as described by Mullings and Parish (1984). For the isolation of cellulolytic yeast, randomly
chosen colonies were transferred to modified cytophage, subsequently incubated (3-5 d, 28 °C) and finally tested for
cellulolytic activity as described above.

Identification
Bacteria identification was done follow Holt et al., 1994.

CMC-ase producing ability
To study the effect of glucose augmentation on cell and enzymes synthesis, 0.1 g glucose was augmented to 1 liter
medium, and for control no glucose was added.

Growth on Avicell
The bacteria was cultured on cytophage modified medium namely substituting 1% CMC with an equal amount of Avicell
with addition or without addition of glucose.

Quantitative determination of CMC

The strain was cultured in liquid modified cytophage medium at 30 °C for 4 days, the enzyme activity was determined 0
h, 24 h, 4 days incubation, and its CMCase activity was determined follow Hatano et al., 1991, expressed in unit i.e.
mmol glucose equivalent produced. minute!. ml enzyme™.

PH determination
Profile of pH during culture growth was determined using pH meter

CMCase determination

A twenty fourth aged culture (5 ml) grown on modified cytophage medium, was inoculated into 100 ml CMC containing
media with and without addition of 0.1 g/l glucose, and the culture was observed at interval of 2 h, and its CMC-ase
activity was determined follow Joson and Coronel, (1986) expressed in unit i.e. mmol glucose equivalent produced.minute™.
ml enzyme.

Km and Vmax

Substrate concentration affect of enzyme activity rate. Km was calculated by analyzing the enzyme activity at various
substrate concentrations, and plotted follow the Michaelis Menten equation and further analyzed by Lineweaver-Burk
confronting the value of 1/S and 1/V

RESULT AND DISCUSSION

Isolation and identification

Out of 11 strains isolated only 5 strain formed clear zone (Table 1) of which Cellulomonas sp was has the highest ratio
colony to clear zone Kim 1995 recognized that Bacillus circulan has high cellulolytic capacity. Whereas Blackal, 1985
noted that several member of genus Cellvibrio are cellulolytic.

Table 1. Cellulolytic ability of ACB 4 days incubation in cytophaga media
No Name of species Ability Ratio of clear zone vs colony

1 Cellulomonas sp + 5.1
2 Bacillus sp + 2.8
3 Bacillus sp + 2.6
4 Bacillus sp + 1.9
5 Bacillus sp + 1.7
6 Bacillus sp + 1.5
8 Bacillus sp + 1,3
9 Pseudomonas sp + 1.2
10  Pseudomonas sp - nd
11 Bacillus sp - nd
Biomass growth
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Glucose rapidly, and they easily converted into biomass as indicated by a rapid increase of cell density (Figure 1).
Appear less cell synthesis was observed in media with CMC as the sole carbon source. Denis, 1971 observed that culture
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Figure 1. Profile of cell growth of Cellulomonas
sp in cytophage medium with or without glucose
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Figure 3. pH profile of culture grown in cytophage medium
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Figure 2. Specific growth rate of Cellulomonas
sp in cytophage medium with or without
glucose
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Figure 4. Profile of CMCase activity of Cellulomonas sp
in cytophage medium with or without glucose

growth is concomitant with enzymes synthesis.

A complex of cellulase enzymes act upon organic
substrate in peat leading on degradation and mineralization of
organic materials. Most of organic materials in peat is of plant
origin, and its biodegradation rate is affected by cellulose type.
Our present study have indicate that Cellulomonas sp has
capacity to hydrolize carboxymethyl cellulose. The later
substance is used to determined endoglucanase activity (Enari,
1983). The degradation rate of carboxymethyl cellulose is
affected by glucose addition (Figure 4). In most cases, during
cell cultivation, addition of glucose seem to have lower
CMCase activity. Maximum enzymes activity was 6.0 unit for
CMC as the sole carbon source observe after 18h incubation at
pH 7, whereas at pH 6 and 8 CMCase activity was less than
that of pH 7 (Figure 3 and 4). Those indicate that enzymes
synthesis was pH dependent.

Substrate concentration affect of enzyme activity rate. Km was calculated by analyzing the enzyme activity at various
substrate concentrations, and plotted follow the Michaelis Menten equation and further analyzed by Lineweaver-Burk
confronting the value of 1/S and 1/V (Figure 5). Km value was 6.25 mM and Vmax was 15.64 mM.h!
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Growth on Avicell

Ability cell to grow on Avicell as a sole carbon sources and to produce Avicellase of was observed every . Compared to
CMC, Avicell is less suitable for culture growth than that of CMC (Figure 6) indicating that the strain produce less of
exo-1,4-B-D-glucanase, C1, (Enari, 1984). Addition of glucose has positive effect on the bacterial growth indicating that
the bacteria preferantially utilize glucose as C-source than Avicell

Profile of pH

Decreased of pH was observed at the beginning of incubation but then increased after 1 d incubation (Figure 8). The
reason for this is unclear, it supposed that degradation of Avicell (crystaline cellulose) occur slowly, and glucose was
converted into organic acid, as s reported by Holt et al., 1994. Many factors affect pH of culture such as degradation of
protein may have result in basic aminoacid release into bulk solution, complex enzyme and substrate, the presence of
inhibitor and culture age (Malik and Singh, 1980).
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Characteristic of CMCase of Bacillus sp Isolated from Soil of Gunung
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ABSTRACT

Eight bacteria strains were isolated from soil of Gunung Halimun National Park was taxonomically and
physiologically studied. Eight strains were cellulolytic, and 1 strain that has highest clear zone to colony ratio was
its cellulase enzymes was studied. On the bases of its morphological and physiological characteristic the isolates
was belonged to Bacillus sp. The strain rapidly utilize carboxymethyl cellulose as the sole carbon sources at 30 °C,
with a specific growth rate was 1.71 d', 1.58 d' and 1.50 d' at pH 6, 7 and 8 respectively. No significant growth
was observed when Avicell was used as sole Carbon sources. CMCase and activity in bulk solution maximum 6
Unit was observed when pH of substrate at the beginning of incubation was adjusted to 7, after 4 days incubation.
Maximum cell growth was observed after 4 days incubation. Glucose augmentation stimulate biomass growth but
repress enzyme activity. Km and Vmax of CMCase were 10 mM and 2.68 mM.d™! respectively.

Key words: cellulolytic bacteria , Bacillus sp, Gunung Halimun National park

INTRODUCTION

Bacteria are the most second abundant of soil microflora after fungi. Their population is mostly governed by the soil
organic content. The sources from which an organism derives its cell-C and energy are useful for describing basic
physiological differences among bacteria. The soil organic substances composed dominantly by plant materials of which
cellulose materials are the major component. Those substances should be hydrolyzed by complex of microorganism,
which perform various metabolic patterns.

Aerobic cellulolytic bacteria (ACB) in soil and other environment are quite heterogeneous (Eberson et al.,
200; Coughlan and Meyer, 1992; Hiroki and Watanabe, 1996; Gall et al., 1997; Bélaich et al., 1997) and play important
role in nutrient cycle (Hiroki and Watanabe, 1996; Verhoven et al., 1983). Other soil microflora like yeast also contribute
on the decomposition of organic material in soil (Hatano et al., 1991; Nakase et al., 1994). Forest in Indonesia are of
special significance because they form one of the main natural resources and contribute substantially to the national
economy through wood, medicinal plant, rotton, and spot for ecological tourism.

Present studies have indicated that cultivable ACB in forest soil are quite heterogeneous both physiologically
and morphologically (14, 15). It has been reported that soil microbes phylogenetiacally consist of quite diverse Eubacteria
belonging to sub class of gram negative Proteobacteria, gram positive low GC, and high GC DNA content, Cytophaga
group and many others. A few studies have devoted on verification of phylogenetic affiliation of cultivable ACB (Coughlan
and Meyer, 1992; Hiroki and Watanabe, 1996).

Ecologically the ACB play key central role on the organic carbon turned over in soil which turn have a
crucial impact on nutrient availability to plants (Hiroki and Watanabe, 1996). In addition to the later case, conservation
of forest ecosystem in relation with green house gas management is a becoming a global issue. Characteristic of microbial
biomass of ACB and its activity must be further investigated to fully understand soil C turned over and nutrient dynamic
of several ecosystem type of wetland ecosystem. It is also worth to explore the economic potential use of tropical bio-
resources. Collecting, studying and depositing of cultivable ACB are worth effort since natural destruction is occurring at
alarming stage. Though quantification of the rate of extinct of microbes have not been investigated intensively, but many
microbiologist believe that measures on ex-situ conservation should be conducted as soon.

Our present study are trying to quantify the endo-1,4-3-D-glucanase activity, and determine the characteristic
of biomass growth and profile of pH during bacterial growth.

MATERIALS AND METHODS

Media and strains bacteria isolation

Soil samples ( 1 g dry weight basis) were suspended in 100 ml sterile distilled water by magnetic stirring (500 rpm, 5
minutes) in other to establish dilution series. Replica aliquots (1 ml) were over poured and dispersed by swirling with
modified cytophage medium containing (NH,),SO, 1g, MgSO, 0.1g, MnSO, 0.1g, yeast extract 1g, FeCl, 0.01 g ). The
medium was adjusted to pH 4.8 prior to autoclaving. Agar plates were incubated for 28 °C for 3 to 7 day. The density of
culturable cellulolytic yeast was assayed on modified cytophage medium containing 1 % carboxymethyl cellulose (CN-
cellulose). After suitable incubation time 5 d, 28 °C, congo red was used as an indicator for the detection and enumeration
of cellulolytic colonies, as described by Mullings and Parish (1984). For the isolation of cellulolytic yeast, randomly
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chosen colonies were transferred to modified cytophage, subsequently incubated (3-5 d, 28 °C) and finally tested for
cellulolytic activity as described above.

Identification
Bacteria identification was done follow Holt et al., 1994.

CMC-ase producing ability
To study the effect of glucose augmentation on cell and enzymes synthesis, 0.1 g glucose was augmented to 1 liter
medium, and for control no glucose was added.

Growth on Avicell
The bacteria was cultured on cytophage modified medium namely substituting 1% CMC with an equal amount of Avicell
with addition or without addition of glucose.

Quantitative determination of CMC

The strain was cultured in liquid modified cytophage medium at 30 °C for 4 days, the enzyme activity was determined
0 h, 24 h, 4 days incubation, and its CMCase activity was determined follow Hatano et al., 1991, expressed in unit i.e.
mmol glucose equivalent produced.minute!. ml enzyme™.

PH determination
Profile of pH during culture growth was determined using pH meter.

CMCase determination

A twenty fourth aged culture (5 ml) grown on modified cytophage medium, was inoculated into 100 ml CMC containing
media with and without addition of 0.1 g/l glucose, and the culture was observed at interval of 2 h, and its CMC-ase
activity was determined follow Joson and Coronel, (1986) expressed in unit i.e. mmol glucose equivalent produced.minute™.
ml enzyme.

RESULT AND SISCUSSION

Isolation and identification

Out of 8 strains isolated only 5 strain formed clear zone (Table 1) of which Bacillus sp was has the highest ratio colony
to clear zone Kim 1995 recognized that Bacillus circulan has high cellulolytic capacity. Whereas Blackal, 1985 noted
that several member of genus Cellvibrio are cellulolytic.

Table 1. Cellulolytic ability of ACB 4 days incubation in cytophaga media
No Name of species Ability Ratio of clear zone vs colony

1 Bacillus sp + 3.1
2 Bacillus sp + 1.8
3 Bacillus sp + 1.6
4 Bacillus sp + 1,4
5 Bacillus sp + 1.2
6 Pseudomonas sp - nd
7 Bacillus sp - nd
8 Clostridium sp - nd
Biomass growth

Glucose rapidly, and they easily converted into biomass as indicated by a rapid increase of cell density (Figure 1).
Appear less cell synthesis was observed in media with CMC as the sole carbon source. Denis, 1971 observed that culture
growth is concomitant with enzymes synthesis. 1.71 d!, 1.58 d"' and 1.50 d"! at pH 6, 7 and 8 respectively (Figure 2).

Activity of endo-1,4-b-D-glucanase (CMC-ase)

A complex of cellulase enzymes act upon organic substrate in soil leading on degradation and mineralization of organic
materials. Most of organic materials in peat is of plant origin, and its biodegradation rate is affected by cellulose type.
Our present study have indicate that Cellulomonas sp has capacity to hydrolize carboxymethyl cellulose. The later
substance is used to determined endoglucanase activity (Enari, 1983). The degradation rate of carboxymethyl cellulose is
affected by glucose addition (Figure 4). In most cases, during cell cultivation, addition of glucose seem to have lower
CMCase activity. Maximum enzymes activity was 6.0 unit for CMC as the sole carbon source observe after 4 incubation
at pH 7, whereas at pH 6 and 8 CMCase activity was less than that of pH 7 (Figure 3). Those indicate that enzymes
synthesis was pH dependent.
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Figure 2. Specific growth rate of Bacillus sp in cytophage medium at pH 6 (1),
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Figure 3. Profile of CMCase activity of Bacillus sp in Figure 4. Kurva Lineweaver-Burk, as a substitution
cytophage medium with or at various pH of Michaelis Menten for determination of Km and
Vmax

(Figure 5) indicating that the strain produce less of exo-1,4-3-D-glucanase, C1, (Enari, 1984). Addition of glucose has
positive effect on the bacterial growth indicating that the bacteria preferantially utilize glucose as C-source than Avicell

Profile of pH

Decreased of pH was observed at the beginning of incubation but then increased after 1 d incubation (Figure 6). The
reason for this is unclear, it supposed that degradation of Avicell (crystaline cellulose) occur slowly, and glucose was
converted into organic acid, as s reported by Holt et al., 1994. Many factors affect pH of culture such as degradation of
protein may have result in basic aminoacid release into bulk solution, complex enzyme and substrate, the presence of
inhibitor and culture age (Malik and Singh, 1980).
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ABSTRACT

Two dominating strains of yeast isolated from peat soil of Central Kalimantan was taxonomically and physiologically
studied. On the bases of its morphological and physiological characteristic those isolates were belonged to imperfect
yeast, and further identified on the bases of D1/D2 domain of large subunit ribosomal RNA gene were identified
as Candida tropicalis. The two strains have cellulolytic capacity as indicated by its ability to utilize carboxymethyl
cellulose as the sole carbon sources. Glucose augmentation stimulate biomass growth but repress enzyme activity.

Key words: imperfect yeast, Candida tropicalis and cellulolytic

INTRODUCTION

Microorganism is also commonly found in natural peat. Chemically peat soil is indicated by its high acidity, and thus
only acidophilus microbes will dominates microbial community of peat. Multi-cellular and unicellular fungi (yeast) are
encountered to be dominating peat microorganism. Other microorganism such as Actinomycetes and bacteria also represent
as a community member of peat microbes which have been found to be well adapted to this extreme habitat.

Peat varies in its chemical and consequently also in its microbiological composition. The microflora of peat
consists of a small number of genera and species only. Most of the organisms present are in a dormant or resting state.
The microbial activity in bog land is very small and slow. The entire situation is completely changed when the natural
peat is disturbed. The more decomposed, humified and carbonized the carbon material in peat, the smaller the content of
utilizable compounds and less available they become for microbes. The poorer the quality of peat with regard to its use as
fuel, the higher are the figures for microorganisms as obtained by the plate count method. Poor quality is equivalent to
low decomposition. Poor peat still contains organic matter, which can be used by microorganisms. It has been demonstrated
that the less-decomposed layers of high moor contain more hemicelluloses and celluloses than the well-decomposed
ones. We can conclude from this that a microbial activity is quite well evolved in less-decomposed peat; this is particularly
obvious when remains of the surface layer with root residues are mixed into the peat.

Micro flora has a major contribution in biodegradation of organic substances in soil. Fungi play essential role
in biodegradation of organic substances of Peat. Their population is mostly governed by the soil organic content. The
sources from which an organism derives its cell-C and energy are useful for describing basic physiological differences
among bacteria.

Peat composed dominantly by plant materials of which cellulose materials are the major component. Those
substances should be hydrolyzed by complex of microorganism, which perform various metabolic patterns. A few works
have been devoted on studying of cultivable yeast in peat ecosystem (Coughlan and Meyer, 1992; Hiroki and Watanabe,
1996). Our present work are trying to study cellulolytic yeast in peat, and to quantify the endo-1,4-p-D-glucanase
activity. Characteristic of biomass and pH profile during bacterial growth was also covered.

MATERIAL AND METHODS

Yeasts isolation

Peat Soil was collected from several study sites located at Central Kalimantan. Pre-cultivation was undertaken by shake
culture after transferring 10 g of sample into yeast nitrogen base 6.7%, yeast extract 0.1%, malt extract 0.1%, and glucose
20% (pH 6.8). The cultures were then incubated on rotary shaker for three days at 30 °C. Isolation was done by plate
count methods with three replicates. The isolation medium consisted of yeast extract (3g/L), malt extract (3g/L), bacto
peptone (5g/L), glucose (10g/L), agar (20g/L), 0.2% dichloran solution and streptomycin (100U/L), pH 3.7. Cultivation
of isolates were performed at 25 °C for three days.

Purification

Prior to use, each strain was streaked onto Yeast malt extract agar (YM agar) pH 6.5. This followed by incubation at 25
°C for 48 hour. Single well-separated colonies of each form are selected and restreaked onto the same media and reincubated.
Twice is generally sufficient to obtain pure culture. After 2 days, the colonies were examined using phase contrast
microscope for homogeneity. Homogenous strains were then grown in Yeast malt extract broth, and preserved.
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Identification of yeasts

The yeast strains were tested for their characteristics of vegetative reproduction, sexual characteristics, physiological and
biochemical characteristics as described by Kurtzman et al., (1998) and Barnett et al.,(2000).

Morphology of vegetative cells. Yeast cells can be globose, subglobose, ellipsoidal, ovoidal, cylindrical, botuliform,
bacilliform, apiculate, lunate or triangular. Definition and illustrations of the various possibilities can be found in Ainsworth
and Bisby’s Dictionary of the fungi (Hawksworth et al., 1995).

Formation of ascospore

Sporulation studies were performed using modified YM agar and Kowado agar containing (Potassium acetate 1.5%,
Glucose 0.02%, glutathion 10mM, and agar 2%). Strain from 48 hour growing slant were streaked to the above-mentioned
sporulation media, then incubated at 25 °C for 3 days, and examined for the presence of ascospores. Morphological
observation of ascospore was also conducted by scanning electron microscope (SEM).

Utilization of carbon compounds

Thirty four of carbon sources were used in this study. The assimilation media were inoculates with 0.1 ml of a suspension
of 2-day-old YM slant culture, and then the tubes were incubated at 25 °C. The tests were done on the continuously
rotating shaker at 160 rpm, and examined for turbidity during 2 weeks.

Assimilation of nitrogen compounds
The following of nitrogen source are used : potassium nitrate, sodium nitrite, cadaverine dihydrochloride, L-lysine, and
glucosamine.

The assimilation media were inoculated with 0.1 ml of a suspension of 2-days-old YM slant culture. Growth
was observed after 1 week of incubation at 25 °C in rotary shaker. When sign of growth is detected, a second tube was
inoculated with one loopful from the first to reconfirm the test result.

Sequencing of D1/D2 region

All methods used for PCR amplification of the D1/D2 region of LSU ribosomal RNA gene were those Sjamsuridzal
(2002). The D1/D2 region were amplified by PCR with the following two primers: F63 (5°-
GCATATCAATAAGCGGAGGAAAAG-3’), and LR3 (5’-GGTCCGTGTTTCAAGACGG-3"). Purified PCR product
were sequenced directly by using Alfexpress pharmacia biotech.

Phylogenetic analysis

The multiple alignments were performed by the program Clustal W (Thompson et al., 1994). The distance matrixes for
the aligned sequences were calculated by the two parameter method of Kimura (1980). The neighbor-joining method was
used for constructing a phylogenetic tree (Saitou and Nei, 1987).

Celulolyitic ability

All strains were grown on 1 % CMC containg media (Coughlan and Mayer, 1992) and the media was added with 0.1 %
congored. Clearing zone formation around growing colony was an indication of cellulolyitc activity (Joson and
Coronel, 1986 ). After 5-day incubation cellulolyitic ability was determined, the ratio the are of clearing zone to colony
was calculated.

CMCase determination

A twenty fourth aged culture (5 ml) grown on modified cytophage medium, was inoculated into 100 ml CMC containing
media with and without addition of 0.1 g/l glucose, and the culture was observed at interval of 2 h, and its CMC-ase
activity was determined follow Joson and Coronel, (1986) expressed in unit i.e. mmol glucose equivalent produced.
minute’. ml enzyme™'.

RESULTS AND DISCUSSION

Phenotypic characteristics

Two dominating yeast were isolated from peat soil. The two isolates were similar in morphology and shared similar
physiological characteristics features, as show in Table 1. The strains studied was subglobose measuring from 4 to 5.5 by
6.5 t0 9.5 mm. They did not produce ascospore during their life cycle. They produce gas during fermentation of glucose
and galactose. They grow well in the presence of glucose, galactose, maltose, soluble starch, D-xylose,D-mannitol and
D-glucitol as a carbon sources. The negative results observed in the presence of lactose, mellibiose, raffinose, inulin, L-
arabinose, D-arabinose and rhamnose. The isolates did not grow in the presence of sodium nitrate, nitrite and D-
glucosamine, hence it grows well in the medium contain cadaverine and L-lysine as a sole nitrogen sources. On the basis
of phenotypic characteristics shown in Table 1, we emphasize that those isolates were closely related to Candida tropicalis,
and identified as this species.
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Phylogenetic analysis based on partial sequence D1/D2 region of LSU ribosomal RNA gene, reveals that the
strain is the member of the genus Candida and have closely related in the class Hemiascomycetes. Figure 1 demonstrated
that strain studied has closely relative with Candida tropicalis, which received 97% bootstrap value.

Celulolytic capacity of soil yeast

Strain AG land AG 2 were identified as Candida tropicalis. They have similar cellulolytic capacity as Rhodotorula
minuta which was isolated from soil of Gunung Halimun National Park (Figure 2). Few reports have dealt with cellulolytic
yeast. The presence of cellulolytic yeast in peat soil will stimulate and enhance the biodegradation of organic substances.
In natural environment, yeast may co exist with other microorganism and perform simultaneous hydrolyses of complex
polymeric substances (Kurtzman et al., 1998) .

Table 1. Physiological characteristics of yeast strains studied

T Strain no T
Physiological test AG-1 AG-2
Fermentation

Glucose + +
Galactose + +
Assimilation

Glucose + +
Galactose + +
L-sorbose - -
Sucrose + +
Maltose + +
Cellobiose + +
Lactose - -
Mellibiose - -
Raffinose - -
Melezitose + +
Inulin - -
Soluble strach + +
D-xylose + +
L-arabinose - -
D-arabinose - -
L-rhamnose - +
Erythitol - -
Ribitol + +
Galactitol - -
D-mannitol + +
D-sorbitol + +
Glucono-Lactone - -
2-ketogluconic acid + +
Succinic Acid + +
D-glucuronic Acid - -
Arbutin + +
Xylitol + +
Methanol - -
Ethanol + +
Glycerol - -
D-L-Lactic Acid - -
Citric Acid

2.3 butanediol - -
Nitrate - -
Nitrite - -
L-lysine + +
Cadaverine + +
Glucosamine - -

-, negative; +, positive
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Figure 2. Celulolytic capacity of soil yeast Figure 3. Growth of Candida tropicalis

Strain AG1 and AG2 utilize CMC and glucose rapidly as indicated by Figure 2. Biomass syntheses occur under aerobic
condition. Glucose augmentation enhanced cell multiplication and result in higher biomass production is achieved when
0.5 % (w/v) glucose was added to CMC contained media. Most yeast assimilate glucose rapidly in oxygen saturated
environment (Kurtzman et al., 1998). When media contained glucose in excess cell metabolism appear responded
towards DNA synthesis and start stimulate cell multiplication.

As glucose taken up rapidly into cell, and hydrolyses of CMC is taking place due to activity of endo-1,4-b-D-
glucanase, and thus result in increase of specific growth rate of yeast cultured in glucose augmented media (Figure 3).
This is logical since intracellular glucose will stimulate glicolyses pathway to operate in maximum mode and affect other

concomitant metabolism such as three-carboxylic
acid pathways and protein synthesis. That all possible
metabolisms, finally have affected cell metabolisms

821 y= 0;5:3?9;:.9048 as expressed by higher biomass synthesis obtained
81 ~ when glucose is augmented into CMC contained
G A With glucose media.
756 - .
7.4 y= 0.02523)( +6.85 o Without glucose CMCase activity
7.2 A o =0.0834 Hydrolyses of CMC took place after 4 h incubation,
7 Linear(Without and maximum enzyme activity obtained after 28 h
68 1 glucose) incubation (Figure 5). In contrast to cell synthesis,
66 . . . - 'E'I“:s;{s:;mh glucose augmentation result in lower enzyme
0 5 10 15 20 25 activity. This phenomenon could be explained by
Incubation time (h) cell controlling mechanism for amount of carbon

required for cell metabolism. When glucose is added,
cell carbon demand, especially for C6 requiring
metabolic pathways, is already fit by available
carbon sources, then it is unnecessary for cell to
hydrolyse CMC via synthesis of endo-1,4-3-D-
glucanase. This phenomenon is indicated by
suppressed CMCase activity when glucose is added (Figure 5). Cellulase control activity is complex process and it seems
the mechanism by which cellulase is inhibited, suppressed, activated and stimulated are species dependent (Coughlan &
Mayer. 1992).

Amino acids and ammonium sulphate were also reported affect cellulase activity (Dees et al., 1995). Appears
enzyme activity is correlated with cell growth (Figure 3 and 5). High rate biomass synthesis and enzyme activity were
observed during this phase implying that carbon demand affect enzyme activity.

Figure 4. Specific growth rate of Candida tropicalis AG1

Km and Vmax
Substrate affinity (Km) and maximum enzyme activity (Vmax) of culture augmented (Figure 6) and non-augmented
glucose (Figure 7) were slightly different. When glucose was added, Km was 179.65 mM and Vmax was 53.19 unit.d”!,
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Figure 6. Km and Vmax of CMCase in Figure 7. Km and Vmax of CMCase in Cythophage
Cythophage medium with glucose medium without glucose augmentation

whereas non-glucose augmented cultures, Km and Vmax were 157.76 mM and 60.57 unit.d" respectively. Km value
indicating the substrate specificity and Vmax indicates the reaction velocity. The above value indicate that strain AG1
has quite high CMC hydrolyses rate in both media.

CONCLUSTION
Yeast were also found in peat soil, and its presence will accelerate biodegradation of organic material in peat ecosystem.
Glucose augmentation accelerates cell synthesis but lower CMCase activity.
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ABSTRACT

Pristine natural tropical peatland ecosystems have an important role in the global carbon cycle as carbon stores.
The SE Asian region comprising areas surrounding the South China Sea and areas in Papua-New Guinea contains
the largest expanse of tropical peat deposits. Carbon dioxide (CO,) and methane (CH)) fluxes in various peat
water table conditions on hummock and lawn peat surfaces were studied in tropical mixed-type peat swamp forest
in Central Kalimantan, Indonesia. Flux data was combined with long-term peat water table data in order to
produce annual emissions for gas fluxes.

The highest CO, emissions were attained during dry season when oxic peat layer is thick due to water
table drawdown. Tree root filled hummocks maintained steady CO, emission rate independent of the water table
in peat. On lawns CO, emission rate lowered when the peat water table was near the peat surface. Methane
emission rates remained small and were detected only in water-saturated peat. By applying year 1994-1995 water
table data, annual carbon emissions from peat swamp forest floor for CO, are estimated to be about 985 g C m™
and less than 1 g¢ C m? for CH,. Thus, CO, seems to be clearly more important in comparison to CH, when
proportioned to released carbon.

Key words: climate change, water level, CO,, CH, carbon dioxide, methane

INTRODUCTION
Partially decomposed organic matter deposits, i.e. peat, is developed in wet places where the annual deposit of dead
organic matter is higher than the breakdown and decay. This makes the system a carbon sink.

Estimates of the Worldis wetland area vary between 5.3 Mkm? (Matthews and Fung, 1987) and 6.4 Mkm?
(Lappalainen, 1996). About 75% or 4 Mkm? (+ 4%) area from the wetlands are peatlands (Armentano and Menges, 1986;
Andriesse, 1988). Although peatlands occupy only 3% of the Earthis land area, they can store 525 Gt or up to 24% of the
world soil carbon pool (Maltby and Immirzi, 1993).

Tropical peatland cover (0.3 - 0.5 Mkm?) is approximately 10% of the global peatland area (Immirzi and
Maltby, 1992; Maltby and Proctor, 1996; Lappalainen, 1996). The tropical peat carbon store is about 191 - 202 Gt (Rieley
and Setiadi, 1997; Post et al., 1982), thus representing 15% (Maltby and Immirzi, 1993) to over 30% of the world total
peat carbon pool (Jaya et al., 2000; Page et al., 2000; Siegert et al., 2002). Indonesia contains the largest area of peat in
the tropical zone with estimates ranging 16 - 27 Mha (RePPProT, 1990; Radjagukguk, 1992; Rieley et al., 1996 a, b).
Still, tropical peatlands are a major target for development although there are no detailed accounts on their natural
resource functions and values, or plans for their sustainable management (Diemont ef al., 2002). Incessant uncontrolled
illegal logging, poorly planned drainage, and disastrous peat fires on heavily disturbed peatlands are just a few examples
of the disasters in tropical biodiversity hot-spot and carbon store ecosystem (Page et al., 2002).

The age, rate of organic matter accumulation and carbon sequestration, and the amount of carbon stored in
boreal and temperate peats is well documented, but peat in the tropics has just recently received more attention as the
marked volume of the deposits and the rich flora and fauna is being discovered. This study was carried out in order to
estimate tropical peat swamp forest peat surface carbon dioxide (CO,) and methane (CH,) emission rates at various water
levels, and establish an estimate of the annual gas flux emissions for these gases at actual water levels.

MATERIAL AND METHODS

Study site

Carbon containing greenhouse gas fluxes were studied at mixed type peat swamp forest (Shepherd ef al., 1997) located
at southern part of Borneo, in Central Kalimantan province of Indonesia. Research site is at the upper Sungai Sebangau
catchment, about 20 km from the city of Palangka Raya. Logging concession PT. Setia Alam Jaya has selectively logged
the forest area for the commercially most valuable timber prior to year 1998 (Jack Rieley, personal communication).
Although there is recent illegal logging activity in the area, the forest in the research area was still in a relatively good
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condition. Further information about the research area and vegetation can be found in Shepherd ef al. (1997) and Page et
al. (1999).

The mean peat depth at the study site varied between 2 and 3 metres, and tree stand density was 1660 - 1793
stem per ha (Shepherd ef al., 1997). The forest floor was covered with a nearly continuous about 2 - 5 cm thick layer of
fallen tree leaves. The uppermost leaves were brown, hard and seemingly intact by decomposers, but transition underneath
debris to peat and roots was hard to detect. Some 20 - 30 decimetres high hummocks and adjoining depressions i.e. lawns
are typical formations on the forest floor. For the most, hummocks are formed from root plates of living trees. Small tree
seedlings and scattered sprouts of grassy vegetation on hummocks are common. During the rainy season water covers
about 65 - 80% of the peat surface, i.e. interconnected network of lawns, and streams slowly from the interior towards the
swamp edges. Lawns are usually vegetation-free, but pneumatophores, special tree root formations, pointing out from
lawn surfaces are relatively common.

Data collection and processing

Three sites were selected for the study about 1 km distance of each others. At each site, 3 subplots were selected, and each
subplot included 8 CO, measurement spots on hummocks and 1 spot for CO, and CH, flux determination on lawns.
Measurements were done in 3 - 5 weeks lasting intensive measurement periods during rainy and dry seasons in 1999 -
2001. Water table (WT) depth was measured with audible buzzer apparatus from wells next to each subplot.

Two methods were applied in the gas flux measurements. Closed chamber technique was applied for measuring
CO, and CH, fluxes in the lawn surfaces (method described in Crill et al., 1998; Bubier et al., 1998; Heikkinen et al.,
2002). For sample collection, 20 ml glass vials filled with nitrogen (99.5% N,) and closed with rubber septa were prepared
beforehand. Some days before the measurements were started, vegetation free lawn spots were selected. At each spot, a
square shaped open-top aluminium frame with dimensions (W X L X H) 60 X 60 X 30 - 50 cm, equipped with a groove
for water sealing on the upper edging, was fitted in peat to a depth at most 15 cm from the lower frame edging.

Prior each measurement the groove was filled with water, and a lid (dimensions W X L X H, 60 X 60 X 10
cm) was placed on the groove of the frame closed the chamber. A fan installed inside the chamber lid mixed air. Gas
samples were drawn into 60 ml syringes from the inlet of the chamber lid at 5 min intervals during the 20 min incubation
period. Vials were flushed with 40 ml of the sample and over pressurized with the remaining 20 ml. The gas samples were
transported to a laboratory for analysis. Hewlett Packard gas chromatograph with a flame ionization detector (FID) using
a Hayesek Q was used for CO, and CH, analyses (Nykénen et al., 1998, Heikkinen et al., 2002).

Another closed chamber method was used for measuring CO, emissions from hummock surfaces. A chamber
(@ 20 cm, height 10 cm) connected to a portable infrared gas analyzer (PP Systems, EGM-2) was placed tightly on the
peat surface at the start of the measurement. A small fan mixed air inside the chamber, and soft rubber sealing on the
lower edging prevented airflows out from the chamber. Air was circulated between the chamber and the analyzer while
the chamber CO, concentration was recorded at 1 min intervals during a 5 min measuring period.

In one lawn surface, pressure sensor (Druck Ltd. PDCR830) connected to data logger (Kona System C. Ltd,
Kadec-Up) recorded peat WT during 1.9.1994 - 29.6.1995. Average daily WT was calculated from the database. In order
to lengthen WT data to cover a period of one year, average daily WT depths were interpolated for the period 30.6. -
31.8.1995 by applying linear equation. In order to build water table data for hummock surfaces in the calculus, the
surface height was set to 20 cm above the lawn surface.

Carbon dioxide and methane flux rates were calculated from a linear change of gas concentration inside the
measurement chamber as a function of measurement time. The data collected from the three measurement sites was
merged together and split into classes in accordance with prevailed peat WT during gas sampling. Each of the WT classes
covers 10 cm wide range of WT depths, and is named after the mean WT-value.

In order to produce estimate of gas fluxes integrated over time, the mean flux rate at each WT class was
multiplied with the number of days owing that WT range, and the resulted daily fluxes were summed together. For CO,,
effect of hummock-lawn coverage on cumulative fluxes was studied.

RESULTS

Hummock CO, flux rates (486 - 622 mg m™ h™') were relatively uniform at various WT in comparison to flux rates
measured in lawns (139 - 877 mg m? h''). In lawns, lower CO, flux rates were detected especially with WT near the peat
surface (Fig. 1). However, with WT depths -20 - -50 cm the flux rates in lawn surfaces were higher than in hummocks. In
lawns, small CH, fluxes from peat to atmosphere were detected with WT near or at the peat surface, but with low WT the
flux direction was reversed (Fig. 1). Even the highest CH,-C flux rate (0.30 mg C m? h™') remained very low in comparison
to CO,-C flux rates (38 - 239 mg C m™ h'').

When comparing annual CO, fluxes with the equal hummock-lawn coverage, hummocks appear to be the
stronger CO, emission source with steadily rising cumulative emission, while high WT during the rainy season clearly
slows cumulative emissions from lawns (Fig. 2a). During the period with WT below the peat surface, i.e. from the
beginning of July till the end of December, the flux rates are about the same with the equal surface coverage-ratio (Fig.
2a). In reality lawns can be regarded as the primary CO, source, as their coverage in forest is higher than hummocks (Fig.
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Figure 1. Hummock and lawn CO, fluxes (on left), and lawn CH, fluxes (on right) in peat swamp forest at various
peat water table (WT) depth classes. Average flux rate (mg m? h') with S.E.M. Straight dotted vertical line repre-
sents situation when WT is at the peat surface, and horizontal line in CH, graph is the zero-flux rate. Note different
scales in the graphs
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Figure 2. Estimated cumulative carbon dioxide emission (g m™) from mixed peat swamp forest hummocks and
lawns (lines with symbols), and annual emission (line only). Emissions are presented with 2 hummock-lawn

coverage-ratios (%). Dates below the graphs are in form m.dd.yy. See text for the details of the calculus.

Table 1. Annual (1.9.1994 - 31.8.1995) CO, flux from hummocks and lawns, and annual CH, balance of lawns
(g m? a') of peat swamp forest. Fluxes are presented with various percentual hummock-lawn coverage.

Hummock and Hummock — lawn coverage (%)

lawn flux 50/50 40/60 30/70% 20/80 0/100
CO, (gm?a")|3978 3794 3610 3427
CO,C (gm?a’)| 1085 1035 985 935

JLawn fluxes only
CH, (gm?a’")| 067 0.81 0.94 1.08 1.35
CHsC (gm?a”) 051 0.61 0.71 0.81 1.01

" Observed relative hummock-lawn coverage at the study sites.
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Figure 3. Annual methane emission (g m?) from mixed peat swamp forest lawns ~ ratio of 30/70, the net annual CH,
during 1.9.1994 - 31.8.1995. Emission is presented with various percentual ~ flux from peat to atmosphere is

coverage. Dates in the graph are in form m.dd.yy. See text for the details of the ~ about 0.94 g m? (Table 1). If both
calculus. hummocks and lawns would have

identical CH,-flux-WT

dependence, the annual emission

would remain under 1.35 g m? a’!
(see Table 1) because hummocks are drier habitats. Comparison between cumulative CO, and CH, fluxes show that
production of CH,-originated C is less than 1 per mille of the CO,-C in the given WT conditions (Table 1).

DISCUSSION
Data presumptions
Mathematical approach in this study is simple. Establishing a straight the relation between measured gas emission rates
to the measured water tables gives relatively reliable estimates of the cumulative gas fluxes over time in the given
conditions. However, this approach does not allow predictions in largely differing conditions i.e. gas flux estimates in
extremely dry- or wet years. Another compromise made in this study is the interpolation of WT data for the period of
several weeks during the dry season. The missing fragment of primary WT data is at the beginning of the dry season, and
the presented linear decrease in the peat WT is quite possible for the season.

We have been able to measure only the emission of CO, and CH, from the peat soil. As there is no fixing of
CH, by the plants, our approach gives the annual balance for CH,. However with CO, the important part of CO, fixation
to the plant biomass and peat is missing. Then, our approach gives only one part of the annual balance for CO,. Further
studies are urgently needed to cover the other missing part of CO, balance in peat swamp forests.

Momentary gas flux rates
In temperate and boreal peatlands production of CH, and CO, is largely controlled by temperature and substrate availability
(Mikkeld et al., 1995; Schimel, 1995; Komulainen et al., 1998; Kettunen, 2002). Peat temperature in tropical climate (-
10 cm in peat, AVE+£SD 26+1.6 °C, n=145, unpublished data from this study) is high and stabile throughout the year (see
also Takahashi and Yonetani, 1997). However, the amount of rainfall may vary markedly both daily and annually (Takahashi
and Yonetani, 1997). Therefore in the tropics, the prevailing water level is more important than peat temperature in
controlling peat gas fluxes.

High input of small roots with poor decomposability is important for tropical peat accumulation (Brady, 1997,
2002). Slightly elevated, tree root filled hummocks are abundant in mixed peat swamp forest floor micro-topography.
Hummocks form large part of the peat surface, acrotelm, where the WT fluctuations take place and which is chemically
and biologically most active. In these aerobic conditions CO, is produced in autotrophic respiration of flora, heterotrophic
respiration of fauna, and released by micro-organisms in aerobic decomposition of organic matter. Root respiration and
litter decomposition in the extensive root mats in hummocks may have contributed much to the detected high CO,
emission rates. Root respiration may be the principal contributor for the steady remaining CO, production rate even in
wet conditions. However, in this study root respiration could not analytically be separated from the other peat CO,
sources. Vegetation-poor lawns probably produce CO, and CH, mostly from decomposing litter, and emissions are therefore
more controlled by the prevailing water table. High WT conditions decreased CO, emission rate in lawns, so the forest
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floor emission rates are at highest during dry season when both hummock and lawn surfaces have deep oxic zones. In
comparison, usual summertime CO, emission rates from Sphagnum-dominated ombrotrophic sites in boreal region seem
to remain well below 400 mg m h'! (Silvola et al., 1996; Nykénen et al., 1998)

The permanently waterlogged peat layer under water fluctuation zone is called catotelm, and CH, is a
characteristic product from the decomposition of organic matter in the anaerobic conditions. The ratio between CH,
production in anoxic and CH, consumption in oxic peat determines the gas flux rate (Roulet ez al., 1993; Shannon and
White, 1994). With water tables at about -50 cm or deeper, CH, consumption was found to exceed production rate in this
study. The phenomenon may occur when the lowered water table in peat leads to less space for CH, producing bacteria
giving more space for methanotrophic bacteria in the surface peat (Glenn et al., 1993; Roulet ef al., 1993; Martikainen et
al., 1995; Komulainen et al., 1998). Methane emissions increased in high WT conditions in this study, but remained
relatively small (maximum about 0.4 mg m2h' at -10 cm WT) in comparison to boreal Sphagnum-dominated bogs which
have been measured to have CH, emission rates starting from about 0.8 mg m?h™" up to 2 mg m? h' during summer
months (Nykénen et al., 1998; Martikainen et al., 1995).

Cumulative gas fluxes

The differences in cumulative CO, emissions with differing hypothetical surface coverage between hummocks and lawns
are of two kinds. On the one hand, increase in lawn coverage has decreasing effect on cumulative CO, emissions at high
WT conditions during rainy season. On the other hand, increased lawn coverage may lead to higher cumulative emissions
from lawns in comparison to hummocks at low WT conditions. However, the results suggest only minor change in the
annual CO, emission due to different proportional lawn-hummock coverage. The annual CO, flux (60 - 200 g C m? a™)
from boreal Sphagnum dominated ombrotrophic bog (Martikainen et al., 1995; Silvola et al., 1996) remains much smaller
in comparison to annual flux measured in this study (about 1000 g C m? a™').

Here CH, fluxes were measured only from lawn surfaces. As CH, is produced only in waterlogged conditions,
and WT in lawns is higher compared to hummocks, this should lead to better moisture conditions for CH, producing
bacteria in lawns. The measured CH, fluxes in lawns can therefore be regarded to represent reasonable approximate or be
a slight over-estimate for the whole forest floor surface fluxes. The forest lawn surfaces were CH, sinks during the dry
period, and clearly decreased cumulative CH, flux during the dry season. In boreal peatlands, favourable conditions for
changing CH, flux into peat have usually involved anthropogenic interference (Martikainen et al., 1995; Nykénen et al.,
1997; Nykénen et al., 1998). A representative average for undisturbed boreal Finnish bog CH,-C emissions vary between
2 and 15 g C m? a'' (Martikainen et al., 1995; Nykénen et al., 1998; Alm et al., 1999). Annual estimate for CH,-C
emissions from tropical peat swamp forest floor (<1g C m? a') can be therefore regarded as low, and to have a minor
effect on total C fluxes in peat swamp forest. In terms of the greenhouse effect upholding gases studied here, CO, seems
to be clearly more important than CH, in the amount of released carbon.

Reasons for the surprisingly low CH, emissions from tropical peat cannot be revealed in this study. Undefined
quantity of CH, may have escaped to the atmosphere through tree pneumatophores, which conduit air to roots in waterlogged
peat. In temperate and boreal wetlands, vascular plants have been noted to have an important role in substrate supply for
methanogenesis, as well as a transport route for CH, emissions (Whiting and Chanton, 1993; Frenzel and Rudolph, 1998;
Shannon et al., 1996; Saarnio and Silvola, 1999; Kettunen, 2002). The role of peat swamp tree structures in producing
favourable conditions for methanotrophic bacteria and in gas transportation needs further studies.

Carbon allocation from atmosphere to peat swamp forest ecosystem has not received needed attention yet,
thus making tropical peat swamp forest ecosystem C balance estimation difficult or impossible. The amount of CO,-C
bound into vegetation and partly allocated into peat can be assumed to be high in viably growing vegetation (Brady,
1997). At least in some tropical peat swamps the '“C-dated age of acrotelm peat show that deposits are in steady state or
expanding (Brady, 2002), which supports high C input rate to the ecosystem. Estimates of carbon accumulation rates in
tropical peatlands vary between 0.59 - 1.18 t ha! a! (Sorensen, 1993) and 0.61 - 1.45 t ha! a! (Neuzil, 1997), which are
well above the average rate estimate of 0.21 t C ha! a”! in bogs and fens at boreal and northern subarctic regions (Clymo
etal., 1998).

Carbon accumulation in the future climate

Environmental conditions regulating carbon accumulation from and release back to the atmosphere in peat swamp forests
can change because of several reasons; (i) due to the natural ecosystem development, (ii) due to climate change, or (iii)
due to human disturbance. In all these cases the balance between the peat hydrology and vegetation is disturbed. According
to Clymo (1984), slow fermentation rate of organic substrate in bogs is theoretically shown to lead to ceased growth of
the thickening peat domes, and thus limit the final volume of the peat deposit. Geophysically the growth of peat dome
demands continued wetness of the surface peat matrix, so the available rainfall and peat hydraulic conductivity need to
sustain favourable conditions for the peat-forming vegetation (Ingram, 1982). Many peat swamp forest sites are assumed
to be in steady state conditions or in the way of destruction, but in some areas peat depth may well be increasing under
favourable environmental conditions (Sieffermann et al., 1988; Neuzil, 1997; Moore & Shearer, 1997).
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Drainage and forest clearance will rapidly convert peat swamp forest ecosystem from sink and storage to a
greenhouse gas source (Andriesse, 1988; Diemont, 1992; Jauhiainen et al., 2002; Rieley and Page, 2002). In selectively
logged peatlands, net peat accumulation decreases after harvesting due to decline in organic matter input (Brady, 1997).
Plantation or agricultural crops in the developed peat can hardly substitute natural forest vegetation in C-sequestration.
Hydrology of peatlands is dependent on the precipitation and temperature. Due to climate change, tropical Southeast
Asia is predicted to be highly vulnerable in biodiversity and water resources within the next few decades (Lal ef al.,
2002). In Indonesia the present rainfall scenarios suggest a change in wet season with -5 to +15% and dry season change
with rainfall 0 to +10% before the year 2070 (Whetton and Rutherford, 1994). According to Meehl and Washington
(1996), future seasonal precipitation extremes associated with El Nifio event are likely to become more intense in tropical
Indian Ocean region so that anomalously wet areas could become drier during the future El Nifio events. If
evapotranspiration exceeds the amount of water input drier conditions follow. This may be due to lower precipitation
and/or due to increased evapotranspiration with gradually warming climate. The peat swamp ecosystem can probably
adapt to wetter conditions, but extensive droughts are likely to have negative effect on the vitality of the system and
function as a carbon sink. Weather extremes, such as hot and dry El Nifio years, have found to cause Amazonian basin
tropical forests to become net sources of carbon (Tian ef al., 1998). Although similar studies are not available from
Southeast Asian peat swamp forests, long-time lasting low WT conditions during El Nifio years (Takahashi ez al., 2002)
can cause C emissions from peat surfaces that may well exceed the amount of C bound to drought-suffering vegetation.
However, peat fires spreading out of control, consuming not only the surface vegetation but also the underlying peat and
tree roots, may cause the greatest effect at lowered WT. These fires could contribute to the dense haze and cause deterioration
in air quality, health problems, and even economy (Page et al., 2002).
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ABSTRACT

Development of biodegradable and safer bioflocculants that do not cause problems in environmental pollution
and toxicity and have strong flocculation activities are required. We have found that alcohol and sugar are useful
carbon sources for its flocculant production. Manitol, sorbitol and starch (29%, 25% and 26%, respectively) were
best for flocculant production while methanol and sucrose were the best inducer for cell growth and culture time.
The bioflocculant produced on buthanol medium flocculated a wide range of suspended soils. The flocculation
activity was increased as increasing of culture time on 6 to 8 days for alcohol and 12 days for polyphenols. The
highest bioflocculation activity (57% and 32%, respectively) was exhibited by strain-PS1-2 and PS4-2 when both
were stimulated by the addition of CaCl,, and was effective only when the reaction mixture contained an adequate
amount of bioflocculant.

Key words: bioflocculant, peat-soil, microbial isolate, alcohol, sugar, polyphenol.

INTRODUCTION

Synthetic flocculants have been used to aggregate colloidal substances in the field of waste water treatment such as
activated sludge processes as clarifying agents and they are expected to be used in more fields, such as downstream
processing and separation of microbes from cultures in fermentation plants (Nam, et al. 1996). However, their usages are
restricted since these synthetic flocculants particularly the monomers of organic synthetic high-polymer flocculants,
such as acrylamide, were reported have neurotoxic and strong carcinogenic properties, eventhough they exhibited a good
performance and strong flocculating activity (Kurane et al. 1994).

Recently, a variety of new microbial flocculants have been reported and screened from soil using kaolin clay as
the flocculation test material (Kurane and Matsuyama, 1994). Since this naturally occuring flocculants have only weak
flocculating activities, therefore, development of biodegradable and safer bioflocculants that do not cause problems in
environmental pollution and toxicity and also have strong flocculation activities are required.

This research reports on a study of a bioflocculant produced by microbial isolates from peat-soil of Tanjung
Puting National Park, center of Kalimantan.

MATERIALS AND METHODS

Screening of microbial flocculant producer

Screening of microbes from activated sludge was done using phtalic acid assimilation as the indicator. The reason why
this specified medium containing phtalic acid is used that Rhodococcus erythropolis produces effective bioflocculant. A
screening medium, in which phtalic acid was used as a sole carbon source instead of phtalate ester, was used as previously
reported. The slime-forming colonies among phtalic acid assimilation microbes such as Corynebacterium sp., Aspergillus
sojae, Dematium sp., Paecilomyces sp., Alcaligenes latas and A. cupidus. were cultured in the production medium and
then the flocculating activities were measured by using a suspension of kaolin. The composition of the production medium
for bioflocculant was starch (1%), K,HPO, (0,5%), KH,PO, (0,2%) MgSO, (0,02%), (NH,),SO, (0,05%), NaCl (0,01%)
yeast extrat (0,05%), urea and a carbon source (respectively 0,05%), with a pH adjusted to 8,0.

Measurement of flocculating activity
Flocculating activity was measured from the turbidity of kaolin clay suspension at a constant concentration (5000 ppm)
after flocculation with various amount of bioflocculant. Kaolin clay was suspended and CaCl, was dissolved in 8.9 mM
glycine-NaOH (pH 7.0). A reaction mixture in a test tube containing 9 ml of kaolin clay suspension was added with 50 ml
of culture broth and 1 ml of 0.5 M CaCl, solution sequentially was then stirred with a Vortex mixer for 20 seconds and left
for 5 minutes. The supernatant was collected and its optical density (OD,, ) was measured. A control experiment without
culture broth was carried out in the same process and the OD (OD,; ) was measured. Flocculating capacity was expressed
according to following equation {D(1/ OD__)}as (1/0D__)-(OD

550

550 550 550)4"

RESULTS AND DISCUSSION
We have screened ten isolated colonies from peat soil those exhibited flocculating activities against kaolin suspension
and established methanol as carbon source to produce flocculant using some isolates. Some microorganisms can grow
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with various carbon sources instead of alcohols and sugars. As shown in Fig. 1, microbial strain-PS1-2 and PS4-2 exhibited
the highest flocculating activities whereas strain PS 21 could grew well among the isolated strains. It was apparently that
flocculating activities was not much effected with higher cell growth. In another preliminary experiment we have also
observed an influence of pH on the cell growth and the flocculating activity. It was found that better medium for
producing the bioflocculant was at a mild condition. An extreme alkali and acid pH of medium could considerably affect
the flocculating activity (data not shown).
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Figure 1. Flocculating activity and cell growth of isolated strains.

We observed that strain PS 1-2 could assimilate almost all the carbon source tested. The flocculating activity was
measured with various amount of carbon source included sugars, alcohols and polyphenols at a constant concentration of
kaolin clay that could be flocculated at an adequate concentration of flocculant. The flocculating activity even decreased
when an excess concentration of flocculant was implemented.

Mannitol, sorbitol and starch were more effective carbon sources than alcohols and polyphenols, while glucose,
succrose and maltose were not effective to enhance the flocculating activity. Eventhough the bioflocculant that was
produced by the tested strain grown on succrose and methanol media was observely less in flocculating activity, however
a higher cell growth was observed on both media and therefore both of glucose and methanol were highly potential
carbon source for cell and enzyme production to study of bioflocculant productivity of none tested strain (Fig. 2).

The flocculating activity was stimulated by addition of CaCl,. This is similar to the previous report (Nam et al.
1996) in that the flocculating activities of Alcaligenes cupidus and Rhodococcus erythropolis, and other microbial
strains for kaolin clay were stimulated by the addition of cations such Ca* and Al**.
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Figure 2. Effects of carbon sources on cell growth and flocculating activities.
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It was apparently longer chain of carbon source was more effective for the biofloculant production. In this study,
we found that mannitol, sorbitol and starch were more effective than glucose, succrose and maltose. Using longer chain
of alcohols as carbon source, it was observed that propanol, butanol and glycerol were the most effective media for the
biofloculant production, although methanol and ethanol were not so much effected. It was found that catechin was the
most effective medium for production of biofloccullant among the polyphenols media. Maximum flocculating activity
was observed in butanol, propanol and glycerol media after 6 days (21%), 8 days (18%), and 10 days (19%) cultivation,
respectively. However, less flocculating activity was shown in methanol and ethanol media (Fig. 3).

25,00

E4- days [6-days E8-days [010-days E12-days

S
>, 20,00 |
=
2>
© 15,00
<
(=]
S 10,00 |
=)
i}
3
g 5,00
o
L.
0,00
e

Carbon Source

Figure 3. Courses of flocculating activities grown on various alcohols and polyphenols.

Flocculating activity of tested strain in cathechin medium was observely increased as increasing days of cultivation
from 6 to 10 days (13 to 19%). However, poor flocculating activity was shown when it was grown on hydroquinone,
resorcinol and pyrocathecol media. Almost no activity of flocculation when the strain was cultivated in pyrocathecol
medium up to 14 days cultivation (data not shown). These results show that butanol, propanol, glycerol and catechin are
the best carbon source of the alcohols and polyphenols tested to produce bioflocculant by using our isolate.

Bioflocculant produced on sugar, alcohols and polyphenols were usable on a variety of suspended solids, especially
kaolin clay. This is our preliminary study to show that properties of bioflocculants produced on carbon source of longer
chain of sugars, alcohols and polyphenols were considerably similar. It is a suggested to study the effect of organic and
inorganic ions in the production of flocculant since we had no observation data on the effect of variety organic and
inorganic nitrogen sources. It is also suggested to purify the observed bioflocculant in order to study the properties in
detail.

The reason why we implemented polyphenols also in the medium is as the fact we found in the preliminary
experiment that glycoside form of catechin could be synthesized enzymatically during cultivating of bioflocculant. This
catechin glycoside exhibited not only a preventive effect against toxicity but also showed a reparative effect against
damage by O, that caused oxidative damaged to bio-molecules, resulting in cell-lysis and inflamatory on their gizzard
and gut of living organism. It is therefore an antitoxic effect could be synthesized during the production of bioflocculant
(Sulistyo, et al. 2000&2001).

ACKNOWLEDGMENT
The present study was supported by the Research Center for Biology, Indonesian Institute of Sciences, Utilization of
Biological Resources Project 2002.

REFERENCES

Kurane, R., K. Hatamochi, T. Kakuno, M. Kiyohara, M. Hirano, and Y. Taniguchi. 1994. Production of bioflocculant by
Rhodococcus erythropolis. S-1 grown on alcohols. Biosci. Biotech. Biochem., 58 (2), 428-429.

Kurane, R. and H. Matsuyama. 1994. Production of bioflocculant by mixed culture. Biosci. Biotech. Biochem., 58 (9),
1589-1594.

Nam, J.S., G.S. Kwon, S.O. Lee, J.S. Hwang, J.D. Lee, B. D. Yoon and T.H. Lee. 1996. Bioflocculant produced by
Aspergillus sp. JS-42. Biosci. Biotech. Biochem., 60 (2), 325-327.

117



Sulistyo, J., A. Dinoto and R. Handayani. 2000. Enzymatic synthesis of polyphenol glucosides and their activities on
inhibition of melanogenesis and mutagenesis. J. BioSMART. 3 (1),1-6.

Sulistyo, J., Y. Yanuar and L. Suryanegara. 2001. Antitoxic Activity of Enzymatically Synthesyzed Catechin Glucoside.
J. BioSMART. 4 (2), 6-10.

118



Arbuscular Mycorrhizas of Plants Grown in Peat Swamp Forest of

Central Kalimantan

Tawaraya, K'., Takaya, Y'., Turjaman, M2, Tuah, S.J*., Limin, S. H?., Tamai, Y*,,
Cha, J. Y°., Wagatsuma, T'. and Osaki, M*,

"Faculty of Agriculture, Yamagata University, Tsuruoka, 997-8555, Japan, 2Forest and
Nature Conservation Research and Development Centre, Ministry of Forestry, Bogor,
16610, Indonesia, 3Faculty of Agriculture, University of Palangka Raya, Palangka Raya,
73112, Indonesia, *Graduate School of Agriculture, Hokkaido University, Sapporo, 060-
8589, Japan, SWakayama Experimental Forest, Field Science Center for Northern
Biosphere, Hokkaido University, Kozakawa, 649-4563, Japan

Corresponding author: Tawaraya, K.
Tel: +81-235-28-2870, Fax:+81-235-25-8578, e-mail: tawaraya@tds1.tr.yamagata-u.ac.jp

ABSTRACT

Arbuscular mycorrhizas (AM) are formed in 80% of land plants and improve growth and nutrient uptake of
plants. Little imformation is available on status of AM in tropical soils. The objective of this study was to clarify
mycorrhizal colonisation of tree species grown in tropical peat soils. Seedlings of 22 species in 14 families grown in
peat swamp forest of Central Kalimantan, Indonesia were collected in 2000 and 2001. Roots were stained with
0.05% aniline blue and arbuscules, vesicles and internal hyphae were observed under compound microscope.
Seventeen species in twenty-two species showed AM colonisation. AM colonisation was observed for the first time
in roots of Palaquium gutta (Sapotaceae), Calophyllum soulattri (Guttiferae), Campnosperma auriculatum
(Anacadiaceae), Cratoxylum arborescens (Guttiferae), Tetramerista glabra (Tetrameristaceae), Eugenia sp.
(Mytraceae), Shorea teysmanniana (Dipterocarpaceae), Gonystylus bancanus (Thymelaeaceae), Hevea brasiliensis
(Euphobiaceae). No AM colonization was found in Hopea mengarawan (Dipterocarpaceae), Koompassia malacensis
(Caesalpiniaceae), Tristaniopsis whiteana (Myrtaceae), Combretocapus rotundatus (Rhizophoraceae) and Dyera
costulata (Apocynaceae). It is suggested that inoculation of AM fungi can improve an early growth of some tree
species grown in peat swamp forest and therefore accelerate rehabilitation of peatlands.

Key words: arbuscular mycorrhiza, colonization, peat swamp forest, tropical soil

INTRODUCTION

Peat swamp forests have been decreasing due to conversion of forests into farm land by excessive draining, the use of
shifting cultivation on a large scale, illegal logging and forest fire. It is necessary to understand edaphic factors, including
the physical, chemical and biological properties of soil, in order to remediate disturbed forests. Of these properties, the
biological is least known. Mycorrhizas affect the maintenance of vegetation in various ecosystems, and may play an
important role in tropical peat swamp forests. Moyersoen et al. (2001) showed that AM colonization was about 40% in
plants grown in heath forests and mixed Dipterocapaceae forest of Brunei Darussalam. AM may be formed even in trees,
which grow in the peat swamp forest. It may be possible that AM improves the early growth of tree species and hence has
an important role in the rehabilitation of disturbed peat swamp forests if mycorrhizal colonization in these soils is proven.
In this study, we collected natural seedlings of representative tree species in peat soil of Central Kalimantan, Indonesia
and investigated AM colonization in these plants in order to clarify the status of mycorrhiza in the tropical peat swamp
forest.

MATERIALS AND METHODS

Twenty-two species (20 genera) of representative tree were collected in September and October 2000 and November
2001. Identification of tree species was done according to the morphological characteristics at the Forest and Nature
Conservation Research and Development Centre, Ministry of Forestry, Bogor, Indonesia. Three replicate plant samples
were collected from thirty-six different sites. Roots were separated from shoots while in the field and packed into plastic
bags and sent to the laboratory. Roots were washed with tap water to separate them from soil particles. The roots were
cleared in KOH (100 g L") for 1 hour, acidified with diluted HCI (Phillips and Hayman 1970) and stained with 500 mg
L' aniline blue for 15 min. The percentage mycorrhizal colonization was determined by the grid line intersect method
(Giovannetti and Mosse, 1980) under a compound microscope. Presence of arbuscules, internal hyphae and vesicules
was recorded from each intersect and expressed as a percentage of total root intersect.

RESULTS
Seventeen species of twenty-two species showed mycorrhizal colonization (Table 1). AM colonization was observed for
the first time in roots of Shorea teysmanniana, Shorea balangeran, Shorea uliginosa (Dipterocarpaceae), Calophyllum
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sclerophyllum, Calophyllum soulattri, Cratoxylum arborescens (Guttiferae), Tetramerista glabra (Tetrameristaceae),
Palaquium gutta (Sapotaceae), Melastoma melabathricum (Melastomataceae), Gonystylus bancanus (Thymelacaceae),
Hevea brasiliensis (Euphorbiaceae) and Campnosperma auriculatum (Anacardiaceae). No AM colonization was found
in Hopea mengarawan (Dipterocarpaceae), Koompassia malacensis (Caesalpiniaceae), Tristaniopsis whiteana (Myrtaceae),
Combretocapus rotundatus (Rhizophoraceae) and Dyera costulata (Apocynaceae).

DISCUSSION

AM colonization was observed in 77% of these plant samples
from tropical peat swamp forest of Central Kalimantan and in
seventeen tree species colonization was observed for the first
time. AM colonization has never been reported in any species
of Dipterocarpaceae and Tetrameristaceae. In tropical forests

Table 1 Arbuscular mycorrhizal colonization

of tree species

Species Colonization (%)* o
sh : other than peat swamp forests, AM colonization was shown to
orea teysmanniana 10 5 ! .
, be present in heath forests (Moyersoen et al., 2001), dipterocarp
Shorea teysmanniana 9 8
forests and secondary forests (Metcalfe et al., 1998),
Shorea balangeran 8 4 R R
h Lioi e monodominant lowland and upland forests (Torti et al., 1997)
ore uliginosa .
g o o and lowland rainforests (Bakarr and Janos 1996). In temperate
Hopea mengarawan ‘ aquatic conditions, AM was also observed in fens (Cornwell et
Calophyllum soulattri 413 al., 2001) Our results of AM colonization in some genera are
Calophyllum sclerophyllum 1813 consistent with previous reports of Smits (1992) with Ficus sp.,
Calophyllum sp. 4 3 Callophyllum sp., Palaquium sp. and Syzygium sp. in East
Cratoxylum arborescens 69 4 Kalimantan and of Moyersoen et al. (2001) with Callophyllum
Tetramerista glabra 5 7 ferugineum, Syzygium bankensis, Tristania beccarii in Brunei
Palaquium gutta 17 3 Darussalam. There are also reports on AM colonization in other
Syzygium sp. 12 3 species of Anacardiaceae, Euphorbiaceae, Mimosaceae and
Tristaniopsis whiteana 0o 0 Sapotaceae in Cameroon (Onguene and Kuyper, 2001) and
Gonystylus bancanus 37 7 Guttiferae and Mytraceae in Brunei Darssalam (Moyersoen et
Combretocapus rotundatus 0 o al., 2001) and Mimosaceae in Uruguay (Frioni et al., 1999) and
Hevea brasiliensis 60 2 in Sierra Leone (Bakarr and Janos, 1996). AM colonization in
Campnosperma auriculatum 28 7 Acacia mangium has been previously reported in SierraLeone
Ficus sp. 15 9 (ngarr and J anos, 19?6). GI‘O\thh of'this specic?s has beep shown
X . . to improve with the inoculation of mycorrhizal fungi (Habte
oompassia malaccensis 0 0 i K K K
, , and Soedarjo, 1995). Along with Dipterocapaceae , these species
Acacia mangium 65 4 A ! . . .
. are also important in Central Kalimantan. It is possible that the
Melastoma melabathricum 56 9 . . .
b tulata o o early growth of these species in tropical peat soil can also be
a costu . . . . .
Yer improved with the inoculations of the AM fungi.
*: Mean standard error
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ABSTRACT

Soil macro fauna has almost the same important role as soil microorganism in affecting soil characteristics. However,
the data regarding the population and the biodiversity of soil macro fauna in Indonesia are still rare. The objective
of this research is to determine the population and biodiversity of soil macro fauna in various crop land types and
soil depth.

The research was conducted at Bogor Agricultural University Field Experiment Station in Pasir Sarongge,
Cipanas at four crop land types namely grass, citrus orchard, cerealia, and vegetables. In each crop land type,
hand sorting observation method was conducted at four different soil depths: 0-10 cm, 10-20 ¢cm, 20-30 cm, and
30-40 cm. Each observation was replicated four times at different locations.

The total population of soil macro fauna in each crop land type were grass>cerealia>vegetables>citrus
orchard. The population were 3.64 x 10° organisms/ha, 3.54 x 10° organisms/ha, 3.28 x 10° organisms/ha, and 3.17
x 10¢ organisms/ha respectively. In all crop land types, the total population of soil macro fauna was decreasing
with soil depth. The population of soil macro fauna at 0-10 cm and 10-20 cm were affected significantly by crop
land types. The type of crop land had a significant effect on soil macro fauna biodiversity in all soil depth.

The biodiversity of soil macro fauna were vegetables>citrus orchard>cerealia>grass. The biodiversity in
all crop land types were decreased with soil depth. The population of earthworm and ants were affected significantly
by soil depth in all crop land types, meanwhile the population of termites, centipedes, and beetles were affected by
soil depth only in certain crop land type.

Key words: soil macro fauna, biodiversity, earthworm, ants, termites, centipedes.

INTRODUCTION

Biodiversity has relationship with ecosystem variety and life variability of all sorts of animals, plants and microorganism
in the world. The difference in energy input and soil physical condition greatly affect the population and biodiversity of
soil organisms.

The activities of soil flora and fauna interwoven each other, therefore it is very difficult to study separately. Soil
macro fauna together with soil micro organism play an important role in the process of decomposition, namely in chewing
and tearing plant tissue and moving the soil organic matter on soil surface from one place to another and often carrying
them into the soil. Together with soil micro flora, soil animals utilize the energy content of the plant residues (Brady,
1974).

Although the share of soil biomass (macro, meso and micro organisms) in soil organic matter is small, in nature
soil biomass varies between 1 to 5 % of the total soil organic matter, however their activity has long been recognized as
a key factor influencing many soil processes such as soil genesis, productivity, and ecosystem. They also play a major
role in the biochemical and physical aspect of soil fertility, soil structure, and water relationship (McGill and Cole, 1981;
Stevenson, 1986).

Soil is composed of minerals, organic matter, water and gases. Organisms living in the soil vary greatly in kind
and size. The difference in the soil biotic components present in the soil depends on food supply in the soil. Interaction
between physical and chemical factors causes soil habitat variability in the nature and will affect the composition and
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activities of soil biota in certain place and time (Killham, 1994). Compared with undisturbed area (e.g. nature forest),
arable land usually has lower population and soil biomass, especially soil fauna. In general higher population and
biodiversity of fauna are found in undisturbed soil such as grassland and nature forest, where they play important role in
the food chain (Woomer and Swift, 1994).

Most of researches done in the past few decade dealt with soil microorganism, especially soil bacteria and soil
fungi, although soil macrobiotic have also almost the same important role in affecting soil processes as the soil
microorganism. This research was done because the data regarding the population and the biodiversity of soil macro
fauna in Indonesia are still rare. The data regarding soil macro organisms are needed because the population and soil
biotic biodiversity present in the soil will affect soil characteristics. Soil macro fauna greatly affect the distribution of
soil particle (e.g. bioturbation), water holding capacity, and soil infiltration.

According to Woomer and Swift (1994) organisms that belong to soil macro fauna in general have size bigger than
2 mm. Soil macro fauna that often be found in the soil are earthworm, termites, ants, snail, mites, centipedes, millipedes,
insects and small mammals.

The objective of this study was to determine the population and biodiversity of soil macro fauna in various crop
land types and soil depth.

MATERIALS AND METHODS

The research was conducted at Bogor Agricultural University Field Experiment Station in Pasir Sarongge, Cipanas (1
200 m above sea level), West Java at the east slope of Mount Gede. This area has an average rainfall 249 mm/month and
annual rainfall 2988 mm/year. The soil in this area developed from the Mount Gede Eruption materials in 1747-1748 &
1947-1948 belong to the order of Andisol.

The research use four cropland types as observations site, namely: Grassland, Citrus orchard, Cereals (Corn), and
Vegetables (Carrots, Chinese cabbage, Cabbage and Spring Onion). In each site the observations were done at four soil
depth: 0-10; 10-20; 20-30; 30-40 cm. Preliminary soil analysis on soil chemical properties (pH, Corgr cations, and CEC)
was conducted in each site.

To observe and count the soil fauna, hand sorting method was used in this research. In each site the soil was dug
by 1 m x 1 m according to the depth determined in the research and the soil was sieved with 5 mm and 2 mm sieves. Then
the fauna were collected by hand using tweezers and kept in the small bottles filled with formalin according to its kind
and later were counted with the help of loupe. In each observation site four replications were made.

To test the influence of crop land type and soil depth on the population and biodiversity of soil macro fauna,

statistical analysis using completely random design with four replications was used.

RESULTS AND DISCUSSION
Soil properties
The soil reaction of the Andisol in each site varies from slightly acid to slightly neutral and also the other chemical
properties vary between each site. The difference in soil reaction and other chemical properties were due to management
of the crops themselves. The vegetables soil was work more intensively (more tillage and fertilizers), therefore has
higher pH, but lower in organic matter content. The cereals soil also relatively was managed more often then grassland
and Citrus orchard. The grassland and Citrus orchard were the least managed soil, almost undisturbed, therefore have the
higher organic C content (Table 1.)

Because of the differences in the soil chemical properties therefore it can be expected that there will be differences
in the soil fauna population and
biodiversity. The most important factor that

; . o Table 1. Some chemical properties of the Andisol Pasir Sarongge West Java.
influences the size of population is the food

supply which is reflected by the content of C- Ca- Mg- K- Na-

PPLY . . Y Crop land type pH Org. | Exch. | Exch. | Exch. | Exch. CEC
the soil organic matter. The second %) meq/100 g
important factor is soil reaction. Other g (g 570 | s42 | 765 | 052 | 040 | 006 | 2591
factors that also important influence the size Citrus Orchard 520 | 534 | 4.66 0.43 0.17 0.15 18.08
of population is the intensity of disturbance Cereals 5301 470 | 690 | 063 | 023 | 034 | 1731
) . : Vegetables 620 | 3.89 | 3.5 1.29 0.45 027 | 2590
in that particular ecosystem (e.g. tillage).

Population of soil macro fauna in each crop land type
In grassland soil, ants and termites were the most dominant fauna throughout the soil depth. In the second layer (10-20
cm), termites have higher population as compared with first layer, because termites usually made their nest in that depth.
Earthworm, beetle larvae, and centipedes also were found in relatively high amount. In grass soil, it was found 10 kinds
of soil macro fauna (Table 2.). Grassland soil has the highest population of soil macro fauna as compared with other crop
land types.

Grassland soil has the highest soil macro fauna population because it was never tilled, therefore the soil organic
matter tend to accumulate in the soil surface. It has the highest soil organic matter content (Table 1.), so it has abundance
food supply that can accommodate higher soil macro fauna population.
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In citrus orchard soil, ants and
termites were also the most dominant fauna
throughout the soil depth. However, the Table 2. Means of soil macro fauna population found in grassland soil.

hlgl}llest terlLertes1 populatlcl)n was founctli o}?ly Soil Depth (em)
oo suree e (0-10 Cm,)ila‘;l O No. | soil Macto Fauna 0-10 [ 1020 | 2030 | 3040
the popu atlgn ecreases with the soi Means population per
depth. Centlpgdes, earthworm, beetle T T Earthworm G 5 3 0
larvae, mole cricket and roach also were 2. | Ant 54 28 31 11
found in relatively high amount. In citrus 3. | Termite 27 82 35 4
hard soil. i f d 12 kinds of soil 4. | Mole Cricket 3 0 0 1
orchard soil, it was foun ' inds of soi 5. | Centipede 14 1 4 -
macro fauna (Table 3.). Citrus orchard soil 6. | Cricket 1 0 0 1
has the highest biodiversity of soil macro ; glzlgle; larvac 115 (3) (1) (1)
fauna as compared with other crop land 9 | Small Beetle ) 0 0 0
types. In this soil many fauna still can be 10. | Roach 1 1 0 0

found in relatively high number in the
depth of 30-40 cm.

Citrus orchard soil has different kind of earthworm as compared with others soil. In this soil the earthworm has
bigger size and darker color; whereas the others crop land types have relatively the same earthworms. Citrus orchard soil
also seldom was tilled, therefore the soil organic matter tend to accumulate in the soil surface. It has the second highest
soil organic matter content (Table 1.), however, has the lowest soil reaction so it has also the lowest soil macro fauna
population.

Beetle larvae prefer living where the soil
organic matter was abundance, therefore in citrus

orchard soil m ostly was found in the soil surface Table 3. Means of soil macro fauna population found in citrus orchard soil.

and the population was the highest among others Soil Depth (cm)

crop land types. Citrus orchard soil has the second No. | Soil Macro Fauna 0-10 ‘ 10— 20 | 2030 | 30— 40

highest centipedesi population. Most centipedes Means population per i

are predator; they prey on other smaller soil fauna. I | Barthworm 19 3 1 0

They can move quickly, therefore they can be 2. | Ant 41 14 10 4
. . 3. | Termite 50 7 4 2

fognd throughout the soil .depth. Cltl‘U:S orchard 1 | Mole Cricket I8 7 5 o

soil has the highest mole cricket population. Mole 5. | Centipede 22 13 10 9

cricket likes to live in wet or humid environment, 6. Crifiket 8 0 0 é

. . . 7. | Spider 9 1 0

an'd mtrgs orch'flrd gives thaF con'dltlon. Mole g | Beetle larvae 19 3 1 ]

cricket is omnivore, sometime it act also as 9. | Small Beetle 2 0 0 0

predator by feeding some smaller soil fauna, but i? Eaterg”lar 171 } g (O)

. . . . oac.

it brings more disadvantages to the plant because 12 | Snail 7 0 0 0

it likes to feed on plant roots (Kalshoven and van
der Laan, 1981).

The result of soil macro fauna counting in the cereals soil can be seen in Table 4. Termites, ants and earthworm
were the most dominant macro fauna found in this soil. The earthworms found in this soil have smaller size and have
reddish color. This soil has been tilled relatively often, and was also often sprayed with pesticide, therefore disturbed the
soil ecosystem. The cereals soil has 10 kinds of soil macro fauna, less biodiversity as compared with other crop land
types.

The distribution of termitesi population in
this soil was the same as in the grassland soil,
namely highest in the second layer (10-20 cm)

Table 5. Means of soil macro fauna population found in vegetables soil.

and then decreases with soil depth. However, the Soil Depth (cm)
population in the depth 30-40 still the highest as No. | Soil Macro Fauna 0-10 1 10-20 | 50-30 | 3040
compared with others crop land types. This is Means population per m
due to the tillage, so the distribution of soil organic T | Earthworm 2 16 7 0
matter was more evenly in the soil profile till the 2. | Ant 38 42 17 6
: 3. | Termite 32 13 9 4
depth ?50-40 cm. Organic matter‘ means food for 1 | Mole Cricket | P 0 3
the soil fauna. When the organic matter can be 5. | Centipede 52 19 6 8
distributed deeper, then the organisms can also 6. | Cricket 1 3 0 1
d to find the food 7. | Spider 1 1 0 0
move deeper o hn 'e ood. L 8. | Beetle larvae 7 3 1 1
The result of soil macro fauna counting in 9. | Small Beetle 1 1 1 0
the vegetables soil can be seen in Table 5. 10. | Caterpillar ! ! ! 0
11. | Roach 1 0 0 0

Centipedes were the most dominant fauna found
in this soil, followed by ants, termites, earthworms
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and beetle larvae. In vegetables soil, it was found 11 kinds of soil macro fauna.

Vegetables soil also has been tilled relatively often, and was also often sprayed with pesticide, therefore disturbed
the soil ecosystem. Intensive tillage has reduced the soil organic matter content. Although this soil has the lowest
organic matter content, but it has the highest soil reaction, therefore it will affect the population of the soil macro fauna.

The influence of crop land type on soil macro fauna population and biodiversity

Soil macro fauna population

The total population of soil macro fauna in the depth of 0-40 cm was grassland>cereals>vegetables>citrus orchard (Fig.
1). Grassland soil has the highest soil

macro fauna population, because this soil

has better soil environment (Table 1.), : Sl ttieh ~ I 450 LN
whereas citrus orchard has the lowest | 1
population. Citrus orchard soil though has 370 -

second highest organic matter content, but 260 e 214
organic matter supplied by citrus plant k= =l
contains a lot of volatile oil that is | g 380 328
poisonous to soil fauna, therefore cannot | 5 340 g
be utilized optimally by soil fauna. Beside é 330 -
that, citrus soil also has the lowest pH, no 2 320 .
wonder that citrus soil has the lowest = i j
. . c 310 - |
population of soil fauna. = ; 5
Cereals and vegetables soils have 300 -
intermediate amount of soil macro fauna | 290 ! —e
population. Though these soils have | __ S SNOR LRI THRRE . ¢ b tete . i )
enough litter and plant residue supply and || BGrassland  @Citrus orchard  CCereals O Vegetables |

good soil reaction, but were tilled and also
applied with pesticide relatively often,
therefore have more disturbances to the soil
ecosystem as the habitat of the soil macro fauna. As a consequence the total populations were not so high as compared
with grassland.

Statistical analysis showed that crop land type significantly affected the total population of soil macro fauna in the
depth of 0-10 cm and 10-20 c¢m, but
has no significant effect on the depth
0f 20-30 cm and 30-40 cm (Table 6.). Table 6. Mean population of soil macro fauna as affected by crop land types and soil depth.

The total population of soil
macro fauna decreased with the soil

Figure 1. Total population of soil macro fauna in 0 - 40 cm soil
depth at four crop land types

Soil Depth (cm)

depth (population in 0-10 cm> 10-20 No. | Crop Land Type 0-10 | 10-20 | 20-30 H 30-40
cm> 20-30 cm> 30-40 cm). In all crop T/m’

land type surface layer (0-10 cm) has 1. | Grassland 133 b 132b 74 od 25d
the highest population and the deepest 2. | Citrus Orchard 213 a 50d 28 d 26d
layer has the least population. This 3. | Cereals 132 b 129 b 69 cd 24 d
phenomenon has relationship with the 4. | Vegetables 156 b 107be | 42 d 234

soil organic matter content. Organic
matter content of the soil decreased
with the soil depth.

Note: Number followed with the same letter is not significantly different at 5 % LSD.

Soil macro fauna biodiversity

Statistical analysis showed that crop land type significantly affected the soil biodiversity of the soil macro fauna in all
soil depth. Soil depth also significantly

affected the soil biodiversity of the soil

macro fauna in all crop land type. Soil Table 7. Biodiversity of soil macro fauna as affected by crop land types and soil depth.

macro fauna biodiversity in the surface Soil Depth (cm)
layer was vegetables §01l> citrus soil> No. | Crop Land Type 010 | =30 | 2030 | 30=40
grassland> cereals soil (Table 7.). >
. >/m

In the surface layer cereals soil '
has the lowest biodiversity, because the . | Grassland 10a §ef 31 6h
plant coverage was not so high and also 2. | Citrus Orchard 12b 8 ef 6h 6h
organic matter supply of the maize 3. | Cereals 9b 8ef 7g 6h
plant was not so high. The soil also 4. | Vegetables Ila 10b 7¢g 78
was not planted in rotation with other Note: Number followed with the same letter is not significantly different at 5 % LSD.
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plant. On the other hand, vegetables soil has the highest biodiversity; this was due to the fact that in this soil plant
rotation between Carrots, Chinese cabbage, Cabbage and Spring Onion was applied intensively. It can not be denied that
every crop may has certain macro fauna which likes to live in its vicinity, therefore with this plant rotation, the diversity
of the soil macro fauna will increase.

Population of some soil macro fauna on crop land types
In this section some soil macro fauna which have higher population and have important role in the soil ecosystem will be
discussed; some of them were earthworms, ants, termites, centipedes and beetles.

Earthworms
Statistical analysis showed that crop land type significantly affected the population of earthworms in the depth of 0-10
cm, 10-20 ¢cm, and 20-30 ¢m, but has no
significant effect on the depth of 30-40 cm
(Table 8.). Soil depth significantly affects

; . . Table 8. Earthworms’ population as affected by crop land types and soil depth.
earthwormsi population in all crop land

types. Soil Depth (cm)

The earthwormsi population was No. | Crop Land Type 0-10 | 10-20 | 20-30 H 3040 | Total
highest in cereals soil. This was due to the >/m’
fact that cereals soil has high organic matter Grassland 5ab 1 6bad | 3o 0o 2
content and exchangeable Ca (Table 1.). ‘As Citrus Orchard 19ab | 3 ¢ le 0c ”
already kpown ear.thwo'rms peed high Cereals 20a | 160 | 13ab | 1c S0
concentration of Ca in their habitat. Other
factor that affected earthwormsi population 4. | Vegetables 22a | 16ab | The 0¢ »

may be due to the addition of the manure in Note: Number followed with the same letter is not significantly different at 5 % LSD.

cereals soil. Russel (1978) has reported that
manure addition increased the earthwormsi
population in arable soil.

Citrus orchard soil has the lowest earthwormsi population; this was due to the fact that citrus soil has the lowest
exchangeable Ca. Earthworms were rarely found in the soil with low exchangeable Ca and has low pH. Beside the fact
that organic matter quality from citrus leaves residue was low because it contains volatile oil that poisonous to some soil
fauna.

Ants
Statistical analysis showed that crop land
type significantly affected the population of

Table 9. Ants’ population as affected by crop land types and soil depth.

ants in the depth of 0-10 cm, 10-20 cm, and Soil Depth (cm)

20-30 cm, but has no significant effect on No. | Crop Land Type 0-10 | 10-20 | 20-30 | 3074o| Total

the depth of 30-40 cm (Table 9.). Soil depth >/m’

significantly affects antsi population in all 1. | Grassland 54a [28 bed| 31bc | 11e | 124

crop land types. 2. | Citrus Orchard 4l1ab |14 de| 10 e | 4e 69
Grassland has the highest population. 3 | Cereals 35b 135 bl 15de | 7e 88

Ants are soil fauna that have fixed nest in 4. | Vegetables 2ab | 42 ab | 17cde | 6o 103

the soil; therefore soil tillage will destroy
their nest. In the soil that never been tilled
liked grassland the antsi population will be
high. In vegetables soil although often was
tilled, the ants population was high. This may because of most of the ants found here came to this soil only for searching
food, but have nest in other places. Many soil fauna lived in the vegetables soil that maybe the food for the ants.

Note: Number followed with the same letter is not significantly different at 5 % LSD.

Termites
Statistical analysis showed that crop land type
only affected significantly the population of

Table 10. Termite population as affected by crop land types and soil depth.

Soil Depth (cm)

termites in the depth of 10-20 cm and has no No. | Cron Land Type 5o T 20 T30 50 3030 T Tom
significant effect on other depth (Table 10.). ' P P | | , | | o
Soil depth significantly affects termitesi X/m

population in citrus orchard, grassland and 1. | Grassland 27cde | 102a |35bede| 4e 168
cereals soil, but has no effect on vegetables 2. | Citrus Orchard 50 bed Te | 4e 2e 63

soil. The termites population was in the order 3. | Cereals 51be 69 ab|34bede| 12de | 166
grassland>cereals>citrus orchard>vegetables. 4. | Vegetables 32bede| 13de| 9e de 58

Note: Number followed with the same letter is not significantly different at 5 % LSD.
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Grassland and cereals soils have high population of termites. Grass and cereals both belong to the Graminae
family. It seems that termites were favorable living in this plant; maybe the supply of organic matter from this kind of
plant suited the need of the termites.

Centipedes

Statistical analysis showed that crop land
type significantly affected the population of
centipedes in the depth of 0-10 cm, 10-20 Table 11. Centipede population as affected by crop land types and soil depth.
cm, and 20-30 cm, but has no significant

effect on the depth of 30-40 cm (Table 11.). Soil Depth (erm)

Soil depth significantly affects centipedesi No. | Crop Land Type o-1 | -2 | 0% | 070 | Totl

population in citrus orchard, grassland and Y/m

vegetables soil, but has no effect on cereals 1. | Grassland ldcd | 12cde | 4fg | 7fg 37

soil. The centipedes population was in the 2. | Citrus Orchard 22b [ 13cde | 10def | 9efg | 54

order vegetables>citrus 3. | Cereals 6 fg 4fg 3g 2g 15

orchard>grassland>cereals. 4. | Vegetables 52a | 19bc | 6fg | 8cfg | 85
The Vegetables soil has the higheSt Note: Number followed with the same letter is not significantly different at 5 % LSD.

centipedesi population. Most centipedes
lives as predator (Richards, 1978), therefore
soil which has higher diversity most likely has higher centipedesi population, because they have more variety on their

prey.

Beetles
Statistical analysis showed that crop land type only affected significantly the population of beetles in the depth of 0-10
cm and has no significant effect on other depth (Table 12.). Soil depth significantly affects beetlesi population in citrus
orchard, grassland and vegetables soil, but has no effect on cereals soil. The beetles population was in the order citrus
orchard> grassland> vegetables> cereals.

Citrus orchard has the highest beetlesi population as compared with others crop land types. Beetles larvae prefer
to live in a place rich with organic matter, meanwhile citrus orchard has high soil organic matter content (5.34 %).
Although citrus plant residues were not liked
by other soil fauna, it seems that beetles
larvae were not affected by the low quality
of citrus plant residues.

Table 12. Beetle population as affected by crop land types and soil depth.

Most beetles live in the surface layer Soil Depth (cm)
of the soil. Any disturbance in this layer will No. | Crop Land Type 0-10 | 10-20 | 20-30 | 30-40 | Total
affect the beetlesi population. This is the >/m’
ground that cereals and vegetables soils have T | Grassland 72 1 3bc 0c 0o 20
lower beetlesi population, meanwhile citrus 2 | Citrus Orchard 21a | 3be 1 be | be 2%
orcharq and grassland have higher beet'les 3| Cereals 3be | 3be | 3be | 1be 1
popula}tlon. In cereal§ and Vegetabl.es 501'15, 4. | Vegetables gb abe | 2ve | 1he 5
the soils were often tilled and applied with

.. . . . . Note: Number followed with the same letter is not significantly different at 5 % LSD.
pesticide; therefore this practice will disturb

their habitat. The soil that was seldom tilled
liked citrus orchard and grassland have greater beetlesi population.

Beetles play important role in tearing and mixing organic matter in the soil. Because beetles larvae prefer to live
in a place rich with organic matter, they can be used as fertility indicator for soil fertility. Organic matter that has been
destroyed through beetle larvae activity will be utilized by soil micro flora and will be decomposed to produce humus
substances that are very important for soil fertility.

CONCLUSION

*  Crop land types affected population and biodiversity of soil macro fauna. The population of soil macro fauna
was grassland>cereals>vegetables>citrus orchard. The biodiversity of soil macro fauna citrus orchard>
vegetables>grass=cereals.

*  Soil depth influenced the population and biodiversity of soil macro fauna, with soil surface (0 - 10 cm) has the
greater population and biodiversity

*  The population of earthworm, centipede and beetle were affected by soil management (soil tillage, fertilizer,
liming and pesticide)

¢ Some soil macro fauna live only in the soil surface
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ABSTRACT

For restoration of degraded peat swamp forest, the silvicultural techniques using mycorrhizal fungi are necessary.
Mycorrhizal symbiotic relationships play many important roles to growth and survive of trees. The objective of
this research is to observe the ectomycorrhizal status of typical peat swamp forest tree species in central kalimantan.
Sixteen tree species were collected in the peat swamp area of Palangkaraya city, and examined about microscopic
characteristics of their roots. Abundant ectomycorrhizal colonizations were observed in Shorea balangeran, S.
teysmanniana (Dipterocarpaceae) and particially colonization were in several species of Myrtaceae. The other
species Eighteen species of ectomycorrhizal fungi were collected from the forest floor. Most common species were
Scleroderma spp.

Key words: ectomycorrhiza, Shorea balangeran, Shorea teysmanniana, arbuscular mycorrhiza, Scleroderma

INTRODUCTION

Peat swamp forest in Central Kalimantan was highly disturbed and destroyed by the development of farmland, illegal
logging and wild fire. Such a damaged forest site dose not recover easily, because the damage has an influence to soil
condition.

Mycorrhizal association plays an important role for survival and growth of trees. Most of tree species have some

symbiotic relationships with mycorrhizal fungi and receive some supports in nutrition uptake and tolerance for
environmental factors (Harley & Smith, 1983).
The wild fire on the peat land seems to cause an enormous damage into the native microbial symbiotic system. For the
reforestation planting of such a damaged site, utilization of mycorrhizal fungi must be essential to produce vigorous
seedlings for plantation. To establish an appropriate nursing method, the purpose of this research was to clarify the
ectomycorrhizal status of native and typical peat swamp forest tree species in Central Kalimantan.

MATERIALS AND METHODS

Three plots were set in the peat swamp forests (Kalanpangan, Setialam, Tangirin) of Palangka Raya, Central Kalimantan,
where tree seedlings were collected in September 2000. At least three replication of sampling were performed for each
tree species. Their scientific names were identified in R&D Center for Forest and Nature Conservation, Bogor. Each root
samples were separated into two parts and the half part was used for vesicular-arbuscular mycorrhizal investigation
(Tawaraya et al 2003). After washing of root samples, they were fixed and stored in FAA fixative (5% Formalin, 5%
Acetic acid, 45% Ethyl alcohol) until the microscopic observation. KOH clearing and typanblue staining were used for
observation of inner structure of mycorrhiza according to need.

Fruit-bodies were collected from the same plots during rainy season of 2001 (November - March). After observation
of macroscopic features, samples were dried in oven and stored. Fungal isolation from fresh fruit-body tissue or spore
was tried for some species. Fungal genus and species were identified according to Corner (1972, 1994), Singer (1987),
Pegler (1997) and Miller & Miller (1988).

RESULTS AND DISCUSSION
Sixteen tree species were collected according to local name and identified as in Table 1(Soerianegara and Lemments,
1996). They are typical species in the peat swamp forest of Palangka Raya, and have economically importance for local
people. All of sampled seedlings were ranged in height of 30 - 60 cm and stem diameter of 5 - 10 mm, but age was
unknown. Root depth reached to 30 - 50 cm in peat soil layer.

Two Dipterocarpaseae species (Shorea balangeran and Shorea teysmanniana) appeared to form abundant
ectomycorrhizas with short, pinnate branched root chips and abundant external hyphae (Figure 1, Table 2). Three Syzygium
spp. appeared partially to form unbranched, fine ectomycorrhizas with brownish fungal sheath. They may also have
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coexistent vesicular-arbuscular mycorrhizas
in the same root systems. For Combretocarpus ~ Table 1. Collected natural tree seedling samples from peat swamp forest in Palangka Raya.
rotundatus and Tristaniopsis whiteana,

) . No. Family Latin name Local name Useage
mycorrhizal formation was seldom observed , , - -
; . . . 1 Anacardiaceae  Campnosperma auriculatum — Terentang timber, seed oil
w%th undefined features. .Furthe.r 1nvest1ga‘F10n 5 Mangierasp Aemasem consimction sood for ocal e
WIH be necessary to Clarlfy thelr mycorrhlzal 3 Anisophylleaceac  Combretocarpus rotundatus Tumih heavy construction wood for local use
status. The other tree species did not form any 4 Clusiaceae Calophyllum soulattri Bintangor (sp1) construction wood, latex, medicine, fiuits
types of ectomycorrhizas. They seemed to 5 Calophyllum sp. Bintangor (sp2) construction wood, hatex, medicine, fruits
form and depend on vesicular-arbuscular 6 Dipterocarp Shorea i Meranti rawa timber
mycorrhizas (Tawaraya et al, 2003). 7 Shorea bal Bal timber, walling, resin
Eighteen species of fruit-bodies were §  Fbenaceac Diospyros maingayi Buring pahe interior wood
found on the floor of peat swamp forest, which ~ ° ‘peicaccae - Cratoghumarborescens — Gerunggang fimber
. . 10 Miyrtace: Syzygir (1 Jambu-jambr 1 structi d for local use, fruits
seemed to be ectomycorrhizal fungi (Table 3). b i sp () mbuambuan (5p1). consiction woodforlocaluse,
. 11 Syzygium sp.(2) Jambu-jambuan (sp2) construction wood for local use, fiuits
Most common species was Screloderma sp., , ! _
. . . 12 Syzygiumsp.(3) Ehang construction wood for local use, fiuits
which were observed on dried soil surface. N istamionsis i .
X istaniopsis whiteana Pelawan heavy construction wood
Three fungal species (Screloderma Sp-, 14 Sapotaceae Palaquium gutta Hangkang interior wood, latex
Russula Spl and Boletus Spl) have a hyphal 15 Tetrameristaceae  Tetramerista glabra Punuk interior wood, fruits
connection with Shorea balangeran, seemed 16 Thymel Gonystylus b Ramin light constraction wood. incense.

to make ectomycorrhizal associations.
Scleroderma citrinum formed
ectomycorrhizas with Acasia mangium, and the features were described in detail by Cha et al (2003). Only one isolate

Table 2. Ectomycorrhizal status of collected tree samples from peat swamp forest in Palangka Raya.

No. Latin name Characteristics of ECM colonized roots Abundance (VAM colonization*)
1 Campnosperma auriculatum None - +
2 Mangifera sp. None -

3 Combretocarpus rotundatus  Unbranched , visible external hyphae, light brown fungal sheath -
4 Calophyltum soulattri None - -
5 Calophyllum sp. None

6 Shorea teysmanniana Pinnate branched, abundant extemal hyphae, light to dark brown +H+

7 Shorea balangeran Pinnate branched, abundant external hyphae, light to dark brown, reddish yellow +H+

8  Diospyros maingayi None - +H+
9 Cratoxylum arborescens None - -
10 Syzygiumsp.(1) Unbranched, no external hyphae, dark brown +

11 Syzygiumsp.(2) Unbranched, visible extemal hyphae, brown +

12 Syzygiumsp.(3) Unbranched, visible extemnal hyphae, dark brown + +
13 Tristaniopsis whiteana Pinnate branched, visible external hyphae, light brown -
14 Palaquium gutta None - +
15 Tetramerista glabra None - +
16  Gonystylus bancanus None - -

* Based on observation by Tawaraya et al (2003) with the same samples of this report.

Figure 1. Ectomycorrhizas formed
abundantly on the root of Shorea
balangeran.
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was obtained from the fruit-body tissue of S.

Table 3. Ectomycorrhizal fungi collected from the peat swamp forest of Palangka Raya. citrinum, and maintained on the Ohta agar
medium (Ohta, 1990). Calostoma fuscum

o Fungus name Frutbody fatures Hostspecies forms a unique type of ectomycorrhiza, which
! Selerodermaciirimm - gasteroid,yellowish brown, no stipe Acastamangim has a gelatinous outer layer over the fungal
2 Sclerodermasp. gasteroid, grayish brown, leathery peridium, no stipe Shorea balangelan S h e ath (F igure 2 ) Itm ay b e an adapt e d
3 Laccariafraterna light brown, adnate and distant gills, brownish distorted stipe ~ Dryobalanops sp. Lo
4 Laccariasp. lightpink.achate and lamelle il reddish brown spe o structure for wetland condition. The host tree
5 Russulasp.l reddish brown, fiee and lamellac gills, reddish brownstipe ~ Shorea balangelan species could not be identified.

6 Russulasp2 reddish brown, free and lamellae gills, white stipe unknown To Clarify ectomycorrhizal properties Of
7 Russulasp3 light brown, free and lamellae gills, sphaerocyst distinct unknown these fungi, inoculation test for Shorea
8 Russulaspd white, fiec and lamellac gills, sphacrocyst distinct unknown species using several fungal species
9 Boletussp.1 reddish brown, yellow flesh cyanescent on exposure Shorea balangelan ( Screloderma s prp-, Boletus s p- 1 )

10 Boletus sp.2 reddish brown, yellow flesh cyanescent on exposure unknown Storobilomyces Spl and Calvatia Sp) are
11 Strobilomyces sp.1 dark gray, grayish white flesh nigrescent on exposure unknown exe cutin g in nursery.

12 Strobilomyces sp.2 dark gray, grayish white flesh slowly nigrescent on exposure  unknown
13 Rhizopogon sp. puffball, white, no stipe unknown
14 Geastrumsp. carthstar, grayish brown, unknown
15 Amanita sp.1 light brown, viscid cap, volva unknown
16 Amanita sp.2 grayish brown, viscid cap, annules, volva unknown
17 Calvatiasp. gasteroid, yellowish brown, no stipe Acasia mangium
18 Calostoma fuscum gasteroid, grayish white, gelatinous stipe and outer layer unknown

Figure 2. An ectomycorrhiza forming
gelatinous outer layer over the fungal
sheath.
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ABSTRACT

Rhizoplane microorganisms of Melastoma sp., distributing throughout acid sulfate soil and peat soil in southern
Kalimantan, were investigated, using soft gel media of N-free WinogradskyAfs mixture solidified with 0.3 %
gellan gum. Two bacteria, Sphingomonas rosa and Burkholderia cepacia belonging to subclass of a- and b-
Proteobacteria, respectively, emerged in the nitrogen-free medium. Inoculation of Sphingomonas rosa in the
Melastoma sp. seedlings grown in N-free, 1/4 Hoagland’s No. 2 medium (pH 3.0) resulted in better growth of the
seedlings

Key words: Melastoma sp., rhizoplane bacterium, Sphingomonas rosa, Burkholderia cepacia, acid-sulfate soil.

INTRODUCTION

Many species of genus Melastoma, such as M. malabathricum L., are known to be Al-accumulators (Watanabe et al.,
1998a), and adaptability of Melastoma spp. to acid-sulfate soil of very low pH is mainly due to this property. The
Melastoma sp., distributing throughout Central and South Kalimantans, Indonesia, is a powerful pioneer shrub tree that
is able to spread throughout the acid-sulfate soil regions. Since acid-sulfate soil with very low pH (2.5-3.5) has undergone
strong leaching, such acid-tolerable plant must employ certain strategy to get nutrient, including N and P. Melastoma spp.
are also known as ammonia-assimilating plants, preferring NH," rather than NO, for their nitrogen source (Watanabe et
al., 1998b). Bearing in mind these facts, the presence of free-living nitrogen-fixing bacteria on the rhizoplane of the
Melastoma sp. is thought to be beneficial to their survival in acid-sulfate soil, due to releasing ammonia into the rhizosphere.
Not only as a nitrogen source but also as an inorganic base provided via nitrogen-fixation, ammonia is likely a key
material in the adaptation of the Melastoma sp. to acid-sulfate soil.

MATERIALS AND METHODS

General.

Melastoma sp. used for microfloral investigation in the rhizoplane were collected at ridge of a sulfate acid soil paddock
at Serapatbaru in South Kalimantan, ridge of a peat soil field at Kalampangan in Central Kalimantan, respectively. For
plant growth, we used a EYELA LTI 600 SD thermo-controlling incubator equipped with red and blue light emitting
diode (EYELA LED-red/blue, 40/10 per a board of 30 x 30 cm? width) as the illuminant. To a tall-skirted petri dish, 50 ml
vermiculite in the bed volume was poured, and wet with approximately 30 ml of a N-free 1/4 Hoagland’s No. 2 (pH 3.0)
in which molybdenum trioxide (MoO,) was ten-fold enhanced.

Screening and Identification of Rhizoplane Microorganisms

We used a gellan gum-base soft gel medium for observation and evaluation of the microflora of rhizoplane nitrogen-
fixing bacteria as described in our paper (Hashidoko et al., 2002). Some bacteria obtained from the root washings were
purified on a modified Winogradsky’s medium (Winogradsky’s mineral mixture, 0.5% mannitol, 0.005% yeast extract
and 2% agarose). For identification, 16S rDNA sequences was determined and its homology search was done using
DDBJ BLASTN DNA database (http://www.ddbj.nig.ac.jp/E-mail/homology-j.html). Total DNA used for the template
for PCR amplification of the 16S rDNA regions was prepared by a DNA extraction kit, Isoplant II (Wako Pure Chemical
Industries Ltd.). For the DNA amplification, the PCR kit, Gene Tag (Nippon Gene), was used according to its instruction
protocol.

Seedling Preparation and Inoculation Assay
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Seeds sampled at Central Kalimantan were sown in an autoclaved vermiculite bed wet with sterile N-free 1/4 Hoagland’s
No. 2 adjusted pH 3.5, and incubated at 23°C under a 16-h light/8-h dark photoperiod. Bacteria grown on an agar plate of
modified Winogradsky’s medium (containing 0.5% mannitol and 0.005% yeast extract) were scraped with a loop and
suspended in 5 ml sterile water and used as the inocula. The seedlings (S. rosa-inoculated, B. cepacia-inoculated, S. rosa
plus B. cepacia-inoculated and control) were grown under the same condition for 8 weeks to see the effects of the
bacterial inoculation on the growth of the seedlings under the N-deficient condition.

RESULTS AND DISCUSSION
Bacterial isolates and their physiological properties
We initially investigated microorganisms constituting of the rhizoplane microflora, particularly those of nitrogen-fixing
bacteria. We used a soft gel medium for observation and evaluation of the rhizoplane nitrogen-fixing bacteria, of which
method was first developed by a Brazilian microbiologist, Dobereiner and her coworkers at 1980™ (Dobereiner, 1995)
and we replaced 0.2% agarose used as the gel matrix with 0.3% gellan gum. As shown in Fig. 1, gellan gum was highly
transparent, and even thin or highly transparent colonies are visible through the glass tube (Hashidoko ef al., 2002).
Two rhizoplane bacteria were isolated from a specimen of Melastoma sp. grown along a bank of an acid-sulfate
paddock at Serapatbaru, South Kalimantan. Our physiological and 16S rDNA determination led them to identification of
Sphingomonas rosa and Burkholderia cepacia. The former was non-motile and highly aggregative, whilst the latter was
highly motile and produced mucilaginous materials
war around the cells. An unknown Sphingomonas sp. was
also isolated as the major rhizoplane bacterium of
J Melastoma sp. grown on acid-sulfate clay soil in
e —— /'* Paduran, Central Kalimantan. On the contrary, a
—_— specimen of Melastoma sp. grown on a peat land at
v Kalampangan, Central Kalimantan, possessed two
0.2 Burkholderia species, and one was tentatively
/ identified as B. brazilensis.
. All of the rhizoplane bacteria from Melastoma sp.
erp showed Type B-behaviors (Hashidoko et al., 2003).
o (o= Sotn gumiemim | In particular, bacteria isolated from the specimen
,./" e sampled at Paduran, developed in the N-free gellan
A R gum-base soft gel medium in which 1% glucose was
L] 0.5 1 1.5 R .
used as the sole carbon source, turned its medium
Concentration of gel matrix (%) pH to be alkaline regions. This suggested that bacteria
Figure 1. Transparency of gellan gum in comparison with agarose. positively released ammonia in the medium.

Optimal density at 660 nm

Effect of inoculation of rhizoplane bacteria on
growth of Melastoma sp. seedlings under acidic, N-free condition
Screening of the rhizoplane epiphytes from a specimen of Melastoma sp., grown along a ridge of an acid-sulfate paddock
in South Kalimantan, led to isolation of two nitrogen-fixing bacteria of heterotrophs. By some physiological properties
and 16S rDNA determination, the two isolates were identified to be Sphingomonas rosa and Burkholderia cepacia, both
of which are known to be a root-associating bacterium (Takeuchi et al., 1995; Poole et al., 2001). In 0.3% gellan gum
medium, S. rosa and B. cepacia behaved as non-motile with cell-aggregation and highly motile, respectively. Inoculation
test of the isolates for the host seedlings was then carried out. The Melastoma sp. seedlings were prepared as follows:
after 50 ml of the vermiculite beds wetted with N-free 1/4 Hoagland’s No2 medium (50 times-enriched Mo as NaMoO,,
and adjusted to pH 3.0 with 1 mM AICl,) were autoclaved, five seedlings of the Melastoma sp. grown for 4 weeks on
another vermiculite bed wetted with N-free 1/4 Hoagland’s No2 medium (50 times-enriched Mo as NaMoO,, pH 5.5)
were shortly rinsed with 70% ethanol and then washed with sterile water were transplanted. To the seedlings, S. rosa
(approximately 1 x 10% cells), B. cepacia (1 x 108 cells), S. rosa plus B. cepacia (both 1 x 108 cells) and control (sterile
water) were inoculated.

Growth of the test seedlings was observed in each dish. After incubation for 4 weeks at 23°C under a 16-h light/8-h
dark condition, the S. rosa-treated seedlings significantly showed a better growth than control seedlings (Fig. 2). In fact,
the seedlings in the control dish showed a severe stunting, of which symptom is obviously due to nitrogen-deficiency.
Interestingly, neither single-inoculation of B. cepacia nor double-inoculation of S. rosa and B. cepacia showed any
positive effect on the seedling growth. This meant that nitrogen-fixation is affected by combination of the bacterial
species composing rhizoplane microflora.

The survival frequency of the inocula was respectively investigated. As shown in Table 1, both S. rosa and B.
cepacia survived around the rhizosphere/rhizoplane; however, their effects on the growth of the seedlings were
distinguishable. Interestingly, growth stimulation with inoculation of S. rosa was completely inhibited in the double
inoculation of both S. rosa and B. cepacia. At Paduran, farmers grew improved rice IR 66, but its harvest was almost
nothing for 4 years. Very stunting paddy rice there possessed Burkholderia sp. on the rhizoplane but none of Sphingomonas.
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Figure 2. Growth stimulating effect of Sphogomonas rosa R-1 strain after inoculation to
Melastoma seedlings grown on N-free medium/vermiculite bed.

This result and our experiment using Melastoma sp. seedlings described here suggested different ecological positions of
these bacterial species in the rhizoplane microflora.

When the seedlings grown in vermiculite bed wetted with P-free 1/4 Hoaglandis No. 2 (pH 5.5) and AIPO, powders
previously washed with pure water to remove soluble phosphates, only the B. cepacia-inoculating dish in the rhizoplane
showed a better growth for the seedlings. This indicates a capability of B. cepacia to solubilize aluminum phosphate
powders in acidic soil.

CONCLUSION
Thus, our preliminary experiments
showed that sulfate acid-tolerable

TREATMENT Rhizoplane  Effectiveness |
microflora Aerial | Root

S. rosa inoculated (10° cells) Survived e Melastoma sp. possesses functional
rhizoplane microflora on its

B. cepacia moculated (10° cclls) Survived - + rhizoplane to manage with nutrient
S. rosa+ B. cepacia inoculated deficiency under the strongly acidic

(16 cells + 10° cells) Both survived | — + conditions. The rhizoplane
- microorganisms, affording to displa

Control (sterilized water) None* T . & o . & play

their capability on the rhizoplane, may

change micro-scale of rhizospheric
Table 1. Survival and Effectiveness of the Inoculates around the Roots of Melastoma conditions, and host plant make
Seedlings Grown in N-free 1/4 Hoagland No2 Medium.

. . . . . . benefits from them. As known in
* None grew in N-free Winogradsky’s media, but certain fungus and saprophytic bacterium were fl . h 1 | . 1
apparent in potato-dextrose agar. avonoids that play arole as signa

compounds for rhizobia-symbiosis in

leguminous plants, some non-
leguminous plants have a strategy in regulating their rhizoplane microorganisms to deliver their maximal capacity by
root exudates (Strong & Phillips, 2001). Also in the Melastoma sp., phenolic components in the root exudates of the
Melastoma sp. stimulated the growth and/or cell aggregation of S. rosa in the gellan gum medium. Such a chemical signal
secreted from the rhizoplane is likely to be involved in cross talk signals among the microorganisms that formed rhizoplane
bio-complex to maintain micro-scale of rhizospheric environment.
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ABSTRACT

Mangrove ecosystem covers only 15 million hectares and is distributed in the tropical and subtropical areas.
Almost one third of the worldis mangrove areas is found in Indonesia. There is at present very little information
on microbial diversity of mangrove ecosystem, and particularly none on microbial mangrove diversity of Indonesia.
UICC has conducted an exploration of yeasts from mangrove forests of Muara Angke, Jakarta, on August 2001.
Seventeen strains of yeasts and yeastlike-fungi were isolated from several samples of gastropods identified as Pila
scutata Mousson. The isolates were screened for lipase activity. A modified version of the method from Kouker &
Jaeger (1987) was employed using agar plates with Yeast Nitrogen Base (YNB) as a basal medium, olive oil as a
substrate, and rhodamine B as an indicator. Lipase activity was determined by the formation of fluorescence
zones during a 72 hour incubation period. Two isolates, M 227 and M 228, showed higher lipase activity than the
positive control Yarrowia lipolytica (UICC Y-16). To identify these isolates, we determined the partial sequence of
the Large Sub Unit ribosomal RNA genes from M 227 and M 228. The results from homology search by BLAST
using sequences of both isolates as query sequences hit the Discosphaerina fagi for M 227 and Aureobasidium
pullulans for M 228, respectively. The phylogenetic position of both isolates within the ascomycetes lineage will be
discussed.

INTRODUCTION

Mangrove ecosystem covers only 15 million hectares and is distributed in the tropical and subtropical areas. Almost one
third of the worldis mangrove areas is found in Indonesia. There is at present very little information on microbial diversity
of mangrove ecosystem, and particularly none on microbial mangrove diversity of Indonesia.

On August 2001 University of Indonesia Culture Collection (UICC) has conducted an exploration of yeasts
from mangrove forests of Muara Angke, Jakarta. Seventeen strains of yeasts and yeastlike-fungi were isolated from
several samples of gastropods identified as Pila scutata Mousson. Up till now there is very little information, or none at
all, on the potentials of yeasts isolated from gastropods in producing lipase.

The gastropod, Pila scutata, in Indonesia known as keong gondang undak, lives in freshwater environment
(Djajasasmita, 1999). They are generally found in the lakes, marshes, and slow-current rivers. In Indonesia they can be
found in the islands of Sumatra, Java, Kalimantan, Sulawesi, Bali, Lombok and Sumbawa. These gastropods eat litters
found on the ground, especially those which have been degraded partly by microorganisms.

Lipase enzyme (triacylglycerol acylhydrolase: EC: 3.1.1.3) hydrolyzes lipid (triglycerides) at water and lipid
interface (water-lipid interface). As final products of hydrolysis of lipid by lipase are glycerol and fatty acids (Rapp &
Backhaus, 1992; Jarvis & Thiele, 1997).

Kouker and Jaeger (1987) have developed a method for screening of lipase activity from the bacteria using agar
plates with olive oil as a substrate and rhodamine B as an indicator. Hydrolysis of lipid by lipase will form orange
fluorescent zones around the colonies when the agar plates are exposed under the ultraviolet light at 350 nanometer. A
similar method with little modification has been used by Hou & Johnston (1992) to detect lipase activity from the
bacteria, yeasts and moulds, and Jarvis & Thiele (1997) to detect lipase activity from anaerobic bacteria.

The formation of orange fluorescent zones around the colonies is due to the hydrolysis of olive oil and formation
of the fatty acids-rhodamine B conjugate. The orange fluorescent zones will not be observed if the rhodamine B forms a
complex with glycerol (Jarvis & Thiele, 1997).

Investigation were carried out by UICC on seventeen yeast isolates from gastropods of Muara Angke on their
ability to hydrolyze lipid. The isolates were tested for their lipase activity using a modified method of an agar plate
rhodamine B fluorescence assay from Kouker & Jaeger (1987).

The yeast isolates were grouped into taxonomic classes based on urease activity. Identification of those isolates
capable of hydrolizing lipid were carried out by determination of the partial sequence of the Large Sub Unit ribosomal
RNA genes. Homology search by BLAST using sequences of those isolates was carried out and the phylogenetic position
within the yeast lineage will be discussed.

MATERIALS AND METHODS
Microorganisms
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From fourteen samples of gastropods identified as Pila scutata Mousson, 17 yeast isolates were obtained. The yeast
isolates were investigated for their lipase activity. Yarrowia lipolytica UICC Y-16 was used as a positive control, and
Saccharomyces cerevisiae var. ellipsoideus UICC Y-17 was used as a negative control.

Media

Yeast Malt Agar (YMA) plus 1.5 % NaCl was used for isolating single colonies; Potato Dextrose Agar (PDA) plus 1.5%
NaCl was used for maintaining yeast isolates; Yeast Nitrogen Base Agar (YNB-A) added with 1.5% NacCl, olive oil and
rhodamine B was used for screening of lipase activity; Christensenis Urea Agar (CUA) plus 2% urea was used for
determination of taxonomic classes based on the urease activity.

Isolation of Yeasts from Gastropods Samples

The gastropods samples were washed under running tap water until they were cleaned of mud. The gastropod shells were
crushed using sterile stone mortar. The intestines were taken out and squashed. The squashed intestines were added with
1 ml sterile aqua dest. and streaked directly onto YMA added with 1.5% NaCl and tetracycline. The mixture was diluted
to 10 with sterile aqua dest. and 0.1 ml of it was spread onto YMA added with 1.5% NaCl and tetracycline. The plates
were incubated at room temperature. Colonies were isolated and purified using streak method onto YMA added with
1.5% NacCl and tetracycline.

Screening for Lipase Activity

Yeast cells in YMA + 1.5 % NacCl slant, 48h, were made into suspension in 5 ml sterile aqua dest. Sterile filter paper
(diam. 8 cm) was saturated with olive oil. Sterile filter paper (diam. 2 cm) saturated with yeast cell suspension was put
onto Yeast Nitrogen base-Agar added with 0.01% rhodamine B in a plate. Amount of 0.025 ml of yeast cell suspension
was put onto a sterile filter paper (diam. 2 cm) and put onto Yeast Nitrogen base-Agar added with 0.01% rhodamine B in
a plate. The plates were incubated at 28°C for 72 h. An orange fluorescent zone was observed under the UV light at
3506365 nanometer.

Index of lipase activity was determined as = Mean of diameter of orange fluorescent zone
Diameter of yeast colony

RESULTS AND DISCUSSION
There were 17 yeast isolates isolated from 14 Pila scutata samples. The yeast colonies were observed and the results are
shown on Table 1.
Observation of the yeast colonies showed that there were 9 cream-coloured isolates, 4 orange-coloured isolates,
2 white-coloured isolates, and 2 black-coloured isolates. All isolates were tested for their abilities to utilize urea in the
urease activity test in order to classify them into the Class Ascomycetes or Basidiomycetes. The results showed that 15
isolates were urease-negative, and they
were assumed as Ascomycetous yeasts.

Table 1. Yeasts and Yeastlike-Fungi Morphology Two isolates. M 227 and M 228 ere
w , , W

No. | Code Colony Observation Budding & Cell Shape urease-positive and were assumed as
(YMA+ 1.5% NaCl; 7d, Room temperature) Basidiomvceto t
Colour Texture Surface Y us yeasts.
Out of 17 isolates, 15 showed no
01 M 221 | orange Filamentous, Filamentous, Multipolar, oval to lipase activity whilst two isolates. M 227
dull wrinkled cylindrical >
02 | M222 |Orange Filamentous, Filamentous, Multipolar, subglobose and M 228, showed orange fluorescent
5o 21}1“ ;V_flinkled ;‘/’IOIV?I 1 1 zones on plates. The index of lipase
rnee oS, | Trareous wltipolar, ova activity is shown in Table 2. The M 227
04 | M224 | Orange Filamentous, Filamentous, Multipolar, subglobose and M 228 are black yeasts. These isolates
dull wrinkled to oval . . P
05 M 225 | Cream Butyrous, dull Flat, smooth Multipolar, oval sho'\yed hlgher llpase aCtIVIty than the
06 | M226 | Cream Butyrous, dull | Flat, smooth Multipolar, oval positive control Yarrowia lipolytica UICC
07 M 227 | Black Butyrous, dull Raised, rough Multipolar, subglobose Y-16 (syn. Saccharomycopsis lipolytica).
to cylindrical
08 M 228 | Pink (young Butyrous, dull, | Raised, rough Multipolar,
colony); black fringed subgolobose to oval
(old colony)
09 M 229 | Yellowish white | Butyrous, dull Flat, smooth Multipolar, subglobose
to oval
10 | M 2210 | Whitish cream | Butyrous, dull | Flat, smooth Multipolar, subglobose
to oval
11 | M 2211 | Cream Butyrous, shiny | Flat, smooth Multipolar, oval to
cylindrical
12 | M 2212 | Whitish cream | Butyrous, dull Flat, smooth Multipolar, oval
13 | M 2213 | Cream Butyrous, shiny | Flat, smooth Multipolar, cylindrical
14 | M 2214 | Cream Butyrous, dull Flat, smooth Multipolar, cylindrical
15 | M 2215 | Cream Butyrous, shiny | Flat, smooth Multipolar, cylindrical
16 | M 2216 | Cream Butyrous, shiny | Flat, smooth Multipolar, subglobose
17 | M 2217 | White Butyrous, dull Flat, smooth Multipolar, oval
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Table 2. Lipase Activity
Note: Lipase activity index of yeast

No. Isolate h;f:::;a(tl:‘;“ q flluorescer;ﬁ ne (;,;2;“ LAL isolates grown on YMA+1.5% NacCl, 2
days, room temperature; filter paper (diam.
01 | M221-M 226, 24 - - - - - 2 cm) was saturated with cell suspension.
M229-M2217 ;g — — For identification of M 227 and M
228, the results from homology search by
24 2 2 2 2 0 BLAST using the partial sequence of the
02 M 227 ‘7‘5 226 225 227 226 003 Large Sub Unit ribosomal RNA genes from
o 22 22 23 223 0115 M 227 and M 228 as query sequences hit
03 M 228 48 2.4 2.4 2.6 2.46 0.23 the Discosphaerina fagi for M 227 and
;‘2‘ 2;7 2;‘9 2~267 2-254 0~§7 Aureobasidium pullulans for M 228,

04 | UICCY-16 48 2 2 2 2 0 respectively.
7 22 215 | 214 | 2.16 0.08 Discosphaerina fagi and
24 - - - - - Aureobasidium pullulans are black yeasts
05 | uvicCY-17 ig and included in the group of Dematiaceous

fungi. They have unicellular cells during
one phase of their life cycle. These black
yeasts are commonly found on plants and litter which are the staple food for some animals, including gastropods. The
gastropods Pila scutata are commonly found in the freshwater environment, but they might have been brought by the
current into the mangrove environment, near the estuary of Muara Angke.

Results of the urease activity test of M 227 and M 228 showed that they were urease-positive. The position of
Discosphaerina fagi and Aureobasidium pullulans in the phylogenetic lineage, however, showed that they are within the
Ascomycetes lineage.

CONCLUSION

Two isolates, M 227 and M 228, showed higher lipase activity than the positive control Yarrowia lipolytica UICC Y-16.
The sequence analysis of M 227 indicates its similarity to Discosphaerina fagi, whilst the sequence analysis of M 228
indicates its similarity to Aureobasidium pullulans. The isolates, M 227 and M 228, were urease-positive. Discosphaerina
fagi and Aureobasidium pullulans, however, are black yeastlike-fungi and are included in the Class Ascomycetes.
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INTRODUCTION

In a lowland area of Central Kalimantan, peat swamp forests develop with up to 10 m deep peat around the both sides of
the rivers. Because peat makes domed topography through the accumulation process, chemistries of peat water change
into ombrotrophic condition with low pH and small amounts of minerals and nutrients. Different from mossy bog in the
temperate and boreal regions, the peat swamp forests have a large biomass and high diversity of trees under waterlogged
conditions.

Besides the peat swamp forest, some wetland forests and wet grasslands are suppressed in species diversity and
biomass of trees. Water table conditions of these communities, which are close to the soil surface, are similar to the peat
swamp forest. The object of the present study is to reveal the factors controlling the tree growth and community types of
tropic wetlands. In particular, strongly anaerobic soils suppressing the growth of trees due to its toxicity may be easily
produced in the high temperature regime of tropical region. Accordingly, to clarify the question, we will compare the
oxidation-reduction conditions, nutrients and other hydrological variables of wetland soil.

STUDY SITES

Two study areas were chosen in Central Kalimantan Province, Indonesia. Lahei area is about 40 km northeast of Palangka
Raya and within the catchment area of Mangkutub River (a catchment of Kapuas River). The topography rolls gently.
Lower parts are covered with wetland forest with various thickness of peat at a surface of soil, whereas higher parts with
dry forest of heath on a mineral quartz sand.

We investigated wetland forests within the P-2 quadrat and around P-3 quadrat, both of which have been settled
by the JSPS-LIPI Program. The soil of P-2 is well-developed peatland, but that of the P-3 is the mineral quartz material
with a thin peat on it.

Setia Alam Jaya area is located in the upper part of the Sebangau River, about 20 km southwest of Palangka Raya.
Sebangau River is relatively short compared to the other rivers in Central Kalimantan. We examined a grassland in
floodplain of the river and a riparian forest next to the grassland.

4 types of communities can be identified. Two forest types are observed from wetlands in Lahei.

1) Mixed swamp forest: A tall forest with 30 m of maximum canopy height is growing in P-2. The forest community
consisted of 73 species and was dominated by Shorea balangeran, Buchanania sessifolia and Semecarpus sp. (Suzuki et
al. 1998). The peat which accumulates up to 7.5 m contains several clayey layers and carbonized layers (Haraguchi ef al.
2000), indicating occurrences of river floodings and forest fires. Accordingly the water chemistry is estimated not to
ombrotrophic but to weakly minerotrophic. There are many hummocks made by tree roots and their debris, on which
trees are standing.

2) Freshwater mangrove. An open woodland community in P-3 consists of 16 species, dominated by Cratoxylum
glaucum and Combretocarpus rotundatus (Suzuki et al. 1998). The maximum tree DBH of Combretocarpus is 26.2 cm.
The canopy height is less than 19.7 m. In and around the woodland, there are many treeless areas, which were temporally
submerged with shallow water. Many shoots of Sphagnum junghuhnianum are growing in such a submerged condition.
Soft lateral roots of Combretocarpus and 30 to 40 cm tall vertical pneumatophores of Dactylocladus stenostachys are
also abundant in the treeless area, showing a similar landscape to that of mangroves in seashore. The surface layer of the
soil is a ca. 20 cm thick peat, and the second layer is a 20 cm thick quartz sand, which is underlain by a hard layer of
solidified quartz particles. Many tree roots run horizontally in the bottom of the peat layer.

3) Riparian grassland: A 1.5 m tall grassland of Thorachostachyum bancanum occupies coasts of Sebangau River.
Low bushes of 1 to 2 m tall Ploiarium altenifolium are occurred frequently. Peat depth is 0.5 to 2 m.

4) Riparian forest: This forest is located close to the river adjacent to the grassland. Crown is 21 m of Xylopia sp.
in maximum height and is composed of Combertocarpus rotundatus, Tristaniposis obovata, Parastemon spicata and
Cratoxylon arborescens, Xylopia sp. Peat depth is 1 to 2 m.

METHODS

We examined the hydrochemical conditions of each of the community. In the mixed swamp forest, a 30 m long line was
set at two plots in early January 2000 and that of 15 m at two plots in early January 2001. We set a 30 m long line at three
plots and al6 m long line at one plot within the early January either 2000 or 2001. Each line ran through the treeless area
to the open woodland. Sampling points were set at 2 m intervals along all the lines. In Setia Alam Jaya, a 50 m long line
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with sampling points at 5 m intervals ran from the grassland to the forest at four plots.
Along each line, ground levels of the sampling points were measured using a construction level and water levels
from ground surface (upward +) were recorded.

Hydrochemical envirnment

After driving a porous cup collector into 20 cm deep part of the soil, we depressurized its interior using a portable
vacuum pump, and collected the peat-pore water in the pipe. We measured pH in situ using a portable pH meter (HM-
12P, TOA, Tokyo), and the rest was stored 50 mL of the sampled water in a polyethylene bottle. In the laboratory of Japan
the samples were filtered through a 0.45-mmmembrane filter, and the nutrient concentrations, NO,, NO,", PO,*, SO >
and NH_*, were then determined (Japan Society for Analytical Chemistry 1994). Concentrations of minerals such as Na,
Ca?, K* and Mg*" were examined by atomic absorption spectroscopy (AA-625-11, Shimadzu, Kyoto).

Measurements of Eh
A potentiometer (TOA Co., Tokyo, Japan) equipped with a platinum electrode and a Ag/AgCl (saturated KCl) reference
electrode was used for Eh readings of the soil. We used a platinum electrode and reference electrode for the measurements
of soil Eh for the investigation of the vertical profile of the Eh. The platinum electrode was polished and rinsed with nitric
acid before measurements. Data of Eh were presented as the potential relative to reference electrode. Hence the reference
potential was added to the values measured by the potentiometer.

In order to obtain vertical profile of Soil Eh at each sampling point, we vertically inserted the electrode to 10 (5) cm to
40 (50) cm deep surface soil at intervals of 10 cm. When the electrode could insert it only on the way, measurement was
stopped in that depth.

Statistical analysis

To detect differences in hydrochemical environments among communities, we used a multivariate technique, canonical
discriminant analysis (CDA). CDA is usually used to discriminate between more than three groups with multivariate
factors; it finds linear combinations of discriminating variables, which maximize the difference between groups, and
allows for interaction between factors. In running CDA, we progressively eliminated ineffective factors (stepwise forward
method: F-in >3.0, P < 0.01). All statistical analyses were run using STATISTICA 5.1 for Windows (StatSoft 1997).

RESULTS

Hydrochemical variables

Among nutrients and minerals, the concentrations of NO3-, NH,*
and 1\/[g2+ were highest in the riparian forest (Table 1). The  Table I. Standardized coefficients of environmental
concentration of PO, was higher in the freshwater mangrove and  variables in each canonical discriminant function (n = 82).
the mixed swamp forest than in the riparian communities, and
those of Na*and Ca?" in the mixed swamp forest were lower than

Canonical function
Axis 1 Axis 2 Axis 3

others. Eh 10cm deep -0.224 0.992 0.144
Acidity showed around pH 4.0 throughout the study plots,  En lowest position 0.290 -0.449 0.656
and was higher in the mixed swamp forest and riparian forest than  pH 0.755 -0.087 0.550
in the freshwater mangrove and riparian grassland. A shallow Eh ~ Na” -1420  -0.150 0.602
(10 cm deep) showed the significant differences among SO+ 0.933 0.418 -0.295
.. . . . 2+

communities. The Shallow Eh was lowest in the riparian grassland =~ € -0.758 0022 -0.538
and became higher in the order of the mixed swamp forest, ™M¢ 0.665 0.235 -0.206
. . Water level 0.376 -0.124 -0.590

freshwater mangrove and riparian forest. On the other hand, a :
deep Eh (the deepest position) was lowest in the fresh water Eigenvalue 6.01 192 088
p pest p Contribution (%) 68.2 218 10.0

mangrove, but highest in the mixed swamp forest. The water levels
became higher from the riparian forest through the riparian
grassland and fresh water mangrove to the mixed swamp forest. The concentrations of CI, NO_, SO,* and K™ did not
differ among the communities.

CDA ordination
Eight variables (shallow Eh, deep Eh, pH, water level, and concentrations of Na*, SO >, Ca®*, Mg*") were employed in
the CDA, which revealed three canonical functions that discriminated significantly between habitats of the four communities
(P < 0.05 by chi-square test) and, in total, explained more than 99% of the differences (Table 2). The first canonical
function, which contributed almost 70% to the difference, had the largest standardized coefficient for Na* (negative)
followed by SO * (positive), Ca*'(negative) and pH (positive). This axis segregated the mixed swamp forest from the
others (Fig. 1).

Shallow Eh only had a large positive coefficient in the second canonical function (larger than 20% contribution),
and scores decreased from the riparian forest, through the fresh water mangrove to the riparian grassland. The third
canonical function explained only 10% of the difference, and reflected heterogeneity of habitats from the freshwater
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Table 2. Mean+ S.D. of environmental variables in each vegetation type. Results of ANOVA are shown as F-values and p-values. In each line, the different
superscripts mean significant differences (p< 0.05, Scheffe's multiple-comparison test).

Riparian communities

Freshwater mangrove Mixed swamp Forest Forest Grassland F -value P -value
CI'(mg/L) 1.230 + 1.022 0.799 + 0.818 1.559 + 0.803 1.012 + 0.642 1.95 0.13
NO2 (mg/L) 0.000 + 0.002 0.000 + 0.000 0.001 + 0.002 0.001 + 0.002 0.83 0.48
NO3 (mg/L) 0.002 + 0.004 b 0.006 + 0.009 b 0.134 + 0323 a 0.021 + 0.021 ab 4.00 0.01
PO4* (mg/L) 0.127 + 0.149 a 0.182 + 0.129 a 0.000 + 0.000 b 0.003 + 0.007 b 9.74 <0.01
S04 (mg/L) 0.121 + 0.114 0.115 + 0.061 0.069 + 0.064 0.065 + 0.070 2.05 0.11
Na' (mg/L) 0.559 + 0230 a 0.231 + 0.077 b 0.630 + 0.115 a 0.692 + 0.132 a 25.67 <0.01
K" (mg/L) 1.429 + 1.291 0.843 + 1.037 1.895 + 0.806 1.301 + 0.606 2.39 0.08
Mg™ (mg/L) 0.053 + 0.043 ab 0.035 + 0.011 b 0.080 + 0.049 a 0.039 + 0.015 b 431 0.01
Ca* (mg/L) 0.276 + 0.187 a 0.092 + 0.048 b 0302 + 0249 a 0.286 + 0.230 a 5.50 <0.01
(n=36) (n=20) (n=10) (n=16)
NH4" (mg/L) 0.262 + 0.184 ab 0.265 + 0.143 ab 0371 + 0247 a 0.140 + 0.130 b 3.73 0.02
(n=12) (n=12) (n=10) (n=16)
pH 398 £ 013 b 436 + 030 a 431 £ 033 a 406 £ 027 b 23.78 <0.01
Eh 10cm deep (mV) 489.7 £ 946 b 382.7 + 1155 ¢ 6059 + 1134 a 2231 + 1184 d 45.78 <0.01
Eh lowest position (mV) 145.7 + 184.0 ¢ 3249 + 1325 a 302.0 + 120.7 ab 198.7 + 68.6  bc 13.65 <0.01
Water level (cm) 48 + 99 b 109 + 102 a 9.7 + 5.1 c 09 + 238 b 21.34 <0.01
(n=57) (n=46) (n=15) (n=19)
(A) (B)
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Figure 1. Arrangement of canonical scores for Axis 1-Axis 2 (A) and Axis 1 - Axis 3 (B) by CDA.
Open squares: peat swamp forest (n=20), solid circles: riparian forest (n=10), open circles: ripar-
ian grassland (n=16) and open triangles: freswater mangrove (n=36).

mangrove to the riparian forest with ascending scores. The function was positively related to deep Eh and Na* concentration.
Habitats of the other communities were arranged around 0 point of the score.

As expressed in the first function, the most strongly discriminating factor between habitats was the low
concentrations of minerals such as Na" and Ca** and the high SO,* concentration in the mixed swamp forest. On the other
hand, the most strongly discriminating factor between habitats of the other communities was soil Eh.

Profile of Eh values in surface soil

The Eh in the mixed swamp forest changed little from the surface to the depth of 50 cm and the value were within the
range of 300 to 400 mV (Fig. 2). Eh in the fresh water mangrove decreases with the increasing depth from the soil
surface. Eh in the shallow soil (10 cm deep) was slightly less than 500 mV, whereas it decreased strongly to 150 mV in
the deep soil (the deepest part). Between riparian communities, the shallow soil of the grassland was reductive (ca. 200
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Figure 2. Vertical change of soil Eh.

mV) but that of the forest was oxidative (600 mV). The difference of Eh between both decreased according to the
increasing depth, and became insignificant in the deep soil (200 to 300 mV).

DISCUSSION

The present study deals with three forests and a grassland. Among the four communities, the riparian grassland, riparian
forest and mixed swamp forest correspond well to isedge swamp”, iriverine forest” and “mixed swamp forest” classified
by Page et al. (1999), respectively.

The submerged peat in the mixed swamp forest is not so reductive. The chemistry of peat-pore water shows the
low concentrations of Ca*"* Na*and Mg?*, which indicate weakly minerotrophic or ombrotrophic water conditions. A
high concentration of SO,* may be also due to acid rains, in which much SO,* (0.544 mg/L) was contained. Low mineral
concentrations suppress the soil reduction by anaerobes, and trees can grow bigger free from the stresses of anaerobic
conditions of soil.

The freshwater mangrove shows almost the same physiognomy and species composition as “very low canopy
forest” in central Kalimantan (Page et al. 1999), which, in Sarawak of Borneo (Malaysian Kalimantan), is called
Combertocarpus- Dactylocladus association by Anderson (1983). The very low canopy forests are growing around the
peak of highly developed peat domes, where the thickness of peat exceed 10 m, whereas the freshwater mangrove
inhabits in a shallow depression with only a 20 cm thick peat. Since tree roots in the freshwater mangrove are limited in
the thin peat layer, insufficient thickness of rooting zone can be one of the causes of the tree restriction. However, the fact
that similar communities are growing in highly developed peatland implies that thin rooting zone is not the limiting
factor for trees in the freshwater mangrove. The present study suggested the anaerobic conditions of soils in the fresh
water mangrove restrict the tree growth. Minerals leaching out of underlying sand or hard layer may activate anaerobes
to produce anaerobic conditions in the deep part of soil. It is also provable to think that trees in the very low canopy forest
are also restricted their growth by anaerobic soils, because, at a surface peat around the peak of peat dome, minerals and
nutrients are supplied from decomposing peat through mineralization processes (Page 1999).

The riparian communities would receive minerals and nutrients by inflows of flooding water from the river. It
results in reduction of shallow parts of submerged peat, whereas shallow parts of emerged peat are in oxidative conditions
owing to the air oxidation. Accordingly, the difference of water level determines the community types, and trees can
grow only under oxidative conditions of the forest soil.

The oxidation-reduction conditions of tropical peats are important for determining the establishment of community
types, and especially for the distribution of tree species and forest structures in the condition of submerged soil.
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ABSTRACT
Melanotaenia maccullochi is freshwater fish distributed from the mid of south of Papua/New Guinea to Australia.
Attractive color and shape of this species has the economical value as ornamental fish that caused the exploitation
of the species so intensified. Some problems in rearing of this fish are low survival rate, growth rate, and male
percentage. The other problem is a genetic information (such as chromosome) of this fish is so poor. The aim of the
research is to explain the chromosome diversity of the fish. The information is needed for genetic conservation and
aquaculture development.

Cytogenetic study of M.maccullochi was focused on karyotype and to find out the information of chromosome.
The research was conducted at Laboratory of Fish Breeding and Genetics, Faculty of Fisheries and Marine
Science-IPB on June 2000 - May 2001. Chromosome plates were prepared by solid tissue technique (using 150
larvae) and analyzed after staining with Giemza solution. Diploid chromosomes number of M. maccullochi is
(2N=48). Karyotyping of this fish shown that 48 chromosomes consist of 4 pairs subtelosentrik (ST) (no.1, 2, 3, and
21) and 20 pairs telosentric (T). The sex chromosomes have not yet identified.

Key words: chromosome, freshwater ornamental fish, Melanotaenia maccullochi, Karyotype

INTRODUCTION

Melanotaenia maccullochi is one species of the family Melanotaeniidae, ordo Atheriniformes. The fish is a stream and
swamp-dwelling rainbowfish. Distribution northern Australia and southwestern Papua New Guinea wich is very close to
the Irian Jaya borders. It probably occurs on the other side of the border (Allen, 1995). This fish is small, growing about
6-10 cm, schooling fish. The adult male has the greatest body depth, silvery white with yellowish tinge, with 668 narrow
reddish-brown or black stripe on the side, generally more prominent on male. They have beautiful red fins and are often
referred to red-finned Rainbows. Due to the attractive body color and shape it is popular as ornamental fish (fresh water
ornamental fish) and has the economical value. Therefore, the exploitation of this fish has been intensified that is concerned
to destruct its natural population. Some problems in culture of this fish are low survival rate, growth rate, and male
percentage. On the other hand, genetic information such as chromosome of this fish is so poor.

Cytogenetic study or chromosome information is needed to explain the chromosome diversity, closely related
study, and for genetic conservation (Albert, 1989). Information of chromosome and sex chromosome is very important to
aquaculture development such as to produce a monosex fish, ploidisation, and hybridization. Study of karyotype is
generally accepted as a valuable complement to biochemical methods for identification of species, hybrid or more rarely
population, and may be of particular importance in the application of polyploidy and gynogenesis in aquaculture (Chevassus
et al. 1978, in Moynihan & Mahon 1983).

Several study of chromosome of rainbowfish has been reported such as Nurhayati (1997) on Chilaterina campsi,
M. patoti, and M. boesemani, Andriani (2000) on Celebes rainbowfish Telmatherina ladigesi, Said et al. (2001, 2002a,b)
on Glossolepis incisus, M. boesemani and M. praecox. The number of diploid chromosome of these fishes is 46 or 48.

The research was foccused to explain the number and type of chromosome, to make a karyotype and to find out
the sex chromosome of Melanotaenia maccullochi.

MATERIALS AND METHODS
The research was conducted at Laboratory of Fish Breeding and Genetic, Faculty of Fisheries and Marine Science-IPB
on June 2000 - May 2001.

Chromosome plates were prepared by solid tissue technique. The methods are according to Kligerman & Bloom
(1977) and Carman (1992) with slight modification.

Tissue preparation

Larvae 150 individual, 21 days old were collected from Research Center for Limnology-Indonesia Institute of Sciences
(RC for Lymnology-LIPI). The larvae were exposed to colchicine 0.070 - 0.090 % for 7.5 - 9.0 hour and were allowed to
swim in well-aerated to the colchicines solution). Larvae were killed immediately and treated for 90 - 100 minutes with
0.075 M KCI hypotonic solution about 10 times of the tissueis volume. Then the tissue was fixed in two changes (2 x 30
minutes) of Carnoy’s solution (ethanol absolute: acetic acid glacial, 3:1), and it was further processed or stored in a
refrigerator for several weeks.
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Preparat preparation

The tissue (larvae) was removed from fixative and touch-dried on a filter paper to eliminate excess of fixative. It was
placed in well of a hollow slide or a watchmaker’s and 3-5 drops of 50% acetic acid were added immediately. The tissue
was gently minced for about 1 minute by a scalpel to obtain a cell suspension. Using a Pasteur’s pipette tip, an appropriate
amount of the suspension was withdrawn and expelled on a clean slide glass placed on a slide warmer (45-50°C). The
suspension was quickly withdrawn back into the pipette tip leaving a ring of cells approximatelly 1-1.5 cm in diameter on
the slide glass and each slide glass could make 1-3 rings respectively.

Staining
Slide were then stained with Giemza solution (Giemza : Phosphate Buffer Saline pH 6,88, 1:30) for 30660 min. Slide
were rinsed properly with tap- water or distilled water, allowed to dry and observed under a microscope (10x100)

Analysis
Chromosome number analysis was based on the modus of the cells metaphase containing well spread chromosome, and
to describe the type of chromosome based on the centromere position, that was according to Levan et al. (1964).

RESULTS AND DISCUSSION

Direct method on fish larvae has been commonly applied i.e. Carman (1992) on some warm-water fish species, Nurhayati
(1997) on Irian rainbowfish, Said et al. (2001) on G. incisus. Beside that, Said (1998) studying the chromosome of M.
boesemani concluded that the use of larvae gave better preparat than that of some other tissues in growing phase such as
egg and embryo in eye-spot phase. According to Kligerman & Bloom (1977) the advantage of the method are relatively
easy to get metaphase cell in shorter time with cheaper cost. Other advantage is that it is easy to observe the metaphase
cell on the edge of the prepared ring.

The number of chromosome was determined based on the modus of the cells metaphase containing well
spread chromosome. The chromosome number of M. maccullochi is 48 (2N) (Figure 2A). The diploid number of 48 was
confirmed in 55 cell counts from 75 cells total count (Table 1) that is collected from 15 individuals. In this study only 15
larvae have cells with good spread, which were treated in colchicines solution 0.090% exposured during 7.5 hours, and
90 minutes in hypotonic treatment. Carman (1992) has reported that incubation period of warm-water fish larvae is about
3 - 4 hours in 0,07% colchicines. Nurhayati (1997) found that Ch. campsi larvae required 9 hours exposure period in
0,07% colchicines. Said (2001) reported that 30 days old larvae of G. incisus required exposure period of 8 hour in
0,085% colchicines, and 100 minutes hypotonic treatment. Based on these studies it seems that to make the best preparat,
there are some specification in the case of age of larvae, colchicines dosage, incubation period both in the colchicines and
the hypotonic solution. According to Flajshans & Rab (1989) in the larval exposing method, not all larvae construct the
accurate spread of metaphase chromosome. This is because of different individual response toward the effect of colchicines
or may be the colchicines not functioned as the larvae were stressed during the exposure.

Table 1. The number of cells with the number of chromosomes of M. maccullochi
S Chromosome 39 44 45 46 47 48 50 88

= Cells 1 - 1 5 10 55 - 2

Several species of ordo Atheriniformes have diploid chromosome number of 48 such as reported by Arai & Fujiki,
1978 on Atherian elimus; Arai & Koike, 1980 on Basichlichtis bonariensis (Ojima, 1986), Telmatherina ladigesi
(Andriani, 2000); Glossolepis incisus (Said, et

al., 2001); M. boesemani, M. praecox (Said,

et al., 2002a, b). The fishes have 48 diploid

AN AR s ™M chromosome respectively. On the other hand,

4 L) AP AN e ap Scheel, 1972 (Ojima, 1986) has reported that
F“. p A AR the Australian rainbowfish M. maccullochi

[ o v an n aa have 46 diploid chromosome number. The
e € M S ~p ‘* Fa b TR T T differece perhaps caused by technical error in

e ,‘ . . .
¢ "J—"n,h\s" b AN -~ AD the counting of the chromosome, Similarly,

i~ AN AN Nurhayati found that M. boesemani has 46
o diploid chromosome but without a

" . #==#  Lkaryotyping, while Said et al (2002a) found

Spm that M. boesemani has 48 diploid chromosome.
B A i But Ch. campsi and M. patoti have 48 diploid

chromosome number (Nurhayati, 1997). Based

Figure 1. Metaphase Cell (A) and Karyotype (B) of on the data, .therefore the diploid chromosome

M. maccullochi.
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number of Melanotaeniidae (Atheriniformes) trends to 48.

Karyotype of M. maccullochi shown that 48 chromosome (24 pairs), consist of 4 pairs are subtelosentric (ST) (no.
1,2, 3, & 21) and 20 pairs are telosentric (T). The type of chromosome recording to numeric value of centromere position
(NVCP) (Table 2; Figure 1B).

Table 2. Chromosome type of Melanotaenia maccullochi

NO. 1 2 3| 4 5 6 7 8 9 10 1 12
Nvcp 14.28 20.83 18.18 0 0 0 [ 10 0 0 0 521
Type ST ST ST T T T T T T T T T

NO. 13 14 15 16 17 18 19 20 21 22 23 24
NvcP 0 0 0 0 0 0 0 0 136 0 0 0
Type T T T T T T T T ST T T T

Andriani (2000) found that T. ladigesi has 3 pairs submetasentric (SM), 7 pairs sub telocentric (ST) and 14
pairs telocentric T. Several species of family Malanotaeniidae, such as Chilaterina campsi has 2 pairs ST and 21 pairs T
(Nurhayati, 1997), Glossolepis incisus has 7 pairs ST and 17 pairs T (Said, et al., 2001), M. boesemani has 4 pairs ST and
20 pairs T, and M. praecox has 1 pair ST and 23 pairs T (Said, et al., 2002a, b). Based on the data, karyotype of
Melanotaeniidae trends to be dominated by telosentric shape. More detailed appearance of the chromosome shape can be
seen on the composite idiogram of M. maccullochi karyotype (Figure2). In the idiogram could be seen the differences of
the relative length of chromosome and the centomere position of the pairs number respectively.

Unhomologous chromosome
air, which is assumed as sex
b

chromosome, is not appeared on the
constructed karyotype. Therefore, sex
8T chromosome of M. maccullochi has not
yet identified. According to Kligerman &
¢ Bloom (1977) the weakness of the method
4l is the difficulty to identify sex

, chromosome.
0 This study is supposed to give
12345678 9101112131415161718192021222324 adding value in conservation effort and the
chromosome number fish culturing development. Chromosome
Information as baseline data is highly
support to development of production
Figure 2. Composite Idiogram of M. maccullochi Karyotype. technique such as monosex fish
production, ploidization, and

hybridization.

CONCLUSION

Melanotaenia maccullochi has 48 diploid chromosome, with the karyotype that consist of 4 pairs subtelosentric (no. 1, 2,
3, & 21) and 20 other pairs telosentric. The sex chromosomes of the fish have not yet identified.
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ABSTRACT

An initial study on the habitat distribution and diversity of plants as feed resources on mouse deer (Tragulus
Jjavanicus) and barking deer (Muntiacus muntjak) was conducted at Gunung Halimun National Park. Survey was
carried out by visiting places where mouse deer and barking deer are usually seen and taking plant specimen as
those animalsi feed. Habitat of mouse deer in Gunung Kendeng is forest until the height of 1100 m asl. Mouse
deer prefers the dense of bushes, crevices of rocks or hollows of trees, the dense of tea plantation, and the places
with bush dense not far from the river. Habitat of barking deer in Gunung Kendeng is forest until the height of
1100 m asl and in Gunung Botol is forest until the height of 1600 m asl. Barking deer prefers the dense of bushes
on the edges of forest. The result showed 50 species of plants as feed resources for mouse deer and barking deer,
consisting of 22 families.

Key words: habitat, feed plant, Tragulus javanicus, Muntiacus muntjak

INTRODUCTION

Mouse deer (Tragulus javanicus), categorized in family of Tragulidae, and barking deer (Muntiacus muntjak), categorized
in family of Cervidae, in Indonesia are distributed in Sumatera, Jawa, Kalimantan, and islands around them (Lekagul and
McNeely, 1977). Mouse deer, the smallest ruminant found for the first time in Jawa (Van Dort, 1987), does not have
horns and the male adult has canine, is dispersed in primary and secondary forest in South East Asia (Medway, 1983), and
according to Kudo et al. (1987), has a prospect as herbivorous laboratory animals. People has been long time used the
meat of this animal as protein resource. Mouse deer, marked by brown-reddish body hair with three white line under its
chin, is categorized as endangered species. This condition is caused by the damage of their habitat due to the exploitation
of the forest for settlement and plantation, forest fire, and uncontrollable hunting activity. As endangered species, mouse
deer is listed in [UCN Red List of Threatened Animals (IUCN, 1986).

Mouse deer is generally lived in low land area with the altitude of 600 m above sea level (Payne et al., 1985),
and according to Adhikerana (1999), this animal is one of tourism asset in Gunung Halimun National Park in West Java.
It is urgent to find out the habitat distribution of mouse deer and barking deer and the diversity of forest plants in Gunung
Halimun National Park preferred by these animals as their feed resources to maintain the existence of these animals in
their habitat (in situ). And it is also needed to preserve the existence of plants selected by mouse deer and barking deer
as their diet.

Footprint of barking deer is frequently found in Gunung Halimun National Park. The posture of this animal
is like deer, and its male has short horn and canine with the body size smaller and slenderer than deer. Barking deer
prefers living in bushes and shrubs grown in abandoned, unirrigated agricultural field or teak forest in both low land and
mount area with the altitude of 2,400 m above sea level. Its body hair is short and delicate whilst longer hair grow at its
ears. The color of body hair is brown-reddish, and this color is faded at the body of female and young barking deer. The
color of its back is darker whilst the hair at under part of its chin, neck, and stomach is white. In Thailand, barking deer
is still hunted because of the high quality of its meat (Lekagul and McNeely, 1977). Mouse deer and barking deer are
solitaire, and both animals coupled at the time of mating only. Their feed activities are done at early morning and night.

The wholeness of the habitat of mouse deer and barking deer and the conservation of feed plants selected by
these animals as their diet in Gunung Halimun National Park are need to preserve in order to maintain the existence of
these animals in their habitat.

Nutrient contents of the selected plants, which are in the form of young leaves, young trunk, flowers, and fruits
is necessary to identify for the purpose of finding alternative feed needed in the case of captivating these animals in the
breeding program (ex situ), both for research and commercial purposes.

The aim of the research is to find out habitat distribution of mouse deer and barking deer, diversity and nutrients
of plants selected by both animals as their feed resources.

MATERIALS AND METHODS

Field survey has been conducted in June 2001 for 14 days with the tracks suggested by forest ranger and local people
knowing about the presence of mouse deer in Gunung Halimun National Park. The locations of survey (Table 1) are
around Gunung Kendeng (940 m - 1,180 m above sea level) and around Gunung Botol (1,300 m - 1,750 m above sea
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level). This survey is an initial research done by visiting places where mouse deer and barking deer are frequently found,
observing distribution of habitat, and picking forest plants selected by these animals as their diet. The data of location
and places preferred by mouse deer and barking deer as their habitat are recorded. These locations and places are known
based on the fact that mouse deer and barking deer are frequently found in that places and the tracks of the nests of these
animals. For feed plants, the record is done based on types of feed plants and the parts of plants eaten by mouse deer and
barking deer (leaf, trunk, and fruit). Observing and recording the data of these animalsi diet, in this research, is limited
at bush/shrub, climbing, grass, and herb.

Table 1. Positition of Research Location in Gunung Halimun National Park

LATD LATM LATS DIRLAT LONGD LONGM LONG DIRLON ALT LOCATION
(m asll)

6 44 211 S 106 31 50,0 E 1090 Loop trail Citalahab,
Gunung Kendena

6 44 14,2 S 106 31 25,6 E 1030 Tea plantation Nirmala,
Citalahab

6 44 28,4 S 106 31 50,1 E 1050 Curug, Gn. Kendeng

6 44 55,3 S 106 32 17,4 E 1000 Cikaniki,Gn. Kendeng

6 45 05,4 S 106 32 247 E 1000 Canopy trail

6 44 41,9 S 106 32 36,6 E 970 Cikaniki river, Gu- nung
Kendena

6 44 53,0 S 106 32 16,3 E 1060 Loop trail Cikaniki

6 44 46,4 S 106 32 30,6 E 1100 Cikuda paeh, Gu- nung
Kendena

6 44 35,7 S 106 32 19,9 E 1050 Wates Citalahab

6 44 46,4 S 106 32 30,6 E 1030 Forest of wates

6 44 52,0 S 106 32 46,9 E 1040 Out of forest of wates

6 43 39,4 S 106 29 36,0 E 1520 Gunung Botol

6 43 33,4 S 106 29 00,3 E 1720 Top | of Gunung Botol

The parts of plants selected as the diet are picked in order to build herbarium and sample, and then will be
analyzed the nutrient of them.

The plants sample which is complete with trunks, branches, leaves, flowers, and fruit (if available) were
collected, then, were put between used newspapers, moistened with methylated spirit as preservative in order to avoid
from decaying so that the process of identification in Herbarium Bogoriense will be easier.

On the other side, the sample of forest plants in the form of leaves, trunks, flowers, and fruit were dried by
putting them under the sun for 1 - 2 days to avoid decaying. The samples were kept in plastic bags waiting for analyzing
in laboratory. In the laboratory, all of the plants samples were dried in oven at 60°C for 12 - 18 hours, then milled and
kept in closed places waiting for nutrient contents analysis based on Harris method (1970).

RESULTS AND DISCUSSION

During field research, mouse deer has been seen in only two occasions in the daylight period. It is caused by the fact that
animal is coward, shame animal, so that it will be difficult to see this animal unless using camera trap. Mouse deer and
barking deer are distributed in almost all of research location (Table 1) in the foot of Gunung Kendeng, but not in
Gunung Botol, Gunung Halimun National Park, proven by the finding of feces, traces of nests, and jerks traces of feed
plants, plus information from local people guiding researchers to the forest during the research.

It is apparently that mouse deer lives in the area with the altitude of 1,100 m above sea level around Gunung
Kendeng, whereas some literature mentioned that mouse deer can only be seen in the area with the altitude of 600 m
above seal level (Hoogerwerf, 1970; Lekagul and McNelly, 1977). Mouse deer prefers the types of habitats which are
thick, protecting bushes, holes at the trunks, holes at the rocks, especially places nearby rivers, or according to Anonymous
(1978), mouse deer is tropical animal with habitat of primary and secondary forest, preferring dry land close to springs
and dense vegetation. There are plants with jerks done by mouse deer and/or barking deer. It is difficult to find out or to
see footprints of both animals because of their little and thin feet. Researchers found some of their feces on the forest
floor. Local people informed that mouse deer has frequently be seen coupled in the side of rivers flowing in the area of
Gunung Kendeng, even they have ever seen that animal drank water there. Mouse deer and barking deer also have ever
be seen under tea bushes grown in Gunung Halimun National Park, and barking deer have frequently be found at the
afternoon in open land with young tall, coarse grass.

Feed plants documented during research consist of 50 species grouped in 22 families. Table 2 shows that all
plants consumed by mouse deer (44 species) are also consumed by barking deer. However, there are 6 species of feed
plants consumed by barking deer, namely Foorestia glabrata, Forrestia sp., Ficus grossularioides, F. padana, F. septica,
and Imperata cylindrica, which are not preferred by mouse deer. Medway (1983) reports that in the forest mouse deer is
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Table 2. List of Feed Plants of Mouse deer and Barking deer in Gunung Halimun National Park

No. Family Scientific name Local name Part consumed Eaten by Kind of Plants
1 Acanthaceae Tetraglochidium Peki Leaf & young trunk M&B Climb
bibracteatum
2 Amaranthaceae - Teklan Leaf & young trunk, M&B Shrub
flower
3 Araceae Schismatoglottis Solempat Young trunk M&B Shrub
calvptrata
Schismatoglottis Cariang Young trunk M&B Shrub
rupestris
4 Asteraceae Adenostemma Babadotan (wild) Leaf & young trunk M&B Shrub
macrophvilum
Bidens chinensis Hareuga Leaf & young trunk M&B Shrub
Clibadium Nampong Leaf, flower, & fruit M&B Shrub
surinamense
Erechtites Sintrong Leaf & young trunk M&B Shrub
valerianifolia
Galinsogo parviflora  |Semingu Leaf & young trunk M&B Shrub
Mikania cordata Capituheur Leaf & young trunk M&B Climb
5 Balsaminaceae Impatiens javensis Pacar tere Leaf & young trunk M&B Shrub
6 Caryophyllaceae Drymaria cordata Ibun Leaf & young trunk M&B Shrub
7 Commelinaceae Commelina paleata Gewor Leaf & young trunk M&B Shrub
Forrestia glabrata Tali sahid (red) Leaf B Shrub
Forrestia sp. Tali sahid (green) Leaf & young trunk B Shrub
8 Convolvulaceae Ipomoea batatas Hui areuy beureum Leaf & young trunk M&B Climb
9| Cucurbitaceae Cucumis sativus Bonteng Young leaf M&B Climb
Cucurbita moschata Labu kuning Young leaf M&B Climb
Sechium edule Labu siam Young leaf M&B Shrub
10| Cyperaceae Carex baccans Tlat Young leaf M&B Shrub
11|Euphorbiaceae Omalanthus giganteus |Kareumi Leaf & young trunk M&B Shrub
12|Fabaceae Teramnus labialis Kakacangan Leaf & young trunk M&B Climb
13|Moraceae Ficus grossularioides |Seuhang Young leaf B Young tree
F. padana Hamerang Young leaf B Young tree
F. septica Beunying Young leaf B Young tree
14|Onagraceae Jussieua linifolia Cacabean Leaf & young trunk M&B Shrub
15|Poaceae Axonopus compressus |Jampang sliper Leaf & young trunk M&B Grass
Digitaria sp. Kukucayan Leaf & young trunk M&B Grass
Eleusine indica Jampang carulang Leaf & young trunk M&B Grass
Isachne sp. Bayona (red) Leaf & young trunk M&B Grass
1. albens Lameta Leaf & young trunk M & B Grass
Imperata cylindrica Alang-alang Leaf & young trunk B Grass
Lophaterum gracile Tangkur gunung Leaf & young trunk M&B Grass
Miscanthus floridulus ~ |Hutamala Leaf & young trunk M&B Grass
Panicum trigonum Bayona (green) Leaf & young trunk M&B Grass
P. repens Jajahean Leaf & young trunk M&B Grass
Paspalum conyugatum |Jampang pahit Young leaf M&B Grass
Setaria barbata Lamotek Leaf & young trunk M&B Grass
S. palmifolia Sawuheun Leaf & young trunk M&B Grass
Urochloa muticum Inggris grass Leaf & young trunk M&B Grass
16| Plantaginaceae Plantago major Kiurat Leaf, flower & young M&B Shrub
trunk
17|Polygalaceae Polygala paniculata Akar wangi Leaf & young trunk M&B Shrub
18[Polygonaceae Polygonum chinensis ~ |Bungbrun Leaf & young trunk M&B Shrub
19|Rubiaceae Anotis hirsuta Kasimukan Leaf & young trunk M&B Shrub
Borreria alata Goletrak Leaf, flower & young M&B Shrub
trunk
Hedyotis auricularia Kakawatan Leaf & young trunk M&B Shrub
Mussaenda frondosa Kingkilaban Young leaf M&B Climb
20| Thelypteridaceae Macrothelypteris Pakis beunyeur Leaf & young trunk M&B Herb
torresiana
21| Urticaceae Elatostema sp. Kibeling (wild) Leaf & young trunk M&B Shrub
22|Verbenaceae Stachytarpheta Jarong Leaf & young trunk M&B Shrub

iamaicensis

Notes : M = Mouse deer; B = Barking deer
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Table 3. Nutrient Contents of Feed Plants of Mouse deer and Barking deer

Local name Dry Ash Protein Fat Crude Energy
No. matter fiber
% % % % % cal/g
1 Kingkilaban 90,43 8,32 13,14 0,78] 27,89 3942
2 Nampong 89,91 17,22 22,04 1,54 29,85 3498
3 Kakawatan 90,70| 11,59 18,50| 0,77, 30,39 3839
4 Jampang pahit 92,43 14,53 13,88 0,79 32,58 3923
5 Inggris grass 91,42 13,79 18,55 0,76} 30,99 3414
6 Tlat 90,58 13,08 11,92 0,76) 46,26 3682
7 Capituheur 89,63 16,25 2341 0,75] 34,25 3565
8 Sawuheun 93,08 11,73 15,47 0,78] 46,04| 3169
9 Pakis beunyeur 90,52] 11,58 24,75 0,97, 36,10) 4636)
10 Pacar tere 91,34 15,60 22,14 0,76) 43,95 3336
11 Sintrong 89,79 18,56 28,96| 1,50 13,66 3372
12 Tangkur gunung 92,08 8,23 13,41 0,77 43,12 3951
13 Hutamala 91,85 10,30 10,45 0,78] 41,62 3535
14 Gewor 91,69 18,64 21,03 0,79 22,51 3467
15 Goletrak 90,25 15,79 31,24 0,79) 12,40 2929
16 Jampang sliper 91,46| 9,72 12,74 0,75] 34,99 3513
17 Lamotek 92,18 14,43 22,15 0,76 23,04 4041
18 Lameta 95,20| 8,07 15,73] 0,77, 36,04| 3554
19 Kakacangan 93,89 8,85 24,82 0,78] 31,70 3529
20 Bayona (green) 95,74 9,06 14,43 0,77 32,17 3643
21 Bayona (red) 91,48 7,64 17,71 0,76) 21,84| 3701
22 Hui areuy bereum 95,73 10,56 27,77, 0,78 16,49 3808
23 Kasimukan 93,32 15,53 20,23 0,75] 26,23 3557
24 Babadotan (wild) 93,29 14,59 21,81 0,93 12,81 4307
25 Teklan 90,35 11,40 18,95 0,96 19,58 3362
26 Semingu 90,29 14,18 23,10| 0,78] 25,28 3403]
27 Akar wangi 93,32 5.21 22,46| 0,76 19,07 3575
28 Hareuga 90,47| 11,54 28,54 0,94 13,91 3214
29 Bungbrun 90,18 8,77 21,53 0,94 17,89 3155
30 Kareumi 91,94] 6,75 24,14] 0,85] 11,11 3502]
31 Kukucayan 92,57 14,50| 21,24 0,76) 30,68 3160
32 Kibeling (wild) 90,78 15,32 21,00] 0,91 18,14] 3606
33 Tali sahid (grenn) :
- Leaf 92,41 8,91 21,57 0,95] 19,48 3300
- Young trunk 92,64 17,14 19,41 0,95 24,92 3608
34 Tali sahid (red) :
- leaf 90,82 13,08 20,23 0,98 24,95 3464
35 Peki 92,30| 8,53 18,00 1,47 29,28 3162
36 Jampang carulang 92,63 9,77 16,77] 0,79 38,12 3394
37 Jarong 92,75 6,43 17,16| 0,83] 16,85 3469
38 Jajahean 91,11 8,71 14,89 0,76) 32,87 3925
39 Cacabean 91,69 7,67 22,93 0,77, 9,55 3601
40 Cariang (young trunk)
90,64 32,90| 10,80 0,82} 19,42 4213
41 Solempat (young trunk)
86,14 27,48 10,27, 0,79) 25,97 2576

very selective in consuming plants, such as bushes, some types of grasses, and forest fruit laid on forest floor, whilst
according to Kay ef al. (1980), based on selection of species, mouse deer prefers leaves containing water, seeds, and fruit
easy to digest, so that mouse deer is categorized in the grouped of browser or concentrate selectors (Agungpriyono,
1992). On the other side, for barking deer, although also categorized in the group of browser or concentrate selectors, the
number of grasses types consumed is more than mouse deer do, and barking deer also consumes leaves, bushes, herbs,
and forest fruit (Leakagul and McNeely, 1977).

Barking deer is different from other ruminants because this animal does not like grasses in the phase of vegetative
and prefers young buds growing after burned such as tall, coarse grass. For barking deer and deer from family of
Cervidae, the willingness to consume young buds of tall, coarse grass in the burned field is linked with the effort to meet
their needs for mineral resources, especially for male animal with growing velvet (Semiadi, 1998).

There are some plants consumed by barking deer which are not selected by mouse deer as diet resources. This
fact is seemingly caused by the fact that the plants contain alkaloid which is can not be approved by mouse deer. It is
known that some plants protect their leaves toward herbivore by producing compounds such as tannin and phenol.
Mouse deer with its sharp sense of smell avoids such plants and prefers plants and leaves not containing compound
(Kinnaird, 1995). Table 2 shows that all kinds of leaves consumed by mouse deer and barking deer are young leaves plus
their young trunks because they are still soft and palatable, easy to digest, and contain low level of tanin and lignin
(Waterman, 1984). The report of Kudo ef al., (1997) states that the content of cellulotic microbe in the digestive organs
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of ruminants is high enough so that mouse deer can consume high fiber feed. It is reported that for rough fiber of 12.7 %,
mouse deer is able to digest at 63.7% (Nolan ef al., 1995). Considering that this research indicates that the content of
rough fiber consumed by mouse deer is higher (Table 3), it is necessary to observe the optimum capability of this animal
in consuming rough fiber. On the other side, because the information on morphology of the digestive organs of barking
deer is very little, it is needed to conduct a research on anatomy and morphology of the digestive system of this animal.

Nutrient content of the plants as diet resources of mouse deer and barking deer in their habitat (Table 3) seems
having variation. Ash (mineral) content ranges from 5.2% to 32.90% (average 91.70% + 1.76), protein from 10.27% to
34.35% (average 19.90% + 5.79), fat from 0.72% to 2.93% (average 0.90% + 0.34), rough fiber from 9.55% to 46.26%
(average 26.41% + 9.92), and energy from 2,576 cal/g to 4,691 cal/g (average 3,493.54 cal/g + 456.24).

The result of nutrient analysis shows that feed plants selected by mouse deer and barking deer as their diet
resources have vary value ranges for the content of protein and rough fiber. This condition will make easier the effort of
supplying and selecting the types of alternative feed in the case of captivating those animals in breeding program (ex
situ), for both research and commercial purposes.

CONCLUSION

The research concludes that mouse deer exists in all of foot areas of Gunung Kendeng with the height up to 1,150 m
above sea level, but does not exists in the foot area of Gunung Botol, whereas barking deer distributes in both areas. The
types of habitats preferred by mouse deer are dense and protected bushes such as under tea bushes, holes at trunks, holes
at rocks, nearby rivers, whilst barking deer prefers protected bushes in the forest side and unirrigated field. This research
also resulted a documentation of 50 species including in 22 families forest plants selected by mouse deer and barking
deer as their diet resources.
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ABSTRACT
Genetic diversity of slow lories (Nycticebus coucang) based on mitochondrial 12S rRNA gene. The research of
genetic diversity on slow lories Nycticebus coucang (kukang) was carried out. The collection samples 12 individuals
os slow lories from three locations (Sumedang and Jember in Java, and Lampung in Sumatera. Total DNA was
extracted from blood and tissue.

The mitochondrial 12 S rRNA nucleotide sequences were determined to investigate genetic diversity of
this species. The amplified this region with use L1091 and H1478 primers by PCR. As a result of the analysis for
386 bp sequence, five haplotipes were found, two from Java and three from Sumatra.

Keyword : slow lories, Nycticebus coucang, genetic diversity, mitochondrial DNA

INTRODUCTION
Slow lories (Nycticebus coucang ) is a species from genus Nycticebus with its distribution ranged from South Asia to
Southeast Asia (Lekagul & Mcneely, 1977). This species in Indonesia is distribution in Sumatera, Jawa and Kalimantan.The
wild population has been declining quit significant due to poaching, hunting to be sold as pet animal and degradation of
their habitat (IUCN, 1987). The status of this species were protected based on iUndang-undang dan Peraturan Perlindungan
Binatang Liar” 1931 and currently under CITES convention is in Appendix II (Anonymous, 1996).

Taxonomically, in Indonesia N. coucang is known to have three subspecies, which spread from Kalimantan
(N.c. menangensis), Jawa (N.c. javanicus) and Sumatera (N.c. coucang) (Groves, 1971; PHPA, 1978). However,
morphological review indicates that some authors put the animal into six subspecies (Strein, 1986; Corbet and Hill, 1992,
and Chasen, 1940). Based on morphological data that overlap will difficult for determine or difference in classification
of subspesies in Indonesia, therefore in this animal trade difficult for determine from original locations each individuals.
There is not permanent characteristics on each subspesies will difficult in conservation oh this animal in nature. . For
that was important to do the exploration of particular marker the genetic characteristic on each subspecies with molecular
DNA. For this will do research genetic analysis on N. coucang based on mitochondria 12S rRNA gene is determine
genetic diversity and difference nucleotide of each populations.

MATERIALS AND METHODS

Sampling locations

Sample collection were at the five locations of three subspecies Nycticebus coucang which representative that is in
Sumedang (6), Jember (2), Lampung (4), Jambi (2), and Kalimantan (1).

DNA extractions
Total DNA was extracted from blood, tissue (liver, kidney, pulmo and heart) following standard procedures (Sambrook et
al, 1989) with phenol - chloroform.

Amplification and Sequencing

Amplification using the PCR was performed in 50 ul reactions, containing buffer 10x 5 ul, 10mM dNTP 4 ul, 2pm
Primer (L&H) 5 ul, Taq polymerase 1.25 U 1 ul, DNA template 1-2 ul and destilation water 29 ul. The amplification with
PCR using the following thermal cycles in a 9600 Perkin Elmer machine was performed by denaturation; 95°C for 30
sec., annealing 55°C for 30 sec, and extension 72°C for 30 sec with 40 cycles and use H1478 and L1091 primers
described by Kocher et al. (1989). Amplification products were resolved by electroforesis in al% Seakem agarose gel in
1X Tris-Acetate EDTA (1xTAE) buffer and stained with ethidium bromide to visualize the DNA.

Sequencing

Sequence determine of PCR product with use sequencer automatic. PCR products were purified using spin column
(Amersham-Pharmacia) following the manufacture,s protocol . Direct sequencing was performed using Thermosequenase
dye primer cycle sequencing kit (Amersham-Pharmacia) with ALFred DNA sequencer. The sequencing reaction were
run at 50% stock Long Ranger™ gel solution Acrylamide for 12 hours (over night).

Data analysis
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386 base-pair sequence nucleotide were for analysis. Alignment sequences were using Clustal X (Jeanmougin et al.,
1998). For estimated haplotype diversity (%) and nucleotide diversity (p) intra and inter populations following Nei
(1987). Phylogenetic tree was constructed using Neighbor in PHYLIP program (Felstein, 1995).

RESULTS AND DISCUSSION

Of the 15 individuals obtained, there were only 12 that could be sequenced as long as 386 base-pair nucleotide. The
other three individuals from Jambi and Kalimantan could not be either sequenced or analyzed. Thus, the genetic variety
of one individuals from Kalimantan (N.c. menangensis) and the two from Jambi (V.c. coucang) could not be calculated.

Variation of DNA Sequence

The sequence alingment of 386 bp of gen 12S rRNA DNA Mitokondria from the 12 Nycticebus coucang can be seen in
Figure 1. There are 9 varied sites (polimorphic sites). All variations of the sites indicate transitional event and each of the
positions underwent one or more base change. This condition is in accordance with Greenberg et al (1983) stating that in
a closely connected population, the variation in the sequence is expected to be dominated by transitional event.

Genetic Variation

From the nine polymorphic sites, there were 5 haplotype found (JA, JB, SA, SB, and SC) shown in Table 1. The haplotype
frequency and genetic variation can be seen in Table 2. In individuals derived from Sumedang, the haplotype found were
JA and JB, and the two individuals from Jember had the same haplotype (JB). Meanwhile, in the Lampung population
consisting of 4 individuals, 3 haplotypes were founds i.e SA, SB and SC. The result of haplotype frequency calculation
(Nei, 1987) indicates that the frequency of JB haplotype (0,500) is higher compared with the other four haplotypes. JB
haplotype is the dominant charateristics of Javanese slow lories.

This result indicates that genetic variation of Java slow lories (4 = 0,242) is lower than that of Lampungs ( /
= 0,714) characterized by 2 haplotype from the 8 individuals (Table 2.). This obvious difference is also indicated in the
nucleotid difference between the population from Java and that from Sumatra (Lampung) i.e p =0.00205, while individuals
from Jember indicates monomorf population from 2 individuals (temporary result). Decrease in genetic variation of Java
slow lories can be of several causes, which are, among others, destruction and exploitation of their habitat for plantation,
which tend to increase every year (Mackinnon, 1987). In addition to that, uncontrolled illegal hunting can decreased the
population in nature, which in turn will decrease Effective Population Size, in which individuals inside have the role in
the breeding of that animal. Nursahid (2000), reported that the selling of slow lories in black market and malls is the third
position of primate species, and these markets are generally found in Java. Based on the slow lories survey in animal
markets, there are more Javanese slow lories sold there than those of Sumatra and Kalimantan. High frequency of hunting
has been in West Java areas (Sumedang and Malimping). Hence, there should be some control over the habitat and the
haversting of these animals in nature.

Genetic variation in the population coming from Lampung indicates that there are high levels of variation and
nucleotide differences (Table 2.). This result has been supported by the same criteria having the morphology of the four
slow lories individuals from Lampung. One individuals indicated almost these same body size as that from Java (N.c.
Javanicus), while the stripe patterns on the head and back are similar to those from Sumatra (N.c. coucang). The
characteristics of these individuals might indicate that these slow lories have been the result of crossbreeding between
those from Java (N.c.javanicus) and slow lories from Sumatra (N.c.coucang). This crossbreeding can possibly occur
considering a close distance between Java and Lampung where slow lories from Java are accidentally taken to Sumatra
and other hand by animals traders or privately. The other three individuals have the body size , spot and stripe patterns
similar to those from Sumatra found in Lampung. These criteria are in accordance with the kind slow lories from Sumatra
as reported by Chasen (1940), Strein (1986), Corbet and Hill (1992). The results of their research based on the morphological
data indicated that, slow lories in Sumatra consisted of 4 subspecies distributed in Riau, Jambi, South Sumatra including
Lampung, Tebing Tinggi (East Sumatra) and Tanah Datar (West Sumatra).

The Philogeny tree (Figure 2) indicates that there are different haplotypes between the population in Java and
Sumatra. However, there is one ambigious haplotype from Lampung. In which it is closer to the population from Java
than it is from Lampung. This haplotype is different in two bases from JA haplotype and three bases from JB (Java), and
with SB and SC the differences are five and six bases respectively (Lampung).

CONCLUSION

From this research, there are 5 haplotypes found (JA,JB,SA,SB,SC); two of them (JA,JB) are found in the Java population
and three (SA,SB,SC) are in the Sumatra population. The genetic variation between those from Java and Sumatra is z =
0,709, and that of Lampung (2 = 0,714).

SUGGESTION

As the samples of each subspecies in this research were very limited, there should be futher research having more
samples in each location and there should be some additional locations of each subspecies in order to obtain complete
information regarding the existence of slow lories in nature.
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-TTGCCCTATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAATCACT
ATTGCCCTATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAATCACT
-—-—-GCCCTATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAATCACT
--—-GCCCTATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAATCACT
—————————————————————————————————— TTACTTCTAAATCCGCCTTAATCACT
————————— TTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAATCACT
———————— ATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAATCACT
——————— TATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAATCACT
————— CCTATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAATCACT
—————————————————————————————————— TTACTTCTAAATCCGCCTTAACCACT
-—--GCCCTATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAACCACT

--TGCCCTATTCAATTAAGCTCTCTATTCTTAATTTACTTCTAAATCCGCCTTAACCACT
*

TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAAGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAAGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAAGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAAGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAAGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAGGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAAGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAAGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAATTGTTCTGTGAAGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAGTTGTTCTGTGAGGATAGAAAATGTAGCCCATTTCTTC
TTTTTCATAAGGGGTGGCGTTAGTTGTTCTGTGAGGATAGAAAATGTAGCCCATTTCTTC

TTTTTCATAAGGGGTGGCGTTAGTTGTTCTGTGAGGATAGAAAATGTAGCCCATTTCTTC
* *

CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTAGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCCTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTAGTTCTCTTGCTTACTATG
CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTAGTTCTCTTGCTTACTATG

CCACCTCATAGACTACACCTTGACCTAACGTTTTAATGTGTGGTTCTCTTGCTTACTATG
* *

GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
GGTCCTTGACAGGGTTTGCTGAAGATGGCGGTATATAGGTTGAATTAGAAAGAGGTGGTG
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AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTGTAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTATAAAGCACCGC
AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTATAAAGCACCGC

AGGTTTATCGGGGTTTATCGATTATAGAACAGGCTCCTCTAGGGGGGTATAAAGCACCGC
*

CAAGTCCTTTGAGTTTCGAGCTGTTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTGTTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGATAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGATAT
CAAGTCCTTTGAGTTTCGAGCTATTGCTTGTAGTACTCTGGCGAGTAGCATTGTTGGTAT

& &

GCTACTTTAGTTTACGGTTAAGCATAG-——————— e
GCTACTTTAGTTTACGGTTAAGCATAGTGGGG-———————————————
GCTACTTTAGTTTACGGTTAAGCATAGTGGGG-———————————————
GCTACTTTAGTTTACGGTTAAGCATAGTGGGGTATCTAAT ————————
GCTACTTTAGTTTACGGTTAAGCATAGTGGGGTDATCTG-———————-
GCTACTTTAGTTTACGGTTAAGCATAGTGGGGTATCTNAT ———————-—
GCTACTTTAGTTTACGGTTAAGCATAGTGGGGTATCTTTATCCCAGTT
GCTACTTTAGTTTACGGTTAAGCATAGTGGGGT———————————————
GCTACTTTAGTTTACGGTTAAGCATAGTGGGGTATCTAAT ————————
GCTACTTTAGTTTACGGTTAAGCATAGTGGGGTATC————————————
GCTACTTTAGTTTACGGTTAAGCATAGTGGGG-———————————————

GTTACTTTAGTTTACGGTTAAGCATAGTGGGG-———=—=—===———————
*

Figure 1. Sequence alignment 386 bp of 12S rRNA mtDNA gene. Asterisks mark shown on 9
polymorphoics sites position.

Table 1. Polymorphic positions between Slow loris haplotypes. A period denotes

A maching base with the top-most sequence.

Base Position
Haplotype | 22 49 61 129 135 255 289 323 328
JB T A A G C G A G C
JA . . . . . . G
SA . . G A
SB C G G A T A A
SC C G G . T A . . T
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SB

SA

JB
JA
0.01
Figure 2. Phylogenetic tree (Neighbor - joining method).
JA, JB = Haplotype from Java
SA, SB, SC = Haplotype from Lampung (Sumatra)
Table 2. Haplotypes frequencies, genetics variations (h) and
nucleotide differences (st) on three locations
Haplotype Frequency
Location A B C D E h n
Lampung - - 0.50 0.25 0.25 0.714 4
Sumedang 0.333  0.667 - - - 0.484 6
Jember - 1 - - - 0 2
Jawa-Sumatera 0.167 0.500 0.0183 0.167 0.167 0.709 12
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ABSTRACT

Tree population change of a 1 Ha (100 m by 100 m) plot in a disturbed protection forest was studied at Jampang,
Sukabumi Regency, West Java. The censuses were carried out in 1998 and 2000. During two years, the forest lost
25 species and 93 individual trees mostly due to illegal cutting and only gained 2 recruiting individual trees.
Number of species and density of trees (diameter > 10 cm) in 1998 and 2000 were 136 species (belonging to 86
genera and 46 families) and 408 trees/ha, and 111 species (belonging to 79 genera and 43 families) and 307 trees/ha
respectively. The most abundant trees were Schima wallichii, Gironniera subaequalis, Macaranga lowii, and Pentace
polyantha. While the most diverse families were Euphorbiaceae (10 genera, 14 species), Lauraceae (8 genera, 15
species), and Rubiaceae (5 genera, 6 species). The food crisis in 2000-2001 and lack of supervision from the forest
guards caused local people to convert most part of the forest to upland rice field.

Key words : disturbed protection forest, illegal cutting, tree population change, Jampang, West Java.

INTRODUCTION
The utilization of natural resources such as gold mining eventhough manually will cause social and environmental impacts,
either positively ( positive gainings) or negatively (negative gainings). The land formerly mining area tends to undergo
degradation that is becoming less fertile/nutrient deficiency. Therefore, it needs rehabilitation on that degraded land.
Land and bioresources conservation is supposed to be implemented along with mining activity so that the fertility recovery
is not as difficult as if it is not an effort at all.

The main purpose of this study is to expose the status and condition of a forest ecosystem at the traditional gold
mining area, Jampang, West Java, so that it can be a reference in land reclamation activity on that area specifically and for
other similar areas in Indonesia.

STUDY SITE AND METHODS
The study was conducted at the protected forest of Jampang, Waluran village, Sukabumi Regency, West Java in August
1998 and February 2000 (Fig. 1). The annual precipitation at Jampang varies around 2000-3800 mm. Geographically it
is located on 7 and 10.747 South ; 106 and 37.244 East. Topographical condition was hilly with a slope of 15 - 40. The
altitude is 600 - 770 m above sea level. Soil type is dominated by latosol and yellowish red podzol with clayed soil
texture. PH ranges 4.5 - 5.5 and humidity of 78 % (depending on the season).

A plot of 100 m by 100 m (1 Ha) was

established . The plot was divided into 100  Table 1. Quantitative data of the analytical results of the soil

subplots of 10 m by 10 m, and those trees with ~ sample

dbh of more than 10 m were enumerated their Parameters Quatitative measurements Notes

species, measured their diameter, total height and pH 477

height of the ﬁrst live branch. Some chemlcal N- total 0.041 % Medium

contents of soil sample were presented in Table

1 P-Bray 2 0.059 ppm Very low
K 0.222 me/100 g Medium

RESULTS AND DISCUSSION CEC 15.624 me/100 g High

Density and diversity Aldd 12.606 me/100 g

Number of species in 1998 was 136 species
belonging to 86 genera and 46 families (Appendix

1) while that of 2000 was 111 species belonging to 79 genera and 43 families. The list of species disappeared within two
years is listed on Appendix 2. List of twenty tree species with highest important value at the research plot in 1998 and

2000 are presented in Table 2 and Table 3.
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From Table 2 and Table 3 it can be seen that the species composition and structure between data of 1998 and
2000 was still similar. Some main species dominating were Schima wallichii, Gironniera subaequalis, Macaranga lowii,
and Pentace polyantha. S. wallichii was recorded as the dominant species with highest frequency, density and basal arae
compared to other species. This species grows naturally, but its dominance is not directing to homogenous forest type

Table 2. List of the Twenty species with Highest Important Value at
the Study Plot in 1998

Freq. | Density Basal Imp.
Species Family Area
(%) /Ha Value
(m2/Ha)

1| Schima wallichii Theaceae 31 41 9.15 52.57
2 | Gironniera subaequalis Ulmaceae 20 29 0.85 15.71
3 | Pentace polyantha Tiliaceae 15 21 1.09 13.29
4 | Macaranga lowii Euphor. 17 24 0.56 12.59
5 | Castanopsis tunggurut Fagaceae 7 8 0.44 5.50
6 | Blumeodendron tokbrai Euphor. 8 8 0.27 5.14
7 | Sterculia oblongata Stercul. 6 7 0.44 4.99
8 | Lithocarpus indutus Fagaceae 4 6 0.56 4.65
9 | Adina trichotoma Rubiaceae 6 7 0.35 4.65
10 | Polyalthia rumphii Annon. 7 9 0.13 4.59
11 | Dysoxylum densiflorum Meliaceae 5 6 0.32 4.02
12 | Prunus arborea Rosaceae 5 5 0.31 3.75
13 | Xerospermum noronhianum Sapind. 5 7 0.14 3.60
14 | Nyssa javanica Nyssaceae 4 4 0.37 3.45
15 | Ficus fistulosa Moraceae 4 5 0.25 3.25
16 | Lithocarpus sundaicus Fagaceae 4 4 0.31 3.23
17 | Horsfieldia glabra Myrist. 4 4 0.22 2.89
18 | Polyalthia lateriflora Annon. 4 5 0.13 2.80
19 | Meliosma nitida Sabiaceae 4 4 0.07 2.33
20 | Diospyros sp. Ebenaceae 4 4 0.07 2.33

Table 3. List of the Twenty Species with Highest Important Value in
the Study Plot in 2000

Freq. | Density Basal [mp.
Species Family area Value
(%) /Ha
(m2/Ha) (%)
1 | Schima wallichii Theaceae 21 23 6.72 48.20
2 | Gironniera subaequalis Ulmaceae 17 24 0.56 16.59
3 | Macaranga lowii Euphor. 15 23 0.53 15.40
4 | Pentace polyantha Tiliaceae 13 15 0.54 12.15
5 | Dysoxylum densiflorum Meliaceae 5 6 0.36 5.49
6 | Blumeodendron tokbrai Euphor. 6 7 0.20 5.38
7 | Polyalthia rumphii Annon. 7 7 0.10 5.24
8 | Adina trichotoma Rubiaceae 4 6 0.34 5.05
9 | Lithocarpus indutus Fagaceae 4 5 0.29 4.48
10 | Castanopsis tunggurut Fagaceae 4 4 0.34 4.40
11 | Xerospermum noronhianum Sapind. 5 6 0.13 4.35
12 | Sterculia oblongata Stercul. 3 5 0.33 4.33
13 | Nyssa javanica Nyssaceae 3 4 0.38 4.24
14 | Lithocarpus sundaicus Fagaceae 3 3 0.31 3.58
15 | Ficus fistulosa Moraceae 3 4 0.23 3.50
16 | Polyalthia lateriflora Annon. 2 5 0.14 3.02
17 | Diospyros sp. Ebenaceae 3 4 0.08 2.76
18 | Prunus arborea Rosaceae 2 2 0.13 1.99
19 | Meliosma nitida Sabiaceae 2 2 0.04 1.55
20 | Horsfiledia glabra Myrist. 1 2 0.11 1.55
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(Sambas and Siregar 1999). The
composition of twenty tree species
having largest individual numbers in
1998 and 2000 were still similar
although the ranks were different. Tree
individual number of S. wallichii
decreased sharply from 41 to 23 trees
per Ha or decreasing 44% wirth a
reducing basal area 0f 2.43 m2. From
the observation in the field, that was
caused by illegal cutting. Cutting
seemed to be directed to tree individuals
having diameter > 50 cm (Figure 2).
However, from field observation, trees
of smaller diameter were also cut to
make easy the access in taking the log.
Some small trees were fallen as a side
effect of tree falling. This caused
individual number of small diamter trees
also decreased (Figure 3). Some tree
individuals having diameter > 50 cm that
still exist are also subject to be cut seeing
from the sign on the trunk. This
indicates that although protected forests,
yet it is sensitive to felling generally
implemented openly. Macaranga lowii
had the stabile densuty compared to ther
species, it only lost one individual. This
was probably due to its low wood quality
especially for constraction material, so
that not as object of tree felling.

Tree number on 1998 census
was 408 trees/Ha, while that of 2000 was
307 trees/Ha, decreasing 101 individuals
(24.8%). During last 1.5 years, number
of trees dead and cut was far higher (103
individuals) compared to the new
recruitments (two individuals) i.e.
Blumeodendron tokbrai and Lithocarpus
indutus. All dead tree can be causee by
illegal cutting.

In the growth process, the
chance of each individual tree to occupy
dead trees are not same.Generally, the
recruitent psrocess of each individual to
become a mature tree is through natural
selection competitatively. After 1.5
years, there was a population change by
reducing the individual number and
density, if the security of the forest is not
enhanced, the protected forest will be
more damaged especially the good
quality trees for construction material,
and will only replaced by low quality
ones.



With the status of a protected forest, the study plot is categorized as highly degraded forest. Therefore, it needs
reboisation with origin species. The successful reboisation of this area will support reclamation activity on land formerly
gold mining area at Jampang and surrounding. Besides, that forest needs protection from illegal cutting having impression
of no prevention due to lack of forest guards and low awareness of some people (illegal cutting network) on forest
function. The illegal logger should be given alternative jobs so that forest destruction will not be worsened.

Tree species richness in the research area was high. The tree diversity level was also showed by the number of
trees per species. In 1998, as many as 124 species ( 91.18 %) only represented by 1 - 5 trees, and 77 species ( 56.62 %)
represented by only one tree. While in 2000 there were 102 ( 91.89 %) species represented by 1 - 5 trees and 62 species
(55.86 %) represented by only one tree.

Based on diameter class, Figure 1 showed tree distribution, while that of 2000 is shown in Figure 1.

Tree distribution of 4 main species in the study plots are presented in Figure 2 (1998) and Figure 3 (2000)
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Figure 1. Tree Distribution Based on dbh Class in the Study Plot in1998 and 2000
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Figure 2. Tree Distribution of Four Main Species in the Study Plot in 1998.
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Figure 3. Tree Distribution of Four Main Species in the Study Plot in 2000.

Table 4. Family Importance Value in the
Study Plot in 1998

Basal Family
No Family No-of No-of No.of Area Importance
Genera Species Trees
(m2/Ha) | Value (%)

1 | Theaceae 1 1 32 9.150 52.57
2 | Euphorbiaceae 10 14 50 1.768 3243
3 | Fagaceae 2 8 24 2.154 20.43
4 | Ulmaceae 1 1 25 0.850 15.71
5 | Lauraceae 9 18 24 0.734 15.14
6 | Myrtaceae 4 7 18 1.361 14.10
7 | Meliaceae 3 8 16 0.939 11.77
8 | Myristicaceae 3 7 15 0.654 10.19
9 | Rubiaceae 5 6 14 0.680 9.50
10 | Annonaceae 1 2 14 0.275 7.39
11 | Melastomataceae 2 6 10 0.435 6.79
12 | Rosaceae 2 2 8 0.494 5.98
13 | Sterculiaceae 1 2 8 0.444 5.79
14 | Sapotaceae 3 3 5 0.787 5.52
15 | Moraceae 3 3 7 0.291 4.70
16 | Elaeocarpaceae 1 5 6 0.341 437
17 | Crypteroniaceae 1 2 2 0.879 4.31
18 | Aquifoliaceae 1 1 5 0.426 4.17
19 | Ebenaceae 1 4 8 0.226 4.0
20 | Sapindaceae 2 2 7 0.161 3.90
21 | Nyssaceae 1 1 4 0.367 3.44
22 | Clusiaceae 3 3 5 0.205 3.35
23 | Sabiaceae 1 2 5 0.085 2.90
24 | Cornaceae 1 2 4 0.062 2.30
25 | Saxifragaceae 1 1 3 0.077 1.84
26 | Icacinaceae 2 3 3 0.036 1.68
27 | Aceraceae 1 1 1 0.251 1.45
28 | Burseraceae 1 1 2 0.109 1.44
29 | Magnoliaceae 1 1 2 0.091 1.37
30 | Symplocaceae 1 2 2 0.067 1.28
31 | Olacaceae 2 2 2 0.065 1.28
32 | Fabaceae 1 1 2 0.122 1.22
33 | Bignoniaceae 1 1 2 0.021 1.11
34 | Thymelaeaceae 1 1 2 0.019 1.10
35 | Pittosporaceae 1 1 1 0.039 0.66
36 | Loganiaceae 1 1 1 0.037 0.65
37 | Bombacaceae 1 1 1 0.027 0.62
38 | Anacardiaceae 1 1 1 0.020 0.59
39 | Simaroubaceae 1 1 1 0.019 0.59
40 | Flacourtiaceae 1 1 1 0.016 0.58
41 | Rhamnaceae 1 1 1 0.014 0.57
42 | Rhizophoraceae 1 1 1 0.013 0.57
43 | Proteaceae 1 1 1 0.012 0.56
44 | Staphyllaceae 1 1 1 0.009 0.55
45 | Connaraceae 1 1 1 0.009 0.55
46 | Tiliaceae 1 1 19 1.090 13.29

Table 5. Family Importance Value in the

Study Plot in 2000
Basal Family
No Family No-of No-of No. of Area Importance
Genera Species Trees
(m2/Ha) | Value (%)

1| Theaceae 1 1 24 6.740 48.20
2 | Euphorbiaceae 9 12 41 1.386 34.66
3 | Fagaceae 2 7 16 1.449 17.57
4 | Lauraceae 8 15 20 0.674 16.90
5 | Ulmaceae 1 1 18 0.599 16.59
6 | Meliaceae 3 7 13 0.879 13.17
7 | Tiliaceae 1 1 15 0.513 12.15
8 | Rubiaceae 5 6 13 0.663 11.75
9 | Myrtaceae 4 4 11 0.555 9.50
10 | Myristicaceae 3 6 12 0.323 9.38
11 | Annonaceae 1 2 12 0.242 9.33
12 | Ebenaceae 1 4 8 0.226 6.54
13 | Melastomataceae | 2 6 7 0.276 6.11
14 | Sapotaceae 2 2 3 0.727 5.64
15 | Moraceae 3 3 6 0.282 5.47
16 | Sapindaceae 2 2 7 0.161 5.19
17 | Sterculiaceae 1 1 5 0.325 5.00
18 | Nyssaceae 1 1 4 0.367 4.53
19 | Aquifoliaceae 1 1 4 0.313 4.26
20 | Rosaceae 2 2 4 0.138 3.40
21 | Crypteroniaceae 1 1 1 0.537 3.34
22 | Cornaceae 1 2 4 0.062 3.02
23 | Clusiaceae 3 3 4 0.060 3.01
24 | Sabiaceae 1 2 3 0.051 229
25 | Magnoliaceae 1 1 2 0.091 1.81
26 | Olacaceae 2 2 2 0.065 1.68
27 | Elaeocarpaceae 1 1 1 0.192 1.63
28 | Fabaceae 1 1 2 0.122 1.61
29 | Saxifragaceae 1 1 2 0.033 1.52
30 | Thymelaeceae 1 1 2 0.019 1.45
31 | Symplocaceae 1 1 1 0.052 0.94
32 | Pittosporaceae 1 1 1 0.039 0.87
33 | Bombacaceae 1 1 1 0.027 0.81
34 | Simaroubaceae 1 1 1 0.019 0.77
35 | Loganiaceae 1 1 1 0.037 0.86
36 | Flacourtiaceae 1 1 1 0.016 0.76
37 | Rhizophoraceae 1 1 1 0.013 0.74
38 | Bignoniaceae 1 1 1 0.011 0.73
39 | Icacinaceae 1 1 1 0.010 0.73
40 | Connaraceae 1 1 1 0.009 0.72
41 | Staphyllaceae 1 1 1 0.009 0.72
42 | Anacardiaceae 1 1 1 0.020 0.78
43 | Burseraceae 1 1 2 0.109 1.90
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Appendix 1. List of Tree Species in the Study Plot in 1998

Aceraceae
Acer laurinum

Aquifoliaceae
Ilex cymosa

Annonaceae
Polyalthia lateriflora
P. rumphii

Anacardiaceae
Semecarpus glaucus

Bignoniaceae
Radermachera gigantea

Bombacaceae
Durio zibethinus

Burseraceae

Fagaceae

Castanopsis argentea
C. javanica

C. tunggurut
Lithocarpus blumeanus
L. indutus

L. javanica

L. javensis

L. sundaicus

Flacourtiaceae
Flacourtia rukam

Icacinaceae
Gomphandra javanica
Stemonurus secundiflorus
Stemonurus sp.

Canarium denticulatum | i raceae

Clusiaceae
Calophyllum venolusum
Cratoxylum sumatranum
Garcinia sp.

Connaraceae
Ellipanthus tomentosus

Cornaceae
Mastixia rostrata
M. trichotoma

Crypteroniaceae
Crypteronia griffithii
C. paniculata

Ebenaceae
Diospyros buxifolia
D. frutescens
D. hermaphroditica
Diospyros sp.

Elaeocarpaceae
Elaeocarpus floribundus
E. oxypyren
E. petiolaris
E. sphaericus
Elaeocarpus sp.

Euphorbiaceae
Aporosa frutescens
Aporosa sp.
Baccaurea javanica

Blumeodendron elatriospermum

B. tokbrai

Bridelia glauca
Claoxylon longifolium
Cleidon spiciflorum
Cleistanthus sp.
Croton argyratus
Drypetes macrophylla
Macaranga lowii

M. semiglobosa

M. subglobosa

Fabaceae
Cassia fistulosa

Actinodaphne angustifolia
A.  procera
Alseodaphne umbelliflora
Cinnamomum iners

C. javanicum

C sintoc

Cryptocarya costata

C. densiflora

C. ferea

Dehaasia cuneata
Lindera bibracteata
Litsea grandis

L. lanceolata

L. mappacea

L. resinosa

Litsea sp.

Neolitsea casseafolia
Persea rimosa

Loganiaceae
Fagraea elliptica

Meliaceae
Aglaia aspera
A.  dookko
A.  eusideroxylon
A.  odoratissima
Chisocheton sp.
Dysoxylum arborescens
D. densiflorum
D. excelsum

Magnoliaceae
Michelia montana

Melastomataceae
Memecylon costatum
M. edule
M. floribundum
M. myrsinoides
M. oligonorum
Pternandra azurea

Moraceae
Ficus fistulosa

Paratocarpus sp.
Artocarpus elasticus

Myristicaceae
Horsfieldia glabra
Knema cinerea
K. intermedia
K. latericia
K. latifolia
K. laurina
Mpyristica iners

Myrtaceae

Rhodamnia cinerea
Rinorea cinerea

R. javanica

Eugenia acuminatissima
E.  fastigiata

E. lineata

Syzygium sp

Nyssaceae
Nyssa javanica

Olacaceae
Anacolosa frutescens
Olea javanica

Proteaceae
Helicia serrata

Pittosporaceae
Pittosporum ferrugineum

Rubiaceae
Adina trichotoma
Canthium sp.
Ixora paludosa
Nauclea lanceolata
Nauclea sp.
Plectromia didyma

Rosaceae
Atuna racemosa
Prunus arborea

Rhamnaceae
Maesopsis eminii

Rhizophoraceae
Gynotroches axillaris

Simaroubaceae
Ailanthus integrifolia

Sapotaceae
Chrysophyllum roxburghii
Madhuca macrophylla
Payena leerii

Staphyllaceae
Turpinia sphaerocarpa

Sabiaceae
Meliosma lanceolata
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M. nitida

Sapindaceae
Nephelium lappaceum
Xerospermum norohianum

Saxifragaceae
Polyosma integrifolia

Sterculiaceae
Sterculia cordata
S. oblongifolia

Symplocaceae
Symplocos fasciculata
S. odoratissima

Tiliaceae
Pentace polyantha

Theaceae
Schima wallichii

Thymelaceae
Gonystylus macrophyllus

Ulmaceae
Gironniera subaequalis



Appendix 2. List of Disappearing Species within 1998-2000 in the Study Plot

No Species No Species

1 Acer laurinum 14 C. javanicum

2 | Crypteronia griffithii 15 Aglaia odoratissima

3 | Baccaurea javanica 16 Knema intermedia

4 | Macaranga subglobosa 17 Rinorea javanica

5 | Elaeocarpus oxypyren 18 Eugenia fastigiata

6 | E. petiolaris 19 E. lineata

7 | E. sphaericus 20 Helicia serrata

8 | Elaeocarpus sp. 21 Chrysophyllum roxburghii
9 | Lithocarpus javensis 22 Xerospermum noronhianum
10 | Gomphandra javanica 23 Sterculia cordata

11 | Stemonurus secundiflorus 24 Symplocos fasciculata

12 | Alseodaphne umbelliflora 25 Maesopsis eminii

13 | Cinnamomum iners
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ABSTRACT

The phylogeny of the two closely- related genera, Agrioglypta Meyrick and Talanga Moore, was inferred from
nucleotide sequence variation across a 687-bp region in the cytochrome oxidase II gene and from morphology.
Seven species representing the two genera and two outgroup genera (Sameodes Zeller and Metallarcha Meyrick)
were included in parsimony analysis based on 64 molecular characters and 20 morphological characters that were
potentially informative. The most parsimonious relationships based on molecular data showed substantial
congruence with the species relationships indicated by the morphological variation. Separate and combined analyses
of the molecular and morphological data sets showed that Agrioglypta possibly formed a paraphyletic assemblage
while Talanga was a monophyletic group.

Key words: morphological variations, molecular phylogeny, moth

INTRODUCTION

Agrioglypta Meyrick, 1932, and Talanga Moore, 1885, are medium-sized moths (20-30 mm) that are common and
widespread in tropical regions especially in South East Asia with some species penetrating into subtropical areas (Common,
1990; Robinson et al., 1994). These genera are small groups with the known species numbering 17 for Agrioglypta and
12 for Talanga. Both genera belong to the Spilomelinae, a large lepidopteran subfamily, comprising 220 species in 86
genera from North America (Hodges et al., 1983), more than 300 species represented by 47 genera in South East Asia
(Robinson et al., 1994), and about 360 species in about 125 genera in Australia (Shaffer et al., 1996). Compared with
other Spilomelinae, Agrioglypta and Talanga are less studied not only in terms of their taxonomy but also their relationships
and their biological aspects (Robinson et al., 1994). The recent preliminary study on the relationships of some genera of
the Australian Spilomelinae based on adult moths showed that Agrioglypta is a sister group of Talanga, but the relationships
among species within each genus are still unresolved (Sutrisno, 2002a).

Agrioglypta was described by Meyrick, 1932 for the single species Agrioglypta enneactis Meyrick. A little
information is available on diversity and distribution of this genus. Robinson ef al. (1994) estimated that this genus
contains more than 17 species ranging from Taiwan and India to Samoa. Shaffer et al. (1996) recorded five species from
Australia. The only biological information is Commonis (1990) record that the larvae of 4. excelsalis (Walker) feed on
the leaves of sandpaper figs (Ficus coronota Spin and F. opposite Miq, Moraceae), either folding the leaves or joining
adjacent leaves with silk.

Talanga was described by Moore, 1885, based on several species including Oligostigma sexpunctata Moore, an
incorrect subsequent spelling of Oligostigma sexpunctalis Moore (1877). Hampson (1896) subsequently designated O.
sexpunctalis as the type species of the genus. This genus contains about 12 species distributed from India and Taiwan to
the Solomon Islands and Australia (Robinson ef al., 1994). Based on material deposited in Australian National Insect
Collection, Canberra, Australia, there are three species in Australia (7. tolumnialis (Walker) and 7. sabacusalis (Walker),
T. sexpunctalis Moore) but only the first two species were listed in the Checklist of the Australian Lepidoptera (Shaffer et
al., 1996). The biology of this genus is little known. Common (1990) reported that the larvae of 7. tolumnialis is a
common pest of cultivated figs in Queensland and New South Wales. The larvae normally feed on the young foliage of
native figs (Ficus spp, Moraceae).

As for nearly all pyraloids in the Oriental/Australian region, these two genera are poorly defined since the previous
taxonomic studies, largely from early this century (Hampson, 1896, 1898, 1899), were based on external characters only
(Common, 1990). Several characters previously used to describe these two genera, such as scaling of the labial and
maxillary palpi, shape of the segments of labial and maxillary palpi and body shape, often lead to confusion since these
characters vary considerably within species or even according to the condition of the specimen. Therefore, the monophyly
of each genus and the relationships among species within each genus need to be tested, preferably by cladistic analysis
based, not only on external character but also genital characters and molecular data. The latter are useful to phylogenetic
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studies of Lepidopetra, as has been shown in studies of the moth taxa Greya Busck (Prodoxidae) (Brown et al., 1994);
phylogeny of Ostrinia furnicalis GuenEe and allied species (Pyralidae) (Kim ef al., 1999) and phylogeny of Papilio
Linnaeus (Papilionidae) (Caterino ef al., 1999). All of these studies utilized the mitochondrial gene, cytocrhrome oxidase
II (mtDNA CO II), which displayed appropriate variation for resolving relationships species within genus. There is no
doubt that including other mitochondrial genes and nuclear genes in the analysis may give more appropriate result to
reconstruct the relationships among taxa at generic level, as has been shown in the study of the phylogeny of Polygonia
H ,bner, Nympalis Kluk and related butterflies (Nympalidae) (Nylin et al., 2001).

The present study aims to reassess the monophyly of both Agrioglypta and Talanga and to estimate the relationships
among species within each genus based on morphological data and nucleotide sequence variation in mtDNA CO II gene.
Due to the difficulty of collecting fresh materials for molecular study, only four species of Agrioglypta and three species
of Talanga are included in the present study.

MATERIAL AND METHODS

Moth specimens

Specimens for molecular study were collected during 1999-2002 from various localities in Indonesia and Australia (Table
1). Adult moths were collected by using light traps

and were preserved in absolute alcohol (99.5%

ethanol). Morphological study was conducted  Table . Species selected for molecular study.

based on specimens deposited in Museum

Zoologicum Bogoriense, Bogor (MZB) and  Genera Species Locality Date of collection
Australian National Insect Collection (ANIC).
The two genera Sameodes and Metallarcha Agrioglypta excelsalis Menado, Sulawesi April, 2001
were chosen as the outgroup in this study since eurytusalis ~ Pangrango NP, West java  September, 2000
the preliminary study on the relationships among itysalis Halimun Np, West Java April, 2001
s . . naralis Halimun NP, West Java March, 2002
genera of the Australian Spilomelinae showed that ) i )
both imitive than Aerioelvpt Talanga sabacusalis  Patunuang, Sulawesi April, 2001
oth genera are mF)re primitive tha grioglypta sexpunctalis Bantimurung, Sulawesi April, 2001
and Talanga (Sutrlsno’ 20023) tolumnialis  Bucasia, Queensland April, 2001
Sameodes cancellalis  Sorong, Irian Jaya March, 2002
DNA Extraction Metallarcha aureodiscalis Bucasia, Queensland April, 2001

An individual thorax was ground in a 1.5 ml
microcentrifuge tube containing 600 ul CTAB
buffer with 4% polyvinyl pyrrolidone and incubated at 55 °C for 2 hours. The solution was extracted several times with
phenol saturated with TE buffer (10 mM Tris-HCL, pH 8.0, ImM EDTA); once with one volume of phenol: chloroform:
iso-amyl alcohol (25:24:1). Then, the solution was again extracted twice with chloroform: iso-amyl alcohol. The aqueous
phase was transferred to a new tube, then 1.5 volume of isopropanol was added to precipitate DNA and left at -20 °C for
more than 1 hour. The DNA precipitant was pelleted by centrifugation at 13,000 rpm for 20 minutes. The DNA pellet
was washed with 70% ethanol, air dried and dissolved in 50 pl | of TE buffer.

Sequencing of mtDNA CO II gene
PCR was carried out by using a Takara Thermal Cycler MP (Takara) at the following cycle profiles: 30 s at 94 °C, 60 s
at 47 °C and 120 s at 72 °C for 35 cycles. The primers used to amplify the mtDNA CO II gene were O-tLEU (5-
TAGTGCAATGGATTTAAACC-3) and B-tLYS (GTTTAAGAGACCAGTACTTG-3) (Kim at al., 1999).

The PCR products were purified using QIAquick PCR Purification Kit (Qiagen, USA). Sequencing of the purified
PCR product was performed using an ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit (Perkin-
Elmer) on ABI PRISM model 310 Genetic Analyzer (PE Applied Biosystems). The sequences were aligned using
BioEdit Sequence Alignment Editor (Hall, 1999).

Morphological characters

The following 20 characters were observed on pinned specimens under a stereoscopic dissecting microscope and/or on
mounted body parts under a compound microscope. Several terms for characters used here are following Sutrisno
(2002b). All characters were treated as ordered (Wagner Parsimony) with the exception of characters: 2, 9, 10, 12, and 14
which were treated as unordered. The data matrix of characters state for taxa that was subjected to cladistic analysis is
given in Appendix 1.

The 20 characters used are as follows:

1. Triangular marking at middle of forewing costa: (0) absent; (1) present.

Post medial line of forewing: (0) absent; (1) slightly curved, not interrupted medially; (2) curved, interrupted medially.
A small triangular spots at tornus of hindwing: (0) absent; (1) present.

Two small spots, surrounded by metallic marking at outer margin of hindwing: (0) absent; (1) present.

Hair pencils on lateral margin of male sixth tergum: (0) absent; (1) present.

Bundle of long hair on lateral margin of male T8: (0) absent; (1) present.

SnhAwD
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Shape of anterior edge of male eighth sternum: (0) rounded; (1) angled.

Length of ductus ejaculatorious: (0) short; (1) narrow long.

Apex of uncus:(0) apex not flat without neck; (1) apex truncate; (2) flat, paddle shaped.

0. Shape of tegumen:(0) narrow, nearly spindle shaped, fused with base of uncus; (1) subtriangular to ovate, fused with

base of uncus; (2) broadly rounded depressed at apex.

11. Sclerotization of base of tuba analis: (0) absent; (1) U-shaped, but outer margin ventrally with wide, angled keels and
well sclerotized.

12. Transtilla: (0) U-shaped, weakly sclerotised; (1) curved, medially weakly sclerotised; (2) V-shaped with wide
subtriangular arm, medially with only membranous connection.

13. Shaped of juxta: (0) wide, without sclerotised medial rod; (1) narrow dorsal half curved anteriorly, with short well-
sclerotised rod like medial processes with its tip curved ventrally.

14. Shape of vinculum: (0) simple; (1) nearly onion shaped, dorsal half subparallel ventral half transversely ovate with
a ventro-medial depression containing a round extension; (2) U-shaped or broadly rounded with complex ventral
expansion including an inclined transverse ventral plate.

15. Plate in middle of valva: (0) absent; (1) present.

16. Costa of valva: (0) without any process; (1) with a small knob-like process.

17. Coremata: (0) simple in basal structure, with scattered broad long scales; (1) simple in basal structure with lamellate
scales fused to form a large valva-like processes.

18. Hair pencil on base of ear lobe coremata (basal structure): (0) absent; (1) present.

19. Sclerotized ring anterior to ostium: (0) absent; (1) present.

20. Sculptured hair at middle of coremata: (0) absent; (1) present.

= o *®

Phylogenetic Inference
Phylogenetic analyses were performed with PAUP* version 4.0b.10 for 32-bit Microsoft Windows (Swofford, 2001).
Maximum Parsimony analysis were applied for morphological and molecular data either separately or combined. All
searches of the data matrix were performed with the exhaustive search.

The numbers of nucleotide substitutions per site of the mtDNA CO II gene were estimated based on Tamura
and Nei (1993) model using MEGA. 1.0. The statistical confidence of a particular clade in the MP tree was evaluated by
the Bootstrap test (Felsenstein, 1985).

RESULTS

Morphological Phylogeny

An exhaustive search in PAUP resulted single MP tree (length= 26, CI= 0.89, and R1=0.93). The MP tree resulted from
the analysis based on morphological characters with bootstrap support is presented in Fig. 1A.

The numbers of the synapomorphy characters are presented only for the two major groups, Agrioglypta + Talanga
and Talanga. The monophyly of the group Agrioglypta + Talanga is supported by the following character and states:
1(1), 2(0), 3(1), 6(1), 7(1), 8(1), 9(0), 10(1), 12(1), and 14(1), while the synapomorphy characters states for Talanga are
4(1), 9(2), 10(2), 11(1), 12(2), 13(1), 14(2), 15(1), 17(1) and 20(1).

mtDNA variation

Sequences of seven species of Agrioglypta and Talanga and two species outgroups were aligned using BioEdit Sequence
Alignment Editor (Hall, 1999), with no evidence of indels (aligned sequences are available from the corresponding
author on request). Over the entire 687-bp region, 76.12 % of the nucleotide positions were constant, 14.55 % were
uninformative (i.e., any variants were found in single sequence), and 9.31 % were informative. Third positions of codon
were most variable, whereas second positions were least variable (Table 2). The mtDNA CO II sequences of the seven
species of Agrioglypta and Talanga had high proportions (77%) of A + T, with A + T bias particularly pronounced (94%)
at the third position (Table 3).

Estimated sequences divergence
Since the existence of substantive composition bias (0.366 A, 0.119 C, 0.109 G and 0.0409 T) occurred in the nucleotides,
the Tamura and Nei (1993) method was applied to estimate nucleotide divergence for all pairwise combination of the
seven species of Agrioglypta and Talanga (Table 4, above the diagonal). Distances based on all substitutions range from
1.48% to 9.13% for comparison within the Agrioglypta and 3.36% to 5.94% within Talanga.

The ratios of transitions to transversions for all pairwise species comparison range from 0.534 to 4.00. The
highest ratios are between closely- related species: for example A. itysalis (Walker) - A. excelsalis (Walker). The lower
ratios are for comparison between the genera.

Phylogenetic analyses of mtDNA CO II sequences

An exhaustive search using equal weighting of all nucleotides substitutions resulted in a single MP tree (length= 236,
CI=0.805, and RI=0.589) which is similar to the tree resulting from analysis of the morphological data (Fig. 1B). When
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transversions only were included, there were two MP trees which differed only on the position of 4. eurytusalis. The
topology of the first tree was exactly similar to the MP tree resulted from the morphological data, whereas in the second
tree, A. eurytusalis occupied the basal of the genus Talanga and separate from the rest of Agrioglypta. The strict consensus
tree of these two MP trees is presented in Fig. 1C. When substitution weighting was applied to the analyses, giving
transversion from twice to five times the weight of transitions, the analysis resulted in the same topology as the MP tree
from morphological data as well as when giving the first codon position was weighted from twice to five times the weight

Figures 1 A-D. MP trees: (A) based on morphological data, (B) based on CO II using all

S. cancelallis
M. aureodiscalis
A. eurytusalis

A. naralis

— A. itysalis

A. excelsalis

T. tolumnialis

T. sexpunctalis

T. sabacusalis

S. cancelallis
M. aureodiscalis

A. eurytusalis
A. naralis

A. itysalis

A. excelsalis

T. tolumnialis

T. sexpunctalis

T. sabacusalis

61 100
85
53
59 TL=236
RI=0.55
76 100
96
68
92 TL=262
CI=0.69
o8 RI= 0.68

substitution, (C) only transversion (a strict consensus of the two MP trees), (D) combination
morphological data and CO II using all substitution. Bootstrap values (percentage of 1000

replicates) are shown at each node of MP tree. In the MP trees, total tree length (TL),
consistency index (CI), retention index (RI) are also shown.

of other codon position.

When mtDNA CO II sequences were translated into amino acid, 21 (9.1 %) of 229 amino acids were variable
across the 9 sequences. Since only 14 of these variable positions were informative, an exhaustive search resulted in 12
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MP trees that agreed only on the clade formed by A. itysalis and A. exelcalis.

Combination of the two data sets, morphology and mtDNA CO II gene with equal weighting or only transversion
data included in the analysis, resulted in a single MP tree with similar topology from those based on separate data. The
MP tree based on combination of the two data sets with the bootstrap support value shown is presented in Fig. 1D.

Table 2. Percent variable sites by codon position, across Talanga, Agrioglypta and

two outgroup species

1*-codon 2"_codon 3"_codon
Constant (%) 86 94.7 47.1
Uninformative (%) 7 2.6 33.6
Informative (%) 6 2.6 19.2
No of sites 229 229 229

Table 3. Proportion of each nucleotide in protein coding regions (by codon position) in

the CO Il region
Codon position
First Second Third Mean
A 0.2882 0.3643 0.4376 0.3664
C 0.1761 0.1407 0.0402 0.1190
G 0.1256 0.1824 0.0174 0.1085
T 0.4100 0.3124 0.5046 0.4090

Table 4. Interspecific divergence in CO II gene sequences in the Agrioglypta and

Talanga

Species 1 2 3 4 5 6 7 8 9
1. 8. cancelallis 12.46 10.52 9.66 9.82 12.07 11.35 10.99 11.17
0.673 0.941 0.967 1.00 1.313 0.919 0.816 0.892
2. M. aureodiscalis  6.41 14.77 13.45 13.42 1571 15.69 14.53 15.19
14 0.607 0.566 0.566 0.696 0.610 0.534 0.736
3. A. eurytusalis 593 8.85 6.17 582 9.13 631 599 7.64
13 19 1.105 1.00 1.591 0.952 0.95 0.96
4. A. itysalis 6.89 9.85 222 148 6.09 6.62 515 6.14
15 21 5 4.00 2.546 0.954 0.619 1.00
5. A. excelsalis 6.89 9.85 222 0.80 538 6.60 452 6.29
15 21 5 2 1.692 0.792 0.429 0.864
6. A. naralis 6.89 9.85 405 267 267 9.38 795 8.56
15 21 9 6 6 1.185 0.821 1.348
7. T. tolumnialis 593 885 222 222 222 3.3 336 594
13 19 5 5 5 7 3.400 2.167
8. T sexpunctalis 593 885 222 17.7 177 2.67 044 4.26
13 19 5 4 4 6 1 1.154

9. T. sabacusalis 593 885 3.13 267 267 177 132 088
13 19 7 6 6 4 3 2

a. Above diagonal pairwise DNA sequences divergence are given (substitutions/100
sites; Tamura and Nei method) (top no. in each entry) and transition/transversion
ratio (bottom no. in each entry).

b. Below the diagonal amino acid divergence are given (inferred replacement/100
codons) (top no. each entry) and number of replacement (bottom no. in each

entry).
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DISCUSSION
Phylogeny of Agrioglypta and Talanga
The result of the present study showed that the genus Agrioglypta is a paraphyletic group while Talanga is a monophyletic
group. This result agreed in general with Shaffer ef al.‘s (1996) opinion except for the position of 4. eurytusalis which is
separate from the three remaining species of Agrioglypta, and therefore, this genus was shown to be paraphyletic. Shaffer
et al. (1996) listed three of the four species of Agrioglypta included in the present analysis in the checklist of the Australian
Lepidoptera in a possible sequence of divergence: 4. eurytusalis as the most primitive and the two species A. itysalis and
A. excelsalis as the more derived.

The monophyly of Talanga is well supported by at least 10 synapomorphic morphological character states and
10 molecular substitutions. The bootstrap test also showed that this genus has high support (98%) on the MP tree
resulting from the combination of the two data sets. This indicates that there is enough evidence to be confident that this
genus is a good monophyletic group. The relationships among the three included species is clearly resolved with 7.
sexpunctalis, the hypothesized sister species of T. tolumnialis and T. sabacusalis as sister group to the other two species.

The present study showed that the two data sets, morphology and mtDNA CO II gene, produced similar topology
in inferring the relationships of the two genera, Agrioglypta and Talanga. These two data sets provide the strongest
achievable evidence that this proposed phylogeny is accurate. It is well accepted that when several independently derived
data sets agree, producing the same cladogram, it means that the result has high confidence (Miyamoto and Cracraft,
1991).

Variation in substitution frequencies in the mtDNA CO II genes

The extreme bias in base composition appears to be typical of the mtDNA CO II gene in insect; in 13 species representing
10 different orders, the mean proportion of A+T at third base positions in the CO II gene is 87% (Liu and Beckenbach
1992). The present study also revealed a similar phenomenon (94%) which is comparable also with other lepidopteran
(Brown et al., 1994). The bias in base composition is greatest at the third-base positions, perhaps because first- and
second-base positions are more constrained by the amino acid composition of the encoded protein. De Salle et al. (1987)
stated that this assumes that there is continuous selection for A+T nucleotides, which is opposed by selection against
some nonsynonymous substitution which increase the representation of A or T but have deleterious consequences for
protein functions.

The discovery of strong transition bias of the mtDNA CO II gene in Agrioglypta and Talanga moths is consistent
with observations from several groups of closely- related species and within species of insects (e.g. Beckenbach ef al.,
1993; Sperling and Hickey, 1994; Brower and De Salle, 1998; Kim et al., 1999). The strong bias for transitional substitutions
is present in pairs of closely- related species, with a loss of this bias in those more distantly- related species, presumably
due to strong biases in both base composition and substitution patterns.

All the findings in the present study may allow us to treat the three clades [(A4. eurytusalis, (A. itysalis + A.
excelsalis + A. naralis), and (T. tolumnialis + T. sexpunctalis + T. sabacusalis) as independent genera, or to synonymize
Talanga with Agrioglypta. However, such nomenclature change should be made only after an analysis with additional
species from wider range of distributional areas to avoid a further production of paraphyletic taxa or production of very
many genera, each consisting of a small number of species.
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Appendix 1. Data matrix for morphological characters

Species No. of Characters

1 6 11 16

S. cancelallis 00000 00000 00000 00000

M. aureodiscalis 00000 00000 00000 00000

A. eurytusalis 11101 1?11? 0?0?0 0?7000
A. exelsalis 12100 11111 01010 00110
A. itysalis 12100 11111 01010 00110
A. naralis 11100 11111 01010 00110
T. sabacusalis 11110 11122 12121 01101
T. sexpunctalis 11111 11122 12121 11101
T. tolumnialis 11111 11122 12121 11101
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ABSTRACT

The long-term study of bats was carried out on March 2000 to July 2001 in Lore Lindu National Park, Central
Sulawesi, Indonesia. All 11 major vegetation types and 8 major land system types an altitudinal range of around
200 to up 2355 meters ASL and habitat types was describe as combination of them were surveyed using the same
standardized mist netting. The survey site was sampled for 4 days using 5 mist-nets a night for a total of 20 mist-
nets night/each location. The total of 31,233.6 m? of mist-nets night area were set during this survey.

A total 16 species of Megachiroptera (fruit bats) and six Microchiroptera (insectivorous bats) have been
identified in the Park. A total of 3822 bats were captured in these nets at an average capture rate of 12.24 individuals
/100 m*/night. The highest Fisher alpha diversity index for habitat diversity for bats was laid in the Marsh vegetation
type, Lower Montane Forest on Bukit balang habitat type, or in the elevation 1200-1499 m ASL. There also
appeared to be a trend for the bat species to partition resources along the altitudinal gradient, such that peak
relative abundances of bats were spread out between the various altitudinal groupings in the Park.

To assist prepare management strategies for the Park it is important, in addition to considering species
diversities and species abundance in the various altitudinal, vegetation, habitat or land system types, because they
contain very similar assemblages of bats.

INTRODUCTION
Lore Lindu National Park (LLNP) has a total area of approximately 231,000 ha; it is one of the biggest National Park in
Sulawesi. The Park has a rugged topography with an altitudinal range of around 200-2355 m Above Sea Level (ASL)
and theyire laid at 10 land system types and 11 major vegetation types (Lore Lindu National Park 2001). Wirawan (1981)
identified that national park generally mountainous with 90% of the park area being above 1000 meters ASL; the area
below 1000 m is found along the western and northern boundaries of the park. Furthermore, Bynum (1999) classified that
the lowland forest in Lore Lindu have five significant variables that are best at detecting anthropogenic disturbance in the
low land. Those are stumps, exotic trees rattan>3 meters, rattan<3 meters, and moss line. Musser and Dagosto (1987)
stated that more than 1300 m ASL in Central Sulawesi, the lowland evergreen forest gives way to lower montane rain
forest, decreases in canopy height, species diversity, buttressed trunks, woody climbers and ambient temperature. Whitmore
(1984) argued that the decreasing of the biologically diversity generally along with increasing elevation

Little was known of the chiropteran (bat) fauna in the Park prior to the 2000-2001 surveys. However, Sulawesi
and closely related smaller islands is known to be rich in pteropodid (fruit bat) species with at least 21-26 species having
been recorded, including several endemic species (Bergmans and Rozendaal, 1988; and van Strien, 1986; Suyanto et
al.1997). All these studies indicated a general absence of habitat types preferred by these bats and any detailed information
on their distribution, particularly along altitudinal gradients, habitat, and land system and vegetation types. Heaney et al.
(1989) and Medway (1972) reported that the species richness of pteropodid fruit bats in Southeast Asia typically decreased
at higher elevations. This is also the situation in Lombok Island and elsewhere in the Lesser Sunda, Indonesia (Gunnel
et al.1996; Kitchener 1998).

These paper reports on observations and interpretations of diversity of bat based on elevation, habitat, vegetation
and land system type categories.

METHODOLOGY

Sampling areas

The bats survey of the Park was carried out March 2000 to July 2001. A total of 40 sites representative of the geography
and vegetation of the Park were sampled for mammals. Their location is shown in Table 2. Each of the mist nets were
geolocated using Garmin 12 GPS units, and the altitude of the plot recorded using an altimeter. All 11 major vegetation
types and 8 major land system types were surveyed using the same standardized.
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Vegetation types surveyed were:
- Cloud forest,
- Upper montane,
- Montane,
- Lower montane,
- Lower montane moist,
- Marsh,
- Mix garden,
- Monsoon,
- Swamp forest,
- Low land forest, and
- Degraded lowland forest.

These vegetation types lay on eight-land system types that are classification by RePPProt (1989) (Table 1). The
habitats represent also the eight major land systems (Table 1) and vegetation that lain in altitudinal range of 350 to up
2100 meters ASL.

Seven altitudinal groupings recognized for later interpretation of both the mammal species and assemblage
distributions. These were: 300-599 m, 600-899 m, 900-1199 m, 1200-1499 m, 1500-1799 m, 1800-2099 m and up 2100
m ASL.

Table 1.Land system types in Lore Lindu National Park

Land System Type Land and Rock Types

Telawi (TWI) Precipitous oriented mountain ridges on acid igneous rocks,
granite, granodiorite, rhyolite.

Bukit Balang Irregular mountain ridges on intermediate basaltic,

(BBG) volcanics, andesite, basalt breccia

Kototinggi (KTT)
Bukit Baringin (BBR)

Moderately sloping non volcanic alluvial fans

Very steep ordered hills on acid igneous rocks, rhyolite,
granite

Bukit Pandan (BPD)

Precipitous oriented metamorphic ridges, quartzite,

schist, gabbro, granite, serpentinite

Pendreh Assymetric broadly dissected ridges on sandstone and
(PDH) mudstone

Batang Anai (BGA) Long very steep ridges over metamorphic rocks

Lindu (DLU) Lacustrine Plains

Capture techniques

Bats were recorded using standard monofilament mist nets. The total 40 survey sites were already done in that national
park and each location of survey site was sampled for 4 days using 5 mist-nets a night for a total of 20 mist-nets night.
The mist nets used were made of polyester 75d/2 ply and 31mm and all were set in the lower canopy or 6 to 20 meters
above the ground. The nets used most commonly had four shelves and varied in length from 6, 9, 12 and 18 meters; all
were 2.7 meters high. On occasions, smaller nets were used in caves. Nets were frequently changed positions between
nights because of the facility of bats to recognize their position after initial contact with a net.

Trapping sites were visited two times 9.00 PM and every morning.

Data analysis

Indices of species diversity used were: Simpsonis, Shannon, and Fisher’s a (Krebs 1989). The results of the survey were
entered into a Microsoft Access database linked to an Arcview 3.2 geographical information system. Diversity indices
were calculated using an Ecological Methodology computer package was produced using calculations from NTSY Spc
2.10p.
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Table 2. Bats survey locations.

Location Altitude range
Survey Site name Vegetation Type (m) Landsystem
Baku bakulu Bbakulu Degraded forest 850-1055  TWI
Dodolo Dodolo Montane 1500-1600 BBR
Hanggira 1 Hanggiral  Cloud Forest 212-2250  TWI
Hanggira 2 Hanggira2  Montane 1520-1755 TWI
Kadidia 1 Kadidial Lower Montane 665-820 TWI
Kadidia 2 Kadidia2 Lower Montane 730-865 PDH
Kamarora Kamarora  Lowland 640-700 TWI, KTT
Kanawu 1 Kanawul Swamp Forest 995-1005 DLU
Kanawu 2 Kanawu2 Lower Montane 1040-1050 PDH
Kanawu 3 Kanawu3 Lower Montane 1070-1420 PDH
Kanawu 4 Kanawu4 Upper Montane 1655-1835 PDH
Lempe 1 Lempel Cloud Forest 2000-2120 TWI
Lempe 2 Lempe2 Cloud Forest 2000-2135 TWI
Lindu 1 Lindul Mixed Garden 910-1065 TWI, DLU
Lindu 2 Lindu2 Lower Montane 985-1170  TWI
Lindu 3 Lindu3 Marsh 984-990 DLU
Lindu4 Lindu4 Swamp Forest 990-1000 DLU
Nokilalaki 1 Nlalakil Upper Montane 1605-1914 TWI
Nokilalaki 2 Nlalaki2 Lower Montane 795-1420 TWI
Nokilalaki 3 Nlalaki3 Cloud Forest 1905-2290 TWI
Pointoa Pointoa Upper Montane 1810-2005 TWI
Rorekatimbu 1 Rkatimbul  Upper Montane/Cloud 1895-2015 BPD, TWI
Rorekatimbu 2 Rkatimbu2  Upper Montane/Cloud 1990-2520 BPD, TWI
Rorekatimbu 3 Rkatimbu3 Montane 1695-1980 TWI
Rompo Rompo Upper Montane - moist 1195-1200 BBR
Sibalaya 1 Sibalayal =~ Monsoon 345-620 TWI
Tababuru 1 Tababurul Lower Montane 1100-1190 BBR,TWI
Tababuru 2 Tababuru2  Lower Montane 890-1090 BBR
Uwebiro 1 Uwebirol Montane 1300-1320 BBR
Uwebiro 2 Uwebiro2  Montane 1195-1250 BBR
Watubose Watubose  Lower Montane 815-965 BBG
Watumaeta Watumaeta Lower Montane 1185-1195 KTT
Whuasa 1 Wuasal Lower Montane 1230-1500 BBR
Wuasa 2 Wuasa2 Montane 1384-1515 BBR
Toro 1 Toro 1 Montane 1455-1510 BPD
Toro 2 Toro 2 Upper Montane 1600-1970 BPD,TWI
Bulu Kalumea 1 Kalumeal Montane 1545-1675 BGA
Bulu Kalumea 2 Kalumea2 Upper Montane 1710-1950 BBR
Ooperese Ooperese Low Land 600-745 BGA
Tuare Tuare Lower Montane 790-1135 BGA

RESULTS

Chiroptera (bats) captured

Total 16 species of Megachiroptera (fruit bats) and six Microchiroptera (insectivorous bats) have been identified in the
Park. This included an unidentified Rousettus. We have since described the Rousettus as a new species (see attachment).
The taxonomic status of the Thoopterus is under review.

Megachiropterans caught in this Park were:

e Cynopterus brachyotis (Mueller, 1838)

* (. luzoniensis (Peters, 1862).

e C. minutus Miller, 1906.

*  Chironax melanocephalus (Temminck, 1825).
e Dobsonia exoleta Andersen, 1909.

e Thoopterus nigrescens (Gray, 1870).

*  Nyctimene cephalotes (Pallas, 1767).

*  Pteropus alecto Temminck, 1837.

e Styloctenium wallacei (Gray, 1866).

*  Rousettus amplexicaudatus (Geoffroy, 1810).
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Figure 1. Map of the small mammalis survey locations

R. celebensis Andersen, 1907.

R. linduensis sp. nov. Ibnu Maryanto and Mohamad Yani (2001).
e Boneia bidens Jentinck, 1879.

e Fonycteris spelaea (Dobson, 1871)

*  Macroglossus minimus (Geoffroy, 1810)

*  Harpyionycteris celebensis Miller and Hollister, 1921

The microchiropterans were rare in the Park. Some were mist netted in the forest and some collected in caves. They
comprised the following species:

* Rhinolophus celebensis Andersen, 1905.

*  Rhinolophus sp.

* Hipposideros diadema (Geoffroy, 1813).
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*  Megaderma spasma (Linnaeus, 1758).
*  Myotis adversus (Horsfield, 1824).
* Pipistrelus javanicus (Gray, 1838).

The latter species unfortunately died in the cage traps before they could be released.

Trapping Effort

A total 0f 31,233.6 m? of mist-nets night were set during this survey. A total of 3822 bats were captured in these nets at an
average capture rate of 12.24 individuals /100 m?/night. This catching effort for each ltitudinal grouping, vegetation and
habitat types is presented in Table 3a-d, respectively. The tables showed that Rousettus celebensis and Thoopterus
nigrescens were the most abundant bats by far throughout the Park.

Altitudinal grouping:
The greatest relative abundance of bats was 15.75 individuals between 1800-2100 m ASL. However, the highest numbers
of species (19) was between 900-1200m.

There is also a trend for the maximum relative abundance of species to occur at different altitudes, perhaps
suggesting some measure of resource partitioning by this bat community. The greatest overlap is at the altitude between
600-900m where six species attain their maximum abundance. For example, maximum abundances of Cynopterus

Table 3a. Relative index of abundance of bat species in LLNP for each altitudinal

grouping (numbers caught/100 m? mistnets/night).

Species Sex Altitude grouping (m, ABL)
300-599 600-899 900-1199 1200-1499 1500-1799 1800-2099 >2100

MEGACHIROPTERA

Boneia bidens Female 0.01 0.16
Male 0.02
Chironax melanocephalus Female 0.10 0.06 0.06 0.05
Male 0.08 0.09 0.24 0.07
Cynopterus brachyotis Female 0.04
Male 1.29 0.72 0.43 0.04 0.02
Cynopterus luzoniensis Female 0.84 0.53 0.04 0.02
Male 0.66 0.30 0.02
Cynopterus minutus Female 0.51 0.26 0.12 0.02
Male 0.26 0.28 0.20 0.02 0.02
Dobsonia exoleta Female 0.26 0.18 0.25 0.02
Male 0.30 0.15 0.02
Eonycteris spelaea Female 0.02
Harpyionycteris celebensis Female 0.12 0.06 0.06 0.16 0.07
Male 0.02 0.07 0.1 0.05 0.07
Macroglossus minimus Female 0.26 0.32 0.53 0.28 0.30 0.13 0.25
Male 0.30 0.25 0.33 0.19
Nyctimene cephalotes Female 0.04 0.02 0.02 0.02
Male 0.02 0.04 0.02
Pteropus alecto Female 0.01
Rousettus amplexicaudatus ~ Female 0.77 0.08 0.01
Male 0.08
Rousettus celebensis Female 5.66 5.06 3.46 0.69 0.44 0.04
Male 2.06 3.21 2.27 0.35 0.26
Rousettus linduensis Male 0.04
Styloctenium wallacei Female 0.26 0.02 0.02
Male 0.03 0.02
Thoopterus nigrescens Female 0.51 0.94 1.37 1.88 6.46 771 511
Male 0.51 1.59 1.35 1.82 6.04 751 287
Microchiroptera
Hipposideros diadema Female 0.01
Male 0.02
Megaderma spasma Male 0.01 0.04
Murina sp Male 0.02
Myotis adversus Female 0.04
Male 0.08
Pipistrellus javanicus Female 0.04
Male 0.04
Rhinolophus celebensis Female 0.01 0.04 0.02
Male 0.02
Rhinolophus sp Female 0.01

GTotal 1235 15.35 11.71 6.18 1454 15.75 8.23
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Table 3b. Relative index of abundance of bat species in LLNP for each vegetation types (numbers caught/100 m? mistnets/night).

Species Sex Marsh Lower Low. Monta- Lowland Montane Upper  Swamp Degraded Monsoon Mixed Cloud
Montane ne Moist Forest Montane  Forest Lowland Garde
n
Megachiroptera
Boneia bidens Female 0.14
Male 0.15 0.02
Chironax melanocephalus Female 0.07 0.39 0.11 0.06 0.04
Male 0.17 0.39 0.08 0.08 0.06
Cynopterus brachyotis Female 0.02
Male 0.15 0.40 0.90 0.93 0.02 0.02 0.28 1.03 0.91
Cynopterus luzoniensis Female 0.46 0.39 1.31 0.02 0.28 1.26 0.46 0.76
Male 0.31 0.34 0.13 1.15 0.06 0.57 011 0.11
Cynopterus minutus Female 0.09 0.39 0.33 0.02 0.23 0.69 0.22
Male 0.12 0.13 0.55 0.02 0.02 0.17 0.57 034 (0.33
Dobsonia exoleta Female 0.62 0.08 0.38 0.02 0.06 0.23 0.11 1.53
Male 0.31 0.06 0.60 0.02 0.11 0.23 0.98
Eonycteris spelaea Female 0.05
Harpyionycteris celebensis Female 0.07 0.16 0.12 0.14 0.11 0.1
Male 0.06 0.13 0.14 0.04 0.17 0.04
Macroglossus minimus Female 2.31 0.26 0.13 0.60 0.29 0.16 1.1 0.91 0.11 0.22 011
Male 0.93 0.16 0.13 0.49 0.29 0.06 0.83 0.23 0.1
Nyctimene cephalotes Female 0.02 0.05 0.02 0.11 0.1
Male 0.15 0.03 0.05 0.11
Pteropus alecto Female  0.15*
Rousettus amplexicaudatus ~ Female 0.01 0.16 0.11 0.34
Male 0.03 0.11
Rousettus celebensis Female 0.77 2.36 0.26 8.08 0.75 0.08 4.32 9.37 480 7.65
Male 2.31 1.59 0.51 5.30 0.23 0.20 3.43 3.09 2.06 4.26
Rousettus linduensis Male 0.22
Styloctenium wallacei Female 0.01 0.02 0.06 0.11
Male 0.01 0.11 0.11
Thoopterus nigrescens Female 0.15 1.40 1.80 0.7 3.75 8.30 1.05 1.49 046 208 4.65
Male 0.15 1.42 231 0.66 3.75 7.25 1.22 2.63 069 361 4.65
Microchiroptera
Hipposideros diadema Female 0.01
Male 0.01
Megaderma spasma Male 0.04 0.06
Murina sp Male 0.02
Myotis adversus Female 0.02
Male 0.04
Pipistrellus javanicus Female 0.04
Male 0.04
Rhinolophus celebensis Female 0.01 0.02 0.04
Male 0.02
Rhinolophus sp Female 0.12*
G.Total 849 945 799 2169 9.75 16.59 13.67 22.06 11.32 22.29 9.48

brachyotis, Cynopterus luzoniensis, Macroglossus minimus, Chironax melanocephalus, and Thoopterus nigrescens were

recorded at 300-599, 600-899, 900-1199, 1200-1499 and 1500-1799 m ASL, respectively (Table 3)

Vegetation types:

The greatest relative abundance of bats was in Lowland Forest, including Degraded Forests (index, 21,69 and 22.06,
respectively) and Mixed Gardens (index, 22.29) with Rousettus celebensis dominant (index, 13.38, 12.46 and 11.91
respectively). The greatest number of species (16) was recorded in Lower Montane Forest. (Table 3)

Land systems:

The Kototinggi Land system type had the highest relative abundance of bats with an index of 16.66. However, the
number of species in that land system was less (12) than was recorded in the Danau Lindu and Telawi systems, which
have 15 and 14 species, respectively. (Table 3)

Habitat types:
Lowland Forest on KTT had the highest relative abundance of bats with an index of 46.64. However, Lower Montane
Forest on PDH had the highest species richness (13 species). (Table 3)

Species diversity

Diversity measures required for estimating of species importance in the community. There are many methods to measure
of diversities in the community like Simpsonis, Shannon and Fisher’s a. Three indices gave similar results, however for
anticipated large number of specimens that are informed that some of few common species were abundance or inverse
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that are rare; we used Fisher’s a for measured the diversities in the every elevation, vegetation, habitat land system. For
comparing we also measured diversities by Simpsonis and Shannon methods.

Diversity in Altitude Groups:
The bat fauna shows little change in Fisher’s a diversity between altitudes of 300 and 1500 m (index 2.74-3. 239);

however above about 1500 m their diversity declined to 1.698 and reached a low value of 1.08. Only two species of bats
were recorded above 2100m and we cannot to detect diversities by Fisher’s a (Table 4, Figure 2).

Table 4a. Bat diversity against altitudinal range types
300_599 600_899 900_1199 1200_1499 1500_1799 1800_2099 >2100

N 8 13 19 15 10 7 2
Sum 48 7 1294 329 611 703 66
Simpson’s 0.60 0.67 0.69 0.61 0.21 007  0.06
Shanon 1.91 2.27 2.32 2.00 0.76 029 020
Fisher's alpha 274 222 3.16 3.24 1.70 1.08
Fisher's alpha 0.74 0.07 0.30 0.41 0.22 0.02

ST error

Table 4b. Bat diversity against vegetation types
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Table 4c. Bat diverstity against land system types
BGA BBG BBR BPD DLU KTT PDH TWI

N 1 1 15 7 15 1" 13 14
Sum 327 73 537 148 369 253 403 1712
Simpson 066 072 048 032 069 074 066 0.59
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Fisher's alpha 220 360 286 1.65 3.14 235 257 2.09

Fisher's alpha ST error 031 079 033 031 039 035 0.33 021

Table 4d. Bat diverstity against habitat types
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Figure 2. The comparing Fisher alpha, Shanon-Wiener and SimpsonAfs diversity index based on (a) altitude
range, (b) vegetation types, (¢) Land system type and habitat types.

Diversity in Vegetation types:

A fishers alpha diversity indices shows that the highest bat diversity is in Marsh (3.054). But, the diversity over most
vegetation types is similar (ranging from 1.926 to 2.778). Only in upper montane and cloud forest is there a marked fall
off of diversity to an index of 1.442 and 0.668 respectively. The Simpson index values mirror those presented as do those

of Shannon- with the exception that Shannon also showed a decline in the lower montane (Table 4, Figure 2).
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Table 5. Linear regression and correlation coefficients calculated between pair of Simpson’s

Shannon and Fisher's a indices

Shannon Fisher's a

Altitudinal

Simpson’s Y=3.26X+0.03; R>=0.99  Y=2.85X+1.01; R*=0.78

Shannon Y=0.87X+0.96; R*= 0.77
Vegetation

Simpson’s Y=3.09X+0.07; R*=0.98 Y=2.40X+0.96; R*=0.73

Shannon Y=0.78X+0.89; R*=0.74
Habitat

Simpson’s Y=3.08X+0.04; R= 0.98 Y=2.86X+0.54; R>=0.77

Shannon Y=0.95X+0.47; R*=0.81
Land system

Simpson’s Y=2.91X+0.15; R*= 0.95 Y=2.49X+1.04; R?=0.31

Shannon Y=0.95X+0.69; R*=0.42

Diversity in Habitat Types:

The diversity using Fisheris alpha was low, ranging (0.585 to 3.596). The highest diversity is in Low Montane Forests
BBG, while the lowest is in Upper Montane PDH. On the cloud forest BPD, we cannot to account of diversity index
because we catch only one species and six individuals. The Simpson and shanon index of the highest and lowest index
values mirror to those Fishers alpha (Table 4, Figure 2)

Diversity in Land system:

Modify along the lines recommended above. The lowest indices at Bukit Pandan for bat across land system types are
fairly similar. Furthermore the highest indices for bat at Kototinggi for Simpsonis and Shannon and at Bukit Balang for
Fisher’s a indices (Table 4, Figure 2).

DISCUSSION

Whitmore (1984) observed that diversity in tropical plant rain forest decrease with increasing elevation. Heaney ef al.
(1989) and Medway (1972) also showed that diversity of Pteropodid fruit bats also typically decreased at higher elevations.
Little is known in Indonesia of changes in either species richness or species diversity of mammals with the increasing of
altitude. Gunnel et al. (1996) reported that in Lombok Island, Nusatenggara, Indonesia, bat species diversity declined
between 200 - 400 m.

This trend bat diversity is lowest value in the Cloud Forest. The highest for habitat diversity for bats was in
Marsh in Danau Lindu land system type, Lower Montane Forest on BBG (elevation 1200-1499m ASL). It is interesting
that on highest bat diversity is in Marsh and Montane Forest respectively. At the Marsh habitat that are very few for
plantation, its possible that habitat as primer roosting place for bat and differ with montane forest for feeding ground.

The three diversity indices used in this study (Fisher’s a, Simpsonis and Shannon-Weiner indices) did not always
indicate the same trends in diversity, although in general they did so. Indeed, correlation coefficients calculated between
pairs of indices for each of the four datasets generally show weak association, with R? values typically higher than 0.7
except for association between Simpson, Shanon cross by Fisher’s a indices for the land system dataset have R? = 0.31
and R?= 0.42 respectively. Furthermore that, actually the bat flight havenit based on land system type but it is flight
based on vegetation, altitudinal range or habitat that are have height correlation association in the value of indices.

Six teen (16) fruit bats were collected, but even with this large sample, in some altitude groups or vegetation,
land system or habitat types a single animal represented some species that were trapped. Also, because of the timeframe
of this study, it is unlikely that the mammal census in any of the sites surveyed is complete. It can be argued on the basis
of a discussion of the major indices in Krebs (1989) that Fisheria method of estimating diversity is appropriate but really
concordance between the various methods used in this study is the most reliable estimate that trends may be biologically.
In this study, while three were observed between the three methods of estimating species diversity, overall the trends
were similar. Furthermore, by mist-netting approach used in this study indicated that the value of standard error of
Fisher’s a indices very low and it was perhaps the Fisher’s a appropriate method to apply to our data

For example, the highest diversity for bats using Fisheri a was at 1200-1499 ASL, in the Marsh vegetation type,
BBG land system type and Lower Montane BBG habitat type by the standard error for each type categories were 0.41,
0.76, 0.78 and 0.78, respectively. However, in Marsh diversity indices peaked using both Simpson and Fisheri a diversity-
but not with the Shannon index, which peaked in the altitude grouping 600-900 m. Peet (1974) stated that the Shannon
index was most sensitive to changes in the abundance of rare species and de-emphasized the importance of common
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species. Because rare species are probably poorly sampled by the trapping approach used in this study, the Shannon index
was the least appropriate method to apply to our data.

The difference between the standard errors range of the estimates of the values for species diversity of bats
compared to rodents undoubtedly relates to the fact that far fewer individuals of each species of rodent were collected
than was the case with bats. With bats, the evenness factor was much higher in the numbering of sample (Ibnu Maryanto
and M. Yani 2001).

Furthermore, bat extensive fruit bat assemblage, which tend to be generalist feeders and live in a wide variety of
situations in the Park nevertheless depend on the timing of fruiting and flowering of tree and shrub species throughout the
Park. Perhaps this is one of the reasons that we were able to detect that altitude appeared to be a more important factor
associated with bat species diversity than vegetation, habitat or land system types. Our data shows that the bat assemblage
is clearly divided into those species that occur above and below an altitude of 1800 m ASL- and that few species bats live
in the Cloud Forests at the highest altitudes. There also appeared to be a trend for the bat species to partition resources
along the altitudinal gradient, such that peak relative abundances of bats (Table 3) were spread out between the various
altitudinal groupings in the Park. For example, the peak relative abundance of Cynopterus luzoniensis was at altitude
600-900 m ASL while that of Macroglossus minimus was at 900-1199 m ASL. Interestingly, the relative abundance of
the two most dominant species was significantly associated when related to altitudinal groupings (r= 0.99. P<0.05) with
Rousettus celebensis more dominant below 1200m and Thoopterus nigrescens more dominant above 1200m.
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Fauna of Cerambycid Beetles from Gunung Halimun National Park

Woro A. Noerdjito*, Hiroshi Makihara** and Sih Kahono*
*Bidang Zoologi, Puslit BiologiLIPI, **FFPRI, Tsukuba, Japan

ABSTRACT

More than 500 specimen about 128 species cerambycid beetles collected by Museum Zoologicum Bogoriense
(MZB=Bidang Zoologi, Puslit Biologi-LIPI) in 1997-2002 from Gunung Halimun National Park (GHNP),100 species
(78%) were identified. Of this species treated, 47 species (47%) are endemic in Java. From 53 non endemic Java
species live in GHNP, 38 (38%) occur in Sumatera, 40 (40%) in Kalimantan, 20 (20%) in Malay Peninsula, 7 (7%)
in Thailand, 10 (10%) in Laos, 5 (5%) in Sulawesi, 4 (4%) in Philippines and 1 (1%) in PNG. Compare with them
small areas in Sumatera (Benakat) and Kalimantan (Campus Univ. Mulawarnan, Samarinda, Bukit Suharto and
Bukit Bangkirai) which are already well known, Cerambycid fauna in GHNP differs much. It is supposed two
reason: (1) GHNP is highland (1000-1500 m asl), while this areas in Sumatera and Kalimantan are lowland (less
than 100 m above sea level). (2) Cerambycid fauna of Java is different them of Sumatera and Kalimantan. To
clarify in these points, we should survey on cerambycid beetles in lowland Java.

INTRODUCTION

Gunung Halimun National Park is the largest and last submountane tropical rain forest in Java. The park is known as one
of the best biologically conserved area in Java which is assumed to support high diversity of flora and fauna. Since the
Biodiversity Diversity Conservation Project in Gunung Halimun National Park was started in 1995, many biological
researches have been carried out under the projects (see publications in the series of Research and Conservation of
Biodiversity in Indonesia). Although the diversity in the number of species and life forms or ecological roles in tropical
forests as well as in any biota on the earth is most striking in insects, a few investigations have been done on the insect
fauna in Gunung Halimun National Park (Ubaidillah et al., 1998).

Among insect orders, the Coleoptera is one of the four largest orders in terms of species and shows the most divergent life
forms. There are 350 000 named species of Coleoptera in the world, more species than there vascular plants or fungi and
90 times as many as there are mammals. Beetles occupy virtually every non-marine habitat in the world and are enormously
diverse in structure and in size; the larges of them (The Cerambycidae Titanus giganteus from South America and Xixuthrus
heros from Fiji) attain a length of 200 mm, almost 800 times greater than that of the smallest ones (Nanosella and related
genera in the family Ptiliidae) (Lawrence and Britton, 1994).

During the last two years (started in March 2000) intensive and regular collections of insects have been made on and
around the canopy trail in the Research Station at Cikaniki, Gunung Kendeng and Gunung Botol, in the Gunung Halimun
National Park using various traps, such as the light, Malaise, yellow-pan, window, and pitfall traps. The study site, time
and collecting method indicated in Table 1 and Figure 1, and the specimens preserve and accumulated in the collection of
the Zoology Division, Research Center for Biology - LIPI, were sorted out to the family-level according to (Lawrence
and Britton, 1994).

The cerambycid beetles consist of three families, Disteniidae, Vesperiidae and Cerambycidae in Asia. Among them, the
family Cerambycidae constitutes one of the largest groups of wood boring insects. Of approximately 35,000 species that
have been described, most are wood scavengers, but many are injurious to living forest, plantations, orchid trees and
shrubs. That is cerambycid beetles are typical forest insect. Did the environmental changes influence to the cerambycid
fauna? We try to constraction with cutting and removing tree for food of Cerambycidae (Artocarpus sp. and Ficus sp.) to
explain the impact of human activities and environmental condition at surrounding Gunung Halimun National Park.

MATERIALS AND METHODS

Materials examined were MZB collection from Gunung Halimun National Park from during 1997-2002, with the most
material from intensive and regular collections (started in March 2000) concentred in Cikaniki and Gn. Botol area. The
Cerambycid specimens mostly collected by Malaise, light, hanging trap with chemical atractants, and bait (branch
Arthocarpus sp., Ficus sp. and Pasiflora sp. cutting) traps and Beating methods. The distribution of traps and time setting
in the intensive collecting shown in Fig.1 and Table 1.

RESULTS AND DISCUSION

Until now we notes 150 species of cerambycid beetles collected from Gunung Halimun National Park and 128 species
shown in (Makihara and Noerdjito, 2002. From these species, 100 species (78 %), identified including described 2 new
species, Trypodryas nigricollis and Acalolepta disparoides and 1 new rediscribed, Cacia (Ipocregyes) subfasciatus

Schwarzer (will be publish soon in separate journal). We also notes there are 8 species as new record for Java (see Tab.
2).

Fauna of cerambycid beetles in GHNP
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Tabel 1. Time and site setting traps

No. Methods Setting Site and collecting
1 LT (Light traps); LTA (on canopy) and | March, 2000 Every month and continuous for 3
LTB (under canopy) trail time collection
2 | MT (Malaise traps) A1, 2 (on canopy); | March, 2000 Weekly sampling and continuous
B1, 2 (under), and T1, 2 (middle)
canopy trail
3 MT3, MT4, MT5, MT6, MT7, MTS, | April, 2001 Weekly sampling and continuous
MT9 (broken in December 2001)
4 | Hanging traps: HTP (white) and HTH April, 2001 Weekly sampling and continuous
(black), with specisial atrractant.
5 | Beating and sweeping Incidentally In Cikaniki and Gunung Botol
area
6 | Bait branch cutting of Arthocarpus sp. | April, 2001 (only near | Sampling done a week after
and Ficus canopy trail) and April | hanging than weekly sampling
2002 bait setting a long | until the branch decay (about a
the main route from the | month)
gate to Gunung Botol.

From 100 (100%) described species from
GHNP (Gunung Halimun National Park),
47 species (47%) are endemic in Java. Of
the known distribution of the 53 jenis non-
endemic Java species live in GHNP, 38
(38%) in Sumatera, 40 (40%) in
Kalimantan, 20 (20%) Malay Peninsula,
7 (7%) in Thailand, 10 (10%) in Laos, 5
(5%) in Sulawesi, 4 (4%) in Philippines
and 1 (1%) in PNG (Fig.2). It is obvious
that many species occur in the Western
side of Wallaceis Line and many members
come into the fauna of Malay region.
According to Breuning Lamiinae (more

than 50% of Cerambycidae are Lamiinae group) cataloque (1958-1967), recorded in Java 297 species (Lamiinae),
indicated that 201 endemic (67.7%) with 96 species (30.3%) non-endemic; in Sumatera 368 species, 198 endemic (54%)
and170 non-endemic (46%); in Kalimantan 547 jenis, 380 species endemic (69,5%) and 167 (30.5%) non-endemik.
Until know we identified 95 species (47,3%) Lamiinae live in Gunung Halimun National Park.

Cerambycidae fauna of GHNP, compare with them of small areas in Sumatera and Kalimantan which are already

well known as well as Benakat of South (Makihara, 2001, un publish), Campus of Mulawarna University in Samarinda,
(Sugiharto, et. all. 2001), Bukit Suharto, Education Forest of Mulawarman University (Makihara 1999), and Bukit Bangkirai
Forest, INHUTANI I, (Makihara et. all. 2002), in Kalimantan. As a result of comparing with each other, fauna in GHNP
differs much from another areas of Sumatera and Kalimantan. From 128 species identified in GHNP, 13 species (13/128
%) found in Benakat, 15 species (15/128) in Bukit Suharto, 21 jspecies (12/128) in Bukit Bangkirai and 3 species in
Samarinda.

Air Terjun
Cikudapach

= .4

Figure 1. Map of the distribution of traps in Gunung Halimun National Park (MT=Malaise
traps; LT=Light traps; B=habit traps. Arfocarpus sp. and Ficus sp.).
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Table 2, shown list of 8 species of the new record of Cerambycid beetles in GHNP.

No. | Species Former record

1. Trypodryas chalybeata (Pascoe) Borneo, Malay Peninsula

2. Psilomerus procerus Holzschuh Thailand

3. Mimosybra mediomaculata Breuning Borneo, Malay Peninsula

4. Celosterna stolzi Ritsema Sumatra, Borneo

5. Acalolepta laevifrons (Aurivillius) Sumatra, Borneo

6. Parasophronica albomaculata Breuning Sumatra

7. Nyctimenius varicornis (Fabrticius) Sumatra , Borneo, Malay Peninsula
8. Glenea (Macroglenea) nympha Thomson | Sumatra , Borneo, Malay Peninsula

Cluster analysis based on NSC (Nomura simpsonis Coeficient) iSpecies similarity” analysis by UPGMA Methods.
It is supposed two reasons: One is that GHNP is highland (1000-1500m above sea level), while these areas in Sumatera
and Kalimantan are lowland (less than 100m above sea level). Another one is that Cerambycid fauna of Java is different
them of Sumatra and Borneo. To clarify in this point, we should survey on Cerambycid in lowland Java (Makihara &
W.A. Noerdjito. 2002).

New record

In table 2, shown that we noted 8 species as new record of cerambycid beetles for Java, 6 species belong to sub famili
Lamiinae. Two others species Trypodryas chalybeata (Pascoe) belong to family Disteniidae and Psilomerus procerus
Holzschuh was Lepturinae.

New species and rediscribed

We described 2 new species are Stenodryas nigricollis sp. nov. and Acalolepta disparoides sp. nov. (Makihara et W.A.
Noerdjito, 2002) will be publish in Coleopterist in this year. Genus Stenodryas species are known to about 10 species
(Tabel 3) from South East to East Asia. This new species distinguishable from them in having the prothorax black (Figure
2).

Acalolepta disparoides sp. nov, until know this new species treated as the same species as Acalolepta dispar
(Pascoe) (Fig.3) from Borneo island. However the result of our detail investigations, these two were each other closely
related but different species. And this Acalolepta disparoides sp. nov, is distinguishable from A. dispar by the following
point.

Acalolepta disparoides sp. nov,,: Antennae long, 1.9 times as long as body in male (Fig, 3A); inferior eye lobe
deeper than wide; prothorax with a median longitudinal carina and with a posterior transverse groove; scutellum trapeziform
(Fig. 3A); leg long, for tibiae 0.25 times as long as body in male.

Acalolepta dispar (Pacoe): Antennae short, 1.6 times as long as body in male (Fig. 3B); inferior eye lobe as deep as wide;
prothorax subrounded swelling with two posterior transverse grooves; scutellum semicirculer (Fig. 3B); legs short, for
tibiae 0.23 times as long as body male.

Cacia (Ipocregyes) subfasciatus Scharzer was described from Sipora island. After that this species was recorded
from Sumatra (Palembang) and Java (Sukabumi). In this time, we had a chance making on investigation of Cacia
(Ipocregyes) subfasciatus from gunung Halimun National Park, West Java. This species is similar to Cacia (Cacia)
confusa Pascoe from Borneo island and Cacia (Ipocregyes)newmani (Pascoe) from Borneo Island too, but distinguish
from them. Difference of subgenus Ipocregyes and Cacia is third antennal segment without or with apical spibnes. But
Cacia (Ipocregyes) subfasciatus and Cacia (Cacia) confusa Pascoe are not only similar, but also closely related. Cacia
(Ipocregyes) subfasciatus Scharzer is similar to Cacia (Ipocregyes) newmani, but not related species.
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Acalolepta laeviforns Aurivillius
(New record of Java)

Parasophronica albomaculata
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ABSTRACT

There are a number of national parks gazetted on Java island, Indonesia. From those parks, Gunung Halimun
National Park is the largest remaining tropical rainforest block in the island and located between 6°36°— 6°52° S
and 106°16°— 106°38’ E. It covers an area of 40,000 ha with altitudinal variation ranges from 570 to 1,929 m and
mountaineous landscape streches from 900 to 1,500 m altitude. In order to determine the importance of this
national park for bird conservation, the richness of its bird species has been assessed by reviewing the bird research
in the area and collecting information from previous reports. The results show that there are 244 bird species
(50% of total Java-Bali species) recorded in the area. Among those species, 84% (31 out of 37 species) have restricted
range of distribution as indicated by the BirdLife International. These results were then compared with the richness
of bird species at Ujung Kulon National Park, Gede-Pangrango National Park, Meru Betiri and Baluran National
Parks. The richness of bird species at Gunung Halimun National Park is similar with Gede-Pangrango National
Park, however the other parks are poorer.

Key words: Diversity, bird species, richness, restricted range of distribution, national park..

INTRODUCTION

Gunung Halimun National Park is the largest remaining tropical rainforest block on Java island, Indonesia. Since the
Gunung Halimun National Park is the youngest park (see Table 1), the bird species from this area are not well explored
and the bird studies developed late. A preliminary list of bird species from the area was based on the museum specimens
(MacKinnon, 1988). The first bird study was conducted by students from University of East Anglia, UK and the Biological
Science Club, National University-Jakarta, Indonesia at Ciusul-Western Halimun region in 1994 (UEA, 1994). The
following study concentrated on altitudinal distribution at G. Kendeng-Centre of the national park by Dr. Asep Adhikerana
et al. from The Indonesian Institute of Sciences (LIPI) in collaboration with Mr. S. Komeda from the Yamashina Institute
for Ornithology, Japan under the Biodiversity Conservation Project-JICA conducted between 1996 and 1998 (Adhikerana
et al., 1998). Recent studies have focused on regular monitoring of the bird community on the forest floor and canopy
layer at G. Kendeng as well as surveying non-surveyed areas (Prawiradilaga et al., 2000, 2001, 2002). The paper aims to
show the richness of bird species at Gunung Halimun National Park and its importance for bird conservation; and to
compare its bird diversity with other national parks on Java island: Ujung Kulon National Park (UKNP), Gunung Gede-
Pangrango National Park (GPNP), Meru Betiri National Park (MBNP) and Baluran National Park (BNP) especially on
endemic species which have restricted range of distribution

METHODS

The study was carried out by compiling the results of bird research at Gunung Halimun National Park (UEA, 1994;
Adhikerana et al., 1998; Prawiradilaga et al., 2000, 2001 and 2002; Prawiradilaga, 2001) and previous lists made by
MacKinnon (1988). Available information on the bird species of other Javan national parks including: Ujung Kulon NP
(Hoogerwerf, 1970; PHPA, 1986; ANZDEC, 1995; Whitten ef al., 1996; Rombang and Rudyanto, 1999), Gunung Gede-
Pangrango NP, Meru Betiri NP and Baluran NP (PHPA, 1986; ANZDEC, 1995; Whitten ef al., 1996; Rombang and
Rudyanto, 1999) was also reviewed. Comparison was made between the birds of Gunung Halimun National Park and of
the other Javan National Parks in particular on restricted range of endemic species.

Study Area

Gunung Halimun National Park (GHNP) is located in West Java (Fig. 1) between 6°36’— 6°52” S and 106°16° — 106°38’
E. The park covers an area of 40,000 ha: with altitudinal variation ranges from 570 to 1,929 m. Mountaineous landscape
streches from 900 to 1,500 m altitude. Habitat types consist of primary forest, secondary forest, agriculture land and tea
plantation.

Review on other Javan national parks

Ujung Kulon National Park (UKNP) is located in the west tip of Java island (Fig. 1) at 6°38’- 6°51 S and 105°12” -
105°30° E (Widiyanti, 2001). It is composed by Ujung Kulon peninsula, Handeuleum island, Peucang island, Krakatau
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1. Gunung Halimun NP
2. Ujung Eulon NP

3. Gede-Pangrango NP
4. Meru Betiri NP

5. Baluran INP

Figure 1. Location of Javan National Parks

islands, Panaitan island, and G. Honje. The total size of the area is 120,551 ha cosisting of 76,214 ha terrestrial and
44,337 ha marine (ANZDEC, 1995). The altitude ranges between 0 and 623 m. The vegetation types include coastal
forest, mangrove, monsoon fresh water swamp forest, lowland secondary rainforest, primary rainforest, savanna or
grasslands and plantation of introduced species.

Gunung Gede-Pangrango National Park (GPNP) is located in West Java (Fig. 1) at 6°41° - 6°53° S and 106°51°
- 107°02” E (Widiyanti, 2001). The park covers an area of 15,000 ha and altitudinal variation ranges from 500 to 3019 m.
The vegetation includes submontane forest, montane forest, alpine moss forest and grassy plains (ANZDEC, 1995;
Whitten et al., 1996).

Table 1. Information on gazetted Javan national parks

No. | Park | Date of Designation Supported Decree

1 GHNP | 26 February 1992 Minister of Forestry Decree No. 282/Kpts-
11/1992

2 UKNP | 17 April 1958 Minister of Agriculture Decree No.
48/Kpts/Um/4/58

3 GPNP | 14 October 1982 Minister of Agriculture Decree No.
736/Mentan/X/1982

4 MBNP | 14 October 1982 Minister of Agriculture Decree No.
736/Mentan/X/1982

5 BNP 6 March 1980 Minister of Agriculture Declaration

Table 2. Comparison between Javan national parks: Habitat types

Park Size Montan | Lowland | Coastal | Mangrove | Agricult | Product | Savanna
(Ha) | eforest | forest Forest forest ureland/ | ion (grass

Crop forest land)

GHNP | 40,000 N N N N | :
UKNP | 75000 | v v v v - v
GPNP [ 15,295 N N - - N N N
MBNP | 58,000 RN RN N N R - N
BNP | 25,000 - - - \ - \ \
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Table 3. Comparison between Javan national parks: Bird species

No. | National Park > Bird species | > restricted range spec.
1 | G. Halimun 244 1 310
2 | Ujung Kulon 2347 8>
3 | G. Gede-Pangrango 2457 319
4 | Meru Betiri >1807 59
5 | Baluran >160 " 6>
Sources:

1) Prawiradilaga (unpublished data)
2) Hoogerwerf (1970)
3) Whitten ez al. (1996)
4) ANZDEC (1995)\
5) Rombang and Rudyanto (1999)
Note:
Total Restricted Range Species on Java—Bali islands: 37 species (Sujatnika et al. 1995)

Meru Betiri National Park (MBNP) is located in the south coast of East Java (Fig. 1) between 8°22°16” —
8°32°05” S and 113°37°51” — 113°57°06” E (PHPA, 1986). The size of park is 50,000 ha with altitudes between 0 and
1223 m (ANZDEC, 1995; Rombang and Rudyanto, 1999). The vegetation includes lowland rainforest, mangrove, swamp
forest, coastal forest and crop plantation (PHPA, 1986; ANZDEC, 1995).

Baluran National Park (BNP) is located in East Java (Fig. 1) between 7°29°10” — 7°55°55” S and 114°29°10” —
114°39°10” E (PHPA, 1986). The park covers an area of 25,000 ha with altitudinal variation ranges between 0 and 1,250
m. It has the driest climate on Java with less than 1,000 mm rainfall in a year concentrated between December and

Table 4. Restricted range of endemic bird species at Javan national parks (from
Hoogerwerf 1970, MacKinnon ef al. 1992, Sujatnika et al. 1995, Rombang and Rudyanto
1999, Prawiradilaga ef al. unpublished data)

No. | Species Status | GHNP | UKNP | GPNP | MBNP | BNP

1 | Spizaetus bartelsi EJ N \ N N

2 | Arborophila javanica EJ v v v N
3 | Charadrius javanicus N

4 | Treron oxyura N v

5 | Ptilinopus porphyreus v N

6 | Ducula lacernulata N N v

7 | Otus angelinae EJ N N

8 | Caprimulgus pulchellus N

9 | Hydrochous gigas v v N

10 | derodramus vulcanorum EJ N N

11 | Harpactes reinwardtii EJ N N

12 | Centropus nigrorufus N

13 | Megalaima corvina EJ N N

14 | Megalaima armillaris EJB N \ N

15 | Pericrocotus miniatus N N

16 | Pycnonotus bimaculatus N \
17 | Hypsipetes virescens N N

18 | Cinclidium diana N N

19 | Enicurus velatus N N

20 | Cochoa azurea EJ N N

21 | Stachyris grammiceps EJ N N N

22 | Stachyris thoracica EJ N N

23 | Stachyris melanothorax EJB N N N N N
24 | Macronous flavicollis N v N \
25 | Garrulax rufifrons N N

26 | Alcippe pyrrhoptera EJ v v

27 | Crocias albonotatus EJ N N

28 | Tesia superciliaris EJ N N

29 | Seicercus grammiceps N N N
30 | Rhipidura phoenicura EJ N N

31 | Rhipidura euryura EJ N N

32 | Psaltria exilis EJ N N

33 | Aethopyga eximia EJ v v

34 | Lophozopterops javanicus EJB N N

35 | Serinus estherae N

Note:
V= presence; EJ = Javan endemic; EJB = Javan and Bali endemic
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February. The main vegetation type is wooded savanna. Invasive Acacia nilotica to prevent forest fire has dominated
some part of savanna vegetation (personal observation, Whitten et al., 1996).

RESULTS AND DISCUSSION

Birds of Gunung Halimun National Park

The recent researches have added 25 species to the list of birds in the area. They are Pernis ptilorhynchus, Elanus
caeruleus, Accipiter gularis, Hieraeetus kieneri, Falco moluccensis, Otus brookii, Batrachostomus cornutus, Pitta guajana,
Alcedo euryzona, Eurylaimus javanicus, Erithacus cyane, Acrocephalus orientalis, Gerygone sulphurea, Rhinomyias
brunneata, Muscicapa dauurica, Muscicapa ferruginea, Dicaeum cruentatum, D. trigonostigma, D. trochileum, D.
sanguinolentum, Zosterops montanus, Zosterops palpebrosus, Lophozopterops javanicus, Erythrura prasina, and Lonchura
leucogastroides. Even some species including Batrachostomus cornutus, Rhinomyias brunneata and Muscicapa dauurica
are new records for Java island (Prawiradilaga et al. in prep.).

So far, there are a total of 244 bird species (Tables 3) from 47 families recorded at G. Halimun National Park
which took about 50% of total bird species in Java and Bali (MacKinnon, 1988). From this number, 31 species (84% of
the total 37 species as indicated by the BirdLife International-Indonesia Programme (Sujatnika et al., 1995)) are restricted
range of endemic species (Tables 3 and 4) and 23 species are migrants.

Birds of other Javan national parks

Ujung Kulon National Park has 234 bird species (Table 3). Among those species, there are only eight restricted range and
endemic species recorded in the area (Tables 3 and 4). In addition, the Ujung Kulon National Park is a home of vulnerable
species including Leptotilus javanicus, Pavo muticus, Pycnonotus zeylanicus and Padda oryzivora (Rombang and
Rudyanto, 1999).

Gunung Gede-Pangrango National Park has 245 bird species (Table 3) in which 31 are restricted range and
endemic species (Tables 3 and 4). It is also the habitat of vulnerable species including Pavo muticus, Pycnonotus zeylanicus
and Padda oryzivora (Rombang and Rudyanto, 1999).

Meru Betiri National Park has approximately 180 bird species (Table 3) and five of them are restricted range of
endemic species (Tables 3 and 4). There are also two vulnerable species: Pavo muticus and Padda oryzivora recorded in
this park (Rombang and Rudyanto, 1999).

Baluran National Park has approximately 160 bird species (Table 3) and six of them are restricted range of endemic
species (Tables 3 and 4). There are also three vulnerable species: Leptotilus javanicus, Pavo muticus and Padda oryzivora
recorded in this park (Rombang and Rudyanto, 1999).

Comparison of bird diversity

Table 3 shows that the number of bird species at Gunung Halimun National Park and G.Gede-Pangrango National Park
is high and almost similar. Although the number of bird species at Ujung Kulon National Park is lower than at Gunung
Halimun National Park and G.Gede-Pangrango National Park which are all located in West Java, it is higher than at Meru
Betiri National Park and Baluran National Park located in East Java. Possibly, this is because the habitat of the three
national parks in West Java (UKNP, GHNP and GPNP) could be richer or more diverse than that of in East Java in
particular at Baluran National Park. As Sutherland (2001) argued that the diversity of birds usually follow the diversity
of plants or vegetation. However, further detailed study should be carried out to see the relationship between the diversity
of plants and the diversity of birds in West and East Java.

One of the criterias being used to assess an important bird area is the number of restricted range of endemic species
as an indicator (Stattersfield et al., 1998 in Rombang and Rudyanto, 1999). Tables 3 and 4 indicate that the number of
restricted range of endemic birds at Gunung Halimun National Park is high (84% or 31 species out of 37 species) and
similar with G.Gede-Pangrango National Park. Therefore, both parks can be considered as important habitat for Javan
birds.

CONCLUSIONS
1.  Gunung Halimun National Park is an important habitat for Javan birds.
2. The number of bird species and restricted range of endemic species at Gunung Halimun National Park is high
3. The richness of bird species at Gunung Halimun National Park is similar with G.Gede-Pangrango National Park
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ABSTRACT

An incubation experiment in laboratory using peat soil from Lagan, Jambi was conducted to study the effect of
steel slag on chemical properties of peat soil. In addition, a pot experiment using the same peat soil was carried
out to investigate combination effect of steel slag and NPK, saprodap, or standard fertilizers - urea, SP-36, and
KCI - on growth and yield of wetland rice. Application of steel slag on peat soil significantly improved the availability
of Si as well as increased soil pH and exchangeable Ca and Mg. On the other hand, it significantly decreased soil
organic matter content, total N, and the availability of Fe, Mn, and Zn. Moreover, the effect of steel slag on the
availability of Cu was not significant. Wetland rice grown on peat soil highly responded to steel slag application.
The number of productive tiller, number of panicle, and weights of filled and total spikelets were significantly
raised with steel slag application. Interaction of steel slag with NPK, saprodap, or standard fertilizers also had
significant effect on those rice yield variables. In combination of steel slag and NPK fertilizer, steel slag 2.5 %
produced the highest rice yield. However, in combination of steel slag and saprodap or standard fertilizers, the
highest rice yield was achieved at dosage of steel slag 5.0 %. In general, combination of slag 2.5 % and NPK
fertilizer produced the highest rice yield. Increasing the growth and yield of rice after application of steel slag was
associated with increasing the availability of Si, soil pH, and exchangeable Ca and Mg as well as reducing toxic
organic acids.

Key words: peat soil, steel slag, wetland rice

INTRODUCTION

Staple food of Indonesian people is rice, so rice is the most important crop in this country. Since 1960is Indonesian
Government have implemented various efforts to meet rapid increase of rice demand, such as intensification and expansion
of rice land areas. These efforts succeeded in improving rice production and since 1984 Indonesia has successfully
achieved self-sufficient level of rice production. However, the population grows so fast that the demand of rice keeps on
increasing. Consequently, the rice production must be increased annually to maintain the self-sufficient level.
Unfortunately, non-agricultural sectors are using up more and more arable lands. Therefore, the availability of fertile
lands for rice is declining and rice lands are pushed onto infertile lands.

One infertile land potentially for expansion of wetland rice is peat soil, because these soils are flat and level,
permanently water saturated - with cheap gravity drainage easily possible - and not yet occupied for agriculture or other
purpose (Driessen, 1978). These soils are mainly distributed along the eastern coast of Sumatra, the southern and western
coasts of Kalimantan, and the southern coast of West Irian (Driessen and Soepraptohardjo, 1974). They cover about 24
million hectares, corresponding to 12.6% of total land resources of Indonesia (Muljadi and Soepraptohardjo, 1975). Peat
soils vary from extremely poor to very rich, depending on the kind and composition of the organic materials. In particular,
they have low content of total silicon, and micronutrient deficiencies such as copper and zinc deficiencies occur frequently.
Moreover, wetland rice on deep peat suffers from male sterility (Driessen, 1978).

Silicon is a beneficial mineral element for rice growth by maintaining erect leaves (Balasta et al., 1988;
Yoshida, Navasero, and Ramirez, 1969); promoting the growth, strong culms and roots, and early panicle formation;
increasing the number of spikelets per panicle and percentage of matured grain (De Datta, 1981); decreasing transpiration
rate (Matoh, Murata, and Takahashi, 1991); increasing the resistance to fungi, insects, and mites (Ishizuka and Hayakawa,
1951; Volk, Kahn, and Weintraub, 1958); diminishing the unfavorable action of nitrogen on the resistance to lodging,
stem borer, and diseases such as blast (Idris, Hossain, and Chounhury, 1975; Ota, Kobayashi, and Kawaguchi, 1957) and
alleviating Mn or Fe toxicity or both (Horiguchi, 1988; Okuda and Takahashi, 1962).

The most common material used as a source of Si for rice cultivation in many countries for example Japan,
Korea, Taiwan, and China is steel slag containing calcium silicate, a by-product formed in the process of steel manufacturing
(De Datta, 1981; Ma and Takahashi, 1993). At present, Indonesia produces annually about 350 000 tons of steel slag;
however, it has not been used yet in agriculture. Besides has high content of Si, Indonesian steel slag also contains much
Ca, Mg, and Fe as well as relatively high micronutrient (Suwarno and Goto, 1997a). It is necessary, therefore, to explore
the effects of this slag on the growth and yield of wetland rice grown on peat soil.

The objectives of this experiment were: (i) to evaluate effects of steel slag on the chemical properties of peat
soil and (ii) to evaluate effects of steel slag on growth and yield of wetland rice grown on the peat soil.
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MATERIALS AND METHODS

Experiment I. Incubation experiment in laboratory using peat soil from Dendang, Jambi was carried out to evaluate
effect of steel slag on chemical properties of peat soil. Peat soil equivalent to 10 g oven dry basis was placed in 200 ml
of plastic bottle to which steel slag in size less than 2 mm in dosage of 0, 2.5, 5.0, 7.5, and 10 % of soil weight, respectively,
was added and mixed thoroughly. The bottles were incubated for two months and then the chemical soil properties: pH,
exchangeable Ca and Mg, available Si, Fe, Mn, Cu, and, Zn, total N and organic matter content were analyzed.

Experiment II. Pot experiment in greenhouse using the same peat soil was conducted to evaluate combination effect of
steel slag and three kinds of fertilizer on growth and yield of wetland rice grown on peat soil. Each pot contained 2 kg
oven dry basis of peat soil. Steel slag in size less than 2 mm was applied in three dosage levels: 0.2.5, and 5.0 % of soil
weight and combined with three kinds of fertilizer: NPK (15-15-15), saprodap (16-20-0), and standard fertilizer (urea,
SP-36, and KCI). These fertilizers were applied in dosage of 500 ppm N, 500 ppm P,0; and 500 K,0. Moreover, all pots
were received 5 ppm Cu of CuSO,.5H,O as basal fertilizer. Four plants of twenty one days-old of IR 64 rice variety were
transplanted into all pots. This plant was harvested at maturity. Plant variables measured were numbers of productive
tiller and panicle; weights of filled, unfilled, and total spikelets as well as percentage of filled spikelets.

To evaluate the effects of treatment, the data of soil chemical properties as well as plant growth and yield variables
were analyzed by analysis of variance. Furthermore, the means of treatment were analyzed by w-Tukey Test (Steel and
Torrie, 1980).

RESULTS AND DISCUSSION

Effects of Steel Slag on Chemical Properties of Peat Soil

As shown in Table 1, soil pH, exchangeable Ca and Mg, and available Si were significantly increased after application of
steel slag. The values of these variables were increased with increasing the amount of steel slag. On the other hand,
organic matter content, total nitrogen, and available Fe and Zn were significantly decreased with application of steel slag.
The magnitudes of these soil chemical properties were decreased as the amount of steel slag was increased. Available
Mn was increased after application of steel slag; however, the availability of Mn was decreased as the amount of steel
slag was increased from 2.5 % to 10 %. In addition, steel slag had no significant effect on available Cu.

In peat soil, steel slag reacted with H,O containing CO,, producing base cations (Ca*’, Mg**, Na*) and other
cations in addition to base conjugate (hydroxide, silicate, and carbonate) and other anions, thus increased concentration
of these cations and anions in soil solution. The Ca**and Mg?** then replaced for exchangeable acidity (exchangeable Al
and H) on adsorption sites. As a result, application of steel slag increased exchangeable Ca and Mg as well as increased
available Si. This result was agreed to that obtained by Suwarno and Goto (1997b) on mineral soil.

At the same time, the hydroxide (OH") and silicate (H,SiO,") reacted with H", resulting in H,O and H,SiO,.
These processes reduced exchangeable H, which in turn increased soil pH value. Consequently, application of steel slag
increased pH value of peat soil.

Increasing pH value of peat soil due to application of soil amendment increased decomposition of organic
matter (Andriesse, 1997). During decomposition process, organic matter were attacked by microorganism, resulting in
simple products such as carbon dioxide, water, ammonia, ammonium, nitrites, nitrates, elemental nitrogen, sulfides,
sulfates, inorganic phosphates, and cations for examples Ca*", Mg?', and K* (Brady, 1990). Increasing rate of decomposition
increased the amount of decomposed organic matter, which in turn increased the amount of simple decomposition products.
As a result, application of steel slag to peat soil - which increased pH soil pH - reduced organic matter content.

Total nitrogen is total of organic and inorganic nitrogen in the soil (Tan, 1996). During decomposition of
organic matter, organic nitrogen is mineralized into inorganic nitrogen. Total nitrogen in the soil is constant during
decomposition process if there is no release of gaseous nitrogen to the atmosphere. Result of nitrogen total analysis in

Table 1. Effects of Steel Slag on Chemical Properties of Peat Soil from Dendang, Jambi

No Treatment pH Organic Total N Exch.Ca Exch.Mg Available Available Available Available Available
(H20) Matter Si Fe Mn Cu Zn
......... (%)........ ... cmol(H)kg™).... e mg kg
1 Slag 0% 38a 9598e 0.52¢ 1.17a 1.15a 71a 1449 ¢ 1.03a 1.39 1.88 ¢
2 Slag2.5% 53b 84.22d 049c 53lab 520a 224 ab 699b 6.44c 1.11 1.61 be
3 Slag5.0% 62c 76.22¢c 04labc  9.04b 11.67D 582b 2.65a 441b 0.96 0.65 ab
4  Slag7.5% 6.7d 60.40b 035ab  20.27c 15.22 be 1695b 220a 2.08a 0.93 0.46 a
5  Slag 10 % 6.8¢ 52.04a 033a 238lc 16.90 ¢ 2128¢ 193a 1.59a 0.88 0.44 a
Tukey 0.0 0.3 5.15 0.12 7.24 4.78 416 1.93 1.53 NS 1.14
Tukey o.01 0.4 6.81 0.16 9.56 6.31 549 2.55 2.02 NS 1.50

Note: NS = Not significantly different
Means followed by the same letter were not significantly different by w-Tukey Test at 5 % level of difference.
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Table 1 indicated that nitrogen total was decreased with application of steel slag. Ratio of C/N in steel slag treatments of
0,2.5,5,7.5,and 10 % were 107.7, 101.5, 108.9, 98.4, and 91.9; respectively. This result indicated that in decomposition
of organic matter there was released gaseous nitrogen to the atmosphere. The amount of gaseous nitrogen released to the
atmosphere was increased with increasing the dosage of steel slag.

Steel slag applied in this experiment

Table 2. Chemical Composition of Steel Slag (Suwarno dan Goto, 1997a) contained total iron 42.6 of Fezog; however,
application of this material to peat soil
Composition Unit Content significantly decreased availability of iron.
Fe05 % 42.6 Although this steel slag contained very high
CaO % 21.6 total iron, result of mineral identification
Si0, o, 14.6 indicated that most of iron minerals was
MgO % 116 present as iron. 0xic}e mine‘:ral - wuestite,
ALOs % 791 magnetite, and d1-cals1u'm ferr1t§ (Suwarno and
Goto, 1997a). According to Lindsay (1979),

P,0s % 0.37 - .
solubility of these minerals was extremely low
MnO o 1.53 in the pH range of soils and also affected by
K0 % 0.18 redox potential of soil. Consequently, those
Na,0 % 0.33 minerals did not affect the availability of iron
Neutralizing Value % 67.6 in soil applied steel slag. Mineral containing

iron in steel slag which could supply iron was
apparently only forsterite feroan
((Mg,Fe),Si0,) (Suwarno and Goto, 1997a). However, iron released from this mineral was precipitated as iron hydroxide
with increasing soil pH after application of steel slag (Foth and Ellis, 1988; Lindsay, 1979). In addition, iron has high
affinity to humic substances to form chelates (Tan, 1998). Formation of these chelates reduced available iron - amount of
iron extracted with 0.05 N HCI - in peat soil.

The increase in soil pH might have shifted the equilibrium between soluble Mn** and insoluble MnO, toward
insoluble MnO, (Adam, 1965), thus reduced available Mn. Moreover, Mn also could form chelates with humic substances
(Tan, 1998). Formation of these chelates reduced the availability of Mn. On the other hand, reaction of steel slag in the
peat soil also yielded Mn** ions, because this material contained 1.55 % of MnO, (Table 2). Apparently, the amount of
Mn** produced by steel slag in this experiment was slightly higher than that of converted into MnO, and formed chelates
with humic substances. As a results, available Mn was increased with application of steel slag; however, the availability
of Mn was decreased with increasing the dosage of steel slag.

Available Zn significantly decreased with steel slag application, and the availability of Zn was decreased with
increasing the dosage of steel slag. Availability of Zn in the soil was decreased with increasing soil pH (Lindsay, 1979).
In addition, Zn could form chelates with humic substances resulted from decomposition of organic matter (Tan, 1998).
Because application of steel slag increased soil pH and decomposition rate of organic matter, application of this material
reduced availability of Zn in peat soil.

Table 3. Effects of Steel Slag Combined with Various Fertilizers on Growth and Yield of Wetland Rice Grown on Peat Soil
from Dendang, Jambi

No Treatment Productive Tillers Panicles Weight of Spikelets Percentage of
Filled Unfilled Total Filled Spikelet
(no.pot’l) (mo.pot™) . (g pot'l) .................. (%)
1 Slag 0 % +NPK 0.0a 0.0a 0.00 a 0.00 a 0.00a -
2 Slag 0 % + Saprodap 00a 0.0a 0.00 a 0.00 a 0.00 a -
3 Slag 0 % + Standard 4.3 ab 8.3 ab 3.55 ab 0.53 ab 4.08 ab 87.1
4 Slag2.5 % +NPK 29.7 de 33.7 de 47.62 ¢ 0.89 ab 48.51¢e 98.2
5 Slag 2.5 % + Saprodap 18.0 cd 22.0 cd 7.71 ab 1.16 b 8.87 ab 87.4
6  Slag2.5 % + Standard 14.0 be 18.0 be 22.93 cd 1.02 ab 23.95cd 95.5
7  Slag 5.0 %+ NPK 30.0e 34.0e 34.07d 0.75 ab 34.83d 97.8
8  Slag 5.0 % + Saprodap 16.7 ¢ 20.7¢c 15.03 be 0.64 ab 15.66 be 96.0
9  Slag 5.0 % + Standard 18.0 cd 22.0cd 26.51 cd 0.75 ab 27.25cd 97.2
Tukey .05 11.8 11.7 12.00 1.12 12.07
Tukey o.01 14.7 14.7 15.00 1.40 15.08

Note: Means followed by the same letter were not significantly different by w-Tukey Test at 5 % level of difference.
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Response of Wetland Rice to Combination of Steel Slag and NPK, Saprodap, or Standard Fertilizers

Growth of rice plant was very poor without application of steel slag. On treatments of steel slag 0 % + NPK fertilizer and
steel slag 0 % + saprodap fertilizer, rice plant failed to produce panicle. As shown in Table 3, application of steel slag on
peat soil significantly improved numbers of productive tiller and panicle as well as weights of filled and total spikelets.
Combination of steel slag and NPK fertilizer produced higher numbers of productive tiller and panicle than combination
of steel slag and saprodap or standard fertilizers. Weights of filled and total spikelets also higher with the former
combination. In combination of steel slag and NPK fertilizer, steel slag 2.5 % produced the highest rice yield (weight of
filled spikelets). However, in combination of steel slag and saprodap or standard fertilizers, the highest yield was achieved
at dosage of steel slag 5 %. In general, among those combinations, combination of steel slag 2.5 % and NPK fertilizer
produced the highest rice yield.

The very poor rice growth on pots untreated steel slag might be associated with the very low soil pH value, the
low exchangeable Ca and Mg, and the low available Si as well as the presence of toxic organic acids. At pH value less
than 4.0, hydrogen ions had a significant influence on absorption of many inorganic ions (Jackson, 1967), so inhibit the
growth of rice plant. The presence of toxic organic acids in peat soil is also the problem that has to be solved in utilizing
of peat soil for wetland rice cultivation.

The low exchangeable Ca and Mg in this soil also restricted the growth of rice plant, therefore they had to be
noticed in wetland rice cultivation on peat soil. According to De Datta (1981), the functions of Ca in rice plant are as: a
constituent of cementing material of plant cells, an important constituent of calcium pectate, which strengthens the cell
wall, maintainer of turgidity of cell walls, and promoter of normal root growth and development. The functions of Mg in
rice plant are as: a constituent of chlorophyll molecule, a component of several essential enzymes, and functions similar
to Ca.

Silicon has various beneficial effects in rice plant such as: promotes the growth, strengthens culms and roots,
favors early panicle formation, increases number of spikelets per panicle and percentage of matured grains, increases the
resistance to attack of fungi, insects, and mites, and deminishes the unfavorable action of nitrogen on the resistance of
rice to diseases such as blast. Therefore, the low availability of Si has to be corrected in cultivation of wetland rice on
peat soil.

Application of N, P, and K fertilizers as urea, SP-36, and KCI - called as standard fertilizers - only improve the
availability of N, P, and K nutrients; therefore the growth of rice was poor. Application of steel slag to peat soil that
increased soil pH, exchangeable Ca and Mg, and available Si as well as reduced toxic organic substances improved
growth and yield of IR 64 rice variety. These results were agreed to that obtained by Snyder, Jones, and Gascho (1986).
However, the increasing yield obtained in this experiment was far higher.

In this experiment, interaction effect of steel slag with NPK, saprodap, or standard fertilizers was significance.
In combination with NPK fertilizer, steel slag 2.5 % produced higher rice yield than steel slag 5.0 %. On the other hand,
in combination with saprodap or standard fertilizers, steel slag 5.0 % produced higher yield. Apparently, it was associated
with the ability of the three kinds of fertilizer in supplying N, P, and K nutrients as well as condition resulted from their
reactions in peat soil.

CONCLUSION

Application of steel slag on peat soil significantly improved the availability of Si as well as increased soil pH and
exchangeable Ca and Mg. On the other hand, it significantly decreased soil organic matter content, total N, and the
availability of Fe, Mn, and Zn. Wetland rice grown on peat soil highly responded to steel slag application. The numbers
of productive tiller and panicle as well as weights of filled and total spikelets were significantly increased with steel slag
application. Interaction of steel slag with NPK, saprodap, or standard fertilizers also had significant effect on those rice
yield variables. In combination of steel slag and NPK fertilizer, steel slag 2.5 % produced the highest rice yield. However,
in combination of steel slag and saprodap or standard fertilizers, the highest rice yield was achieved at dosage of steel
slag 5.0 %. In general, combination of slag 2.5 % and NPK fertilizer produced the highest rice yield. Increasing the
growth and yield of rice after application of steel slag was associated with increasing the availability of Si, soil pH, and
exchangeable Ca and Mg as well as reducing toxic organic acids.
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ABSTRACT

Most of acid sulfate soil areas in South Kalimantan are recommended for growing rice. Due to unfortunate soil
condition such as low pH and unpredictable water level , farmers grow local rice varieties. The farmers use a
multiple transplanting system not only to multiply the seedling population but also to coop with the condition. In
addition, most farmers do not apply fertilizer after the last transplanting, however, they got a reasonable yield.
Where are the nutrients for the crop coming from? This work focuses on investigating the supply nitrogen (N)
from the mineralization of organic N for the crop.

The experiment took place in Tambaksirang Baru (03 26 31S, 114 35 29E), Gambut District South
Kalimantan. Two farmersi paddocks separated by a village road were chosen for the study. The N mineralisation
measurements were carried out on monthly basis after the planting. At each sampling date plant, top and root
were collected for biomass and N content determination.

At the end of the growing season, we observed that the biomass, N uptake and release from the soil were
9.5 and 7.1 Mg DM ha’'; 36.0 and 27.8 kg N ha'; and 13.37 and 8.32 kg N ha™! for plot 1 and 2 respectively. The
higher N in the crop than that supplied by soil indicates that there are other sources of N for local rice grown in
acid sulfate soil.

Key words: Nitrogen mineralisation, Siam Unus variety, multiple transplating

INTRODUCTION

Tidal swamp area in South Kalimantan is quite large and unique. According to Ismangun and Karamah (1994) the area is
around 200,000 ha. As far as the area is concerned, it is important for rice growing area. The tidal swamp area is characterized
by poor chemical properties and deep water level. The poor chemical properties include low soil pH and high in Fe and
Al concentration. Combination of high rainfall and effect tidal movement make this area have excessive water in a
certain period of the year.

This condition force the farmer in this area to selective rice variety that not only tolerant the acidic environment
but also taller one to avoid flooding. Most farmers grow local rice varieties that proven to be adaptive to the condition. In
addition to that, the local rice varieties are less responsive to fertilizer application. This will enhance the use of such
varieties.

Given the fact that minimum fertiliser is used, the farmers still gaining a reasonable rice yield. The yield was
varied from 2.6 to 3.7 ton ha! (Hasegawa et al. 2001). This raises question about nutrient supply for this variety. The
study focuses on N supply for a local variety.

MATERIALS AND METHODS

Site

The experiment was carried out in a farmeris paddock. The paddock is in Tambak Sirang Baru Village (GPS 03 26 318,
114 35 29E). The soil was classified as gleysols (Deckers et al. 1998). The paddock has been cultivated for rice for more
than 20 years.

Planting system

The paddock was grown with a local rice variety called Siam Unus. The farmer used a multiple transplanting system in
preparing the seedling. The multiple transplanting system included seedling stage in early October 2000, followed by
first transplanting in early December 2000, the second transplanting in January 2001 and finally, last transplanting (planting)
in early April 2001. Detail of such unique cultural practice was explained in more detail in (Hasegawa et al. in this issue).

Paddock preparation
Approximately a month prior to planting, farmer prepared the paddock. To prepare the paddock, farmer cut the weeds
using a special hand hoe and let the weed to decompose. Before planting the un-decomposed weeds were dragged to the

edge of the paddock. No fertilizer was applied during the growing season.

Selected soil properties
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The soil samples were collected from a depth of 25 cm from 3 sites within the area of the paddock and were obtained
from the first sampling period. The soil from each replicate was air-dried, ground to < 2mm and stored prior to analysis.
The properties of the soil are shown in Table 1.

1 Table 1. Selected Soil Properties at plot 1 and plot 2

Selected soil properties Plot 1 Plot 2 Category”
Organic C (%)° 672 | 592 very high
Organic N (%)° 0.55 0.44 high
C/N ratio 12.37 | 13.75 medium
P Bray 1 (mg P kg™)° 029 | 0.96 very low
pH (H,0)° 3.83 3.87 very acid
Exchangeable Ca [cmol(+) kg ']’ 0.88 0.84 very low
Exchangeable Mg [cmol(+) kg " 0.13 0.19 very low

very high and high,
Exchangeable K [emol(+) kg']" 1.43 0.82

respectively
Exchangeable Na [cmol(+) kg T]" 038 | 0.41 medium
Exchangeable Al [cmol(+) kg ¢ 3.96 3.54
CEC [cmol(+) kg T* 39.82 [38.81 high
Base saturation (%) 7.1 58 very low
Al saturation (%) 9.9 9.12 very low

2 Note: Methode used were described in: ¥ Djacnuddin er al. (1994); ® Yeomans and
3 Bremner (1986); © Bremner and Mulvaney (1982); ¥ John (1970); © McLean (1982);

4 Dand® Hidayat (1978); and ¥ Barnhisel & Berstch (1982), respectively.

Experiment procedures

In this experiment N mineralisation and plant N uptake were measured through out the growing season (14 April-28
August 2001). Nitrogen mineralisation was measured by inserting 2 PVC tubes (internal diameter of 10 cm) into 25 cm
depth. The arrangement of the tubes is shown in Figure 1.

/ crop
PVC tube
10 cm
25 cm
25 cm
Soil surface
Tinitial Tfinal

Water surface

Figure 1. The PVC arrangement in the field

The first tube was excavated on the same day and the other tube was kept in the field for 4 weeks with the lid on. After
excavating the tubes, mineral N (NH," + NO,’) was determined. Detail of the procedures were explained else where
(Purnomo et al. 2000). These activities were replicated 3 times for each plot. The N mineralisation measurement was
conducted in every 4 weeks interval through out the growing season.

In each soil sampling period, crop biomass (plant top + root) was also sampled. The plant samples were randomly
taken from 3 hills out of 15 hills around the tube. The plant top and root were washed; oven dried 70° C, ground and
determined their N content.
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Figure 2. The rainfall distribution and soil temperature during the growing season

Soil and plant analysis
The NH," and NO,” concentrations were determined following extraction of approximately 40 g of fresh soil in 200 mL
of 1 M KCl for 1 hour. The NH," concentration in the extract was measured colorimetrically (Kempers and Zweers 1986).
The concentration of NO," in the extract was measured colorimetrically (Yang et al. 1998).

The N content of the plant material was determined by digesting the plant material using kjeldahl reagent. The
N content in digest was measured by distillation.

Calculation and data analysis
Nitrogen mineralisation for each in situ incubation period was calculated using a formula:
N mineralisation = [N mineral]_ - [N mineral]

final initial

Variations of data obtained were shown using standard
error of mean.

12 ) Piot 1 planted on 14 Aprd 2000 2 [e] Piot 1 planted on 14 April 2000
W Piol2 planted on 21 Aped 2000 o i RESULTS AND DISCUSSION
o8 ] Soil properties
EOOO . .
F s z The selected soil properties of plots use for the
g f 9000 experiment are shown Table 1. Both plots have very
3 £ 4o similar properties.
2000 . .
02 Rainfall and soil temperature
1 The rainfall and temperature soil data through out the
00 ; e growing season are presented in Figure 2. Total
80 100 120 140 160 180 200 220 80 100 120 140 160 180 200 220 . N
G it haear rainfall through out the growing season was 390 mm.
This amount was less than the average of last 10 years
2 P70 Pot1 lanied on 14 Apr 2000 (1991-2000) which was 766 mm. It was observed that
= W Plot 2 planted on 21 April 2000 . .
B : the soil temperature decreased toward the growing
E f}'\‘ season. The decrease was associated with the coverage
5" f{?; : the crop canopy.
z i/ & Biomass production
5" S —w The course of biomass production of the rice crop is
- = . . . . .
i | O shown in Figure 3a. There was significant increase
= of biomass production up to panicle initiation stage.
S T, R, P D g At the end of the growing season, the dry matter
Dy of e your accumulation was 7.1 - 9.5 ton ha'l. It is important to
Figure 3. The biomass, N content and N uptake note that no fertiliser was applied after the last
through out the growing season transplanting.
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N content

N content of the plant tissue in the growing season is presented in Figure 3b. The maximum N content was 0.6 and 0.8%
for plot 1 and plot 2, respectively. The N content increased up to the tillering stage and the decreased toward harvest time.
The N content in comparable to the modern rice variety (Doberman and Fairhurst 2000).

Nitrogen mineralisation

N mineralisation during the growing season is shown in Figure 3c. It was observed that in a growing season, N derived
from the mineralisation of organic N was 8 and 13 kg N ha-1, for plot 1 and plot 2, respectively. This amount is much
lower that found by Purnomo et al (2000) in soil under wheat crop in south-eastern Australia. They found that N mineralised
during growing season was 140 kg N ha!. The lower N mineralised in the present study may be due low quality of
organic material or reduce condition.

N uptake

The course of N uptake for the growing season is demonstrated in Figure 3¢. The N uptake by crop increased up to the
panicle initiation stage and steady after that. The highest N uptake was 36 kg N ha-1. It can be seen also that after the
tillering stage, N uptake was higher than N released from the soil organic N. This indicates that there may be some
sources of N other than N from the soil organic N, such as the role of N fixing bacteria (see paper by Hashidoko et al. in
this issue).

CONCLUSION

From the study area we found that without fertiliser after last transplanting there a huge accumulation crop biomass.
Surprisingly, N uptake of the local rice exceeded the N originated from the release of the organic N. It may be N fixing
bacteria contributed to the remaining N in the crop.
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ABSTRACT
Total swamps include tidal peatswamps land in Indonesia is about 20,07 million hectares and distributed mainly
in costal land of Sumatra, Kalimantan, and Irian Jaya.

According to Soil Taxonomy (USDA,1992) the soil can be classified in the order of Histosols.
For agricultural purposes there many constraints e.g. very low pH, high pyrit contents, high available AI"™* and
Fe™™, deep organic layers (more than 200 cm thick). One of those properties very low pH is the dominan constraints.

Since 1968 these areas are used for transmigration project mainly for ressetlement and agriculture. Until
now the total area that had been reclamed is about 1.3 million hectares.

The reclamation of the tidal peatswamps land in Central Kalimantan was carried out by making irrigation
and drainage canal. Primary canals are 40-50 m wide and 4-5 deep, secondary canals are 15-20 m wide and 3 m
deep and tertiary canals were 1 m wide and 1 m deep. At the end of secondary canals tide water pond by 300 m
wide and 400 m long were built to collect the toxic water. Because of the irrigation scheme like fork, so the name
of irrigation system is “fork model irrigation”.

The result of this fork model tidal peatswamp reclamation showed increasing the land capability and
productivity because of increasing pH and decreasing toxicity of AI'™" and Fe™".

Key words : peat, swamp, management, fork irrigation model

INTRODUCTION

Tidal peat swamp land is land influenced by tide of water from sea. This tidal swamp is occupied by peat soil. Which is
dominated by soil organic matter. Total peat and swamp peat area in Indonesia is very large about 39 million hectares and
occupied the 4" in the world, distributed in some island. Three island that occupied tidal and swamp are Sumatera,
alimantan and Papua (Figure 1)

[ T ey ——

Figure 1. Distribution of tidal swamp and swamp land in Indonesia

According Rosmarkam (1992), soil ordo (USDA taxonomy) of this area consists of Entisol, Inceptisol and Histosol.
Acid sulphate soil and potential acid sulphate soil (pH 3.5 or less) content pyrite, occupied 32.4 % of total area in this
tidal swamp area. This area is not suitable for agricultural purpose. So to manage this area needs reclamation.
Table 1. Total area territorial and swamps in Sumatera, Kalimantan and Papua (x 1000 ha)

The taxonomy of this soil tidal swamp and swamp area consist of great group Entisol, Inceptisol and Histosol
(USDA,1994). Some chemical properties of Entisol (Typic Sulfaquent), Inceptisol (Typic Udiaquept) and Histosol (typic
Sulfosaprist) from Centre kalimantan could be shown on table 2.
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Table 1. Total area territorial and swamps in Sumatera, Kalimantan and Papua (x 1000 ha Table 2. Chemical properties
tidal swamp and swamp from

Total area Centre kalimantan
Island Territorial Tidal swamps
Sumatera 34.361 13.211 Current and economic uses
Kalimantan 53.946 12.764 Tidal swamps forest consist of
Papua 42.198 12.98 mangrove forest, swamps and
Total 143.505 38.955 peaty swamp forest which is

important natural resource
environtmental and economic
value in Indonesia. Special
commercial tree species are
lodged including ramin

(Sources : Soedibyo,1996)

Table 2. Chemical properties tidal swamp and swamp from Central Kalimantan

Elements Entisol Inceptisol Histosol (Gonystylus bancarnus) and
(Typic Sulfoaquent)| (Typic Udiaquept) |(Typic Sulfohemist) several marantis (Shorea sp).
ol 34 13 32 These timbers are dominant
Organic mater (%) 29.5 5.48 32.96 :;’zitec{’;;’i‘;it‘;%‘; da?r?p 12:
0 )
Z?I:al N 02? 074; 2072 etc. itis carri.ed out selectively
2.0: (ppim) 143 o6 73 and productively by about 35
CEC (me%) 86.28 75.52 67.6 years Cyd%evelopment of
K (me%) 0.33 153 155 tidal swamps area by
Ca (me%) 1.88 13 27 Indonesian Government has
Na (me%) 142 13 6.85 not fully realized for
Mg (me%) 021 1 04 agricultural purposes (manly to
Zn (ppm) 13 14.7 46.07 sustain self supporting rice )
Cu (ppm) 64.12 46.36 91.2 but also for resettlement
Mn (ppm) 156.23 1851 362.21 transmigration project.
Al (ppm) 681.4 86.5 114
Fe (ppm) 331.9 2839.4 937 Transmigration
(Source : Anonim 1980) Since 1968, the increase

transmigration in Indonesia
moved transmigrate from Java
to another island that dry land
(upland) and wet land (swamps/tidal swamps) of Sumatera, kalimantan, Sulawesi and Papua.
In the first period reclamation 1968-1985 tidal swamps that had been conversed to agricultural purpose and
resettlements is about 1,300,00 hactare. About 550,000 families or 1,700,000 men/women were reselfmanted.
In second period reclamtion 1996-2001, one million hectare of tidal swamps/swamps area would be reclaimed
for wet land rice field at Centra Kalimantan. In this program government would moved 316,000 families or 1,200,000
men/women from Java to this area.

Management tidal swamp
The management tidal swamps by fork irrigation model was carried out based on assumtion that tiding water is better
than original water, so original water be substituted by tiding water from the big river.

According of the assumtion irrigation model canals be constructed. There are three kind canals they are : a)
primary canal, b) secondary canal, tertiery canal, and d) tiding water pond

a). Primary canals.

Primary canal is canal that be built from the big river. The fumction of this canal is to irrigate fresh tidal water from the
big river to substitute original water of land that be reclaimed. The other function of this canal to drainage original water
and leach to move the big river. The width of the canal is 40-50 meters and the depth is about 5 meters. The length of
primary canal varies depend on the total area bew managed. This primary canal is branch into 3 or 3 secondary canals.
Beside for irrigation and drainage, the primary can be used for water transportation such as sloop, boat, little ships.

b). Secondary canals

Branches of primary canals are secondary canals. The width of secondary canal is about 10-20 meter and the depth is
about 3 meter. The fucntion of secondary is the same with the primary canals. At the end of secondary canals are
occurred tidal water ponds
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Figure 2. Fork Irrigation Model at Central Kalimantan (1968)

c). Tertiary canals
Secondary canal has many tertiary canals. Genarally the tertiary canal is perpendicular to secondary canal. The function
of secondary canal is to distribute tide water to area/land between tertiary canals. The width of tertiary canal is 1 meter
wide and the depth 1 meter. The distribution of tide water only from tertiary canal ( not distribute from secondary canal
or primary canal)

d.). Tiding water pond
Tiding water at the end of secondary canals is digging soil for collecting toxic water from original water are built at the
end of secondary canals that be drainage in the next tide. Size the water pond is 300 meter width and 4000 meter length
and 5 meter depth.

By management water with used primary, secondary and tertiary canals tidal peat land increased their productivity
step by step and the chemistry and physically more better than before be manage by this fork irrigation model.
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Figure 3. Showed 27 units that had been managed in the 1% period reclamation at Central and South
Kalimantan (1968-1985)

RESULTS
The result showed that reclamation by fork irrigation model to the soil of this area could produce rice, corn, at medium
level.

Original population cultivated this area by planting native crop rice and traditional cultivation produced about
0.8 to 1.2 ton per hectare and one time harvest annually (Sastrosoedarjo,1996). It is relativity low when be compared with
transmigration cultivated at reclaimed land by simple cultivation (without high intensification and twice harvesting
annually). Table 3 showed the production of rice since 1977-1993.
Table 3. Yield grain rice at South, Centre and West Kalimantan 1977-1993 (ton/ha)

Test farm Research Gadjah Mada University by chemical analysis showed that reclamation by fork irrigation
model capable to decrease limiting factor for example increasing pH, decreasing toxic elements such as Al"**, Fe"™*,CI,
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Table 3. Yield grain rice at South, Centre and West Kalimantan 1977-1993 (ton/ha)

Years South Centre West Average
Kalimantan Kalimantan Kalimantan

1997 1.86 1.46 1.74 1.69
1981 2.3 1.97 2.04 2.1
1985 2.43 2.18 2.18 2.26
1989 2.68 2.17 2.36 2.4
1993 2.89 2.39 2.43 2.57
Increasing 2.09% 2.54% 1.97% 2.20%

(Source: Darwanto,1996)

SO4. By intensification management the yield of rice is about between 4.0-5.0 ton/ha per harvesting or it is produce 9.0-
10.0 ton/ha per annually (Sastrosoedarjo,1996).

CONCLUSION

1. Fork irrigation model on peat tidal swamps land can increasing productivity appraising the land for agriculture
purposed step by step

2. For increasing rice production, in tertiary rice field area, completely substituted and leached original water should be
done.
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ABSTRACT

Restoration and proper agricultural use of tropical peatlands require knowledge of the physical properties of peat
soils. Some physical properties related to changes in hydrological potential of peat soils as affected by agricultural
development were investigated. Selected parameters obtained in selectively logged peat swamp forest were
compared with those obtained in clear-cut and maize-cultivated peatlands. In all cases changes in selected hydro-
physical properties were evidently in the top 0-15 cm layer of peat soils as in developed sites the top layer of peat
soils was subjected to more decomposed as shown by an increase of bulk density and a decrease of fibre contents.
Bulk density of the top 0-15 cm layer was in average 0.14, 0.29, and 0.19 kg dm in selectively logged peat swamp
forest, clear-cut and maize-cultivated peatlands, respectively. Unrubbed fibre contents were in average 74, 35,
and 58% volume basis in selectively logged peat swamp forest, clear-cut and maize-cultivated peatlands, respectively.
Potential of water release, at low suction (high matric potential), was significantly reduced in the top layer. Based
on the three parameter equation reducing potential of water release was attributed by decreasing a rate constant
of water release (k) and maximum volume of water release (V). Valuesof k_andV__ in the top 0-15 cm layer
of undeveloped site were 0.0346 cm™ and 47.69%, whilst in clear-cut and maize-cultivated sites they were respectively
0,0135 cm™ and 44.03%, and 0.0363 cm™ and 41.50%. This three parameter model of potential of water release
may further be developed to estimate available water for growing crops on peat soils at different heights of water
table. At high matric potential there was more water volume over air volume of peat soils under developed sites
compared with undeveloped site. This implies that as a growing medium the quality of peat soils decreases with
agricultural development. Based on correlation analysis changes in selected hydro-physical properties of peat
soils were significantly related to changes in bulk density and fibre contents, and so related to progress of peat
decay.

Key words:  tropical peat soils, potential of water release, bulk density, fibre content, available water

INTRODUCTION

In their natural state peatlands have important values involving sequestration of carbon, regulation of hydrological and
biogeochemical cycles, maintainance of biodiversity, and socio-economic values. On the other side petlands are viewed
as fragile ecosystems and sensitive to disturbances. Once the natural peatland is developed, its values will be changed.

In the tropical zone the pressure for conversion of the natural peatland for economic development is increasing.
Almost 20% of the natural peatland of Indonesia has been developed, in particular for agriculture (Rieley ef al., 1997).
While in Malaysia about 32% of Malaysian peatland has been used mainly for oil palm, sago and pineapple plantations
(Ahmad-Shah & Soepadmo, 1989; Mutalib ef al., 1992; Ambak & Melling, 2000). More recently, the pressure on the
natural peatland has intensified, for example, the ill-fated Mega Rice Project in Central Kalimantan. The project initially
involved construction of drainage and irrigation channels, and by 1998 4,618 km of the channels had been constructed
(Notohadiprawiro, 1998).

The obvious impact of the channel system on the peatland hydrology is to lower the water table (Takahashi et
al., 2002). Decreasing water table, will in turn, influence the distribution of moisture contents over the profile of peat
soils. Change in peat moisture contents evidently relates with some physical properties of peat soils (McLay et al.,
1992). Impact of agricultural development on peat physical properties relevant to moisture measures includes decreasing
in field moisture content, bulk density, total porosity, and available water (Radjagukguk, 2000). Although the study on
peatland hydrology particularly in South East Asia has been increasing (Stahlhut & Rieley, 2002; Takahashi et al., 2002),
there is lack of information regarding water storage capacity of reclaimed peat soils. The need to proper management of
peatland require a knowledge of hydro-physical properties of peat soils. This paper will give a few information of peat
physical properties related to water storage capacity of peat soils.

METHODOLOGY

Study sites

Study sites were located in Central Kalimantan, Indonesia. An area of 10 x 15 km? of peatland was established to collect
peat samples which are representative to undeveloped and developed sites. Undeveloped site was represented by a
selectively logged peat swamp forest which is located in east of the River Sebangau. The forest canopy is covered about
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70% and dominated by ramin (Gonystylus bancanus), tumih (Combretocarpus rotundatus), and belangeran (Shorea
balangeran) (Tuah, et al., 2000). The shrub layer is characterized by members of the families Pandanaceae, Orchidaceae,
Arecaceae, and Nephetaceae. During peat sampling in the late rain season of 2001, the water table was positioned near
the surface.

Developed area is being used for agriculture and located in the Kalampangan village. Local inhabitants have
cultivated the area since the 1980s mostly for vegetables, pineapple, and maize. Peat samples were collected in maize-
cultivated area in which maize is being cultivated by most local inhabitants. The water table in this area varied between
30 and 60 cm below the surface during peat sampling. As well as maize-cultivated area one site of clear-cut peatland was
selected in an adjacent area of cultivated peatland which is mostly overgrown by alang alang (Imperata cylindrica).

Peat sample collection and laboratory analysis

Peat sample collection was conducted during the late rain season of May 2001. Two kinds of soil samples were collected.
Firstly, bulk peat samples were taken from the 0-15 cm, 15-45 cm and 45-100 cm layers of the profile. Secondly, peat
cores collected by a metal cylinder with 5 cm in diameter and height were taken from the 5-10 cm, 25-30 cm and 55-60
cm layers of the profile. Prior to introducing into the laboratory peat cores were covered on both sides with their plastic
caps and coated with wax to prevent dewatering during transfort and storage. Each sample for each layer was analysed
individually.

Peat properties determined included field moisture content, bulk density, fibre content, and some properties
related to the hydro-quality of peats. Field moisture content and bulk density were determined using peat cores, and
other peat properties were determined using peat bulks. Field moisture content was determined gravimetrically after
oven drying at 105°C for at least 4 hours (Houba ef al., 1986). Values of the field moisture content were expressed in
volume %. Bulk density was determined by oven-drying peat cores at 105°C to constant mass. Dry bulk density was
calculated as the oven-dried mass divided by the field volume of each peat core and expressed in kg dm™ (Black, 1965).
This bulk density is so called as field bulk density (Andriesse, 1988). Fibre content was determined volumetrically
following the procedure proposed by Linn et al. (1974). Fibre content was calculated as volume % of fibres before and
after rubbing.

On the basis of determination of moisture retention at some levels of water suction (matric potentials) together
with of bulk density, the hydro-quality of peats was calculated and expressed as air volume, easily available water, water
buffering capacity, and available water. Pore distribution could also be calculated and expressed as range of equivalent
diameter, total porosity, macro and micro pores. All calculation were run using the procedure described in Puustjarvi
(1973) and Verdonck et al. (1973).

Processesing data

Comparison of field moisture content, bulk density, and fibre content of peat soils under undeveloped and developed
sites was analysed using one-way analysis of variance (Anova) with land use types as fixed effects (Sokal & Rohlf,
1969). All data were previously tested for variance homogeneity using Bartlett Test at P < 0.01. When the test indicated
that raw data violated the assumption of variance homogeneity, the data were transformed using logaritmic transformation.
The Duncan Multiple Range Test was used for comparison tests of means. The data were presented in means and their
standard deviation.

The strength of associations between bulk density and fibre content regarding as physical indices of peat decay
(Blackford & Chambers, 1993; Brady, 1997) and the hydro-quality of peats was analysed using analysis of correlation
and its results were expressed in Pearson correlation coefficients. Significance test in correlation was confirmed using #-
Test (Sokal & Rohlf, 1969).

Water release capacity of peat soils under different land use types was curved as a function of suction height of
water column. The three paramater equation was produced to fit the curve:

Vwr = Vmax e+ (1 - Vmax)e_kwrh + Vs

where Vis volume of water release (%), V,, _is volume of maximum water release (%), V_ is volume of peat particles
(%), k,, is rate constant of water release (cm™), and 4 is suction height of water column (cm).

Hydro-quality of peat soils as a medium of grown crops was evaluated by construction of air:water ratio curve
(Verdonck et al., 1973).

RESULTS AND DISCUSSION

Physical indices of peat decay

Comparison of several peat physical properties including bulk density, and unrubbed and rubbed fibre contents over land
use types at three peat layers was presented in Table 1. The properties provide the basis for describing the progress of
peat decay. In general the properties significantly changed in the top 0-15 cm layer and followed the order of peat decay.
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Bulk densities in the study
sites ranged from a minimum of 0.12 Table 1. Comparison of physical indices of peat decay under undeveloped peatland (I),
maize-cultivated peatland (II), and clear-cut peatland (IIT) at three different peat
layers

kg dm? of the top 5-10 cm layer in

the undeveloped site, to a maximum
> . Peat Layer Peatland Type
-3 _ Peat Properties

1 of 0.'31 }i(g (im ofthfz top Sh 10 crrll (cm) - T T
ayer in the clear-cut site. The results 5730 G 5-10 0.15(02)a | 0.190D)a | 0.29(.03)b
were in general agreement with those | (kg dm™) 25-30 0.15(.02)a 0.23(.06)a 0.19(.02)a
of Driessen and Rochimah (1977). 55-65 0.17(.04)a 0.16(.03)a 0.18(.00)a
. . Unrubbed fibre content 0-15 74.0(6.3)a 58.0(5.9)b 35.0(5.0)c
They surveyed Indonesian peat soils | 5.0/ 15 - 45 5690975 | 62.07.1%a | 523(2.7)a
and showed that the bulk densities of 45-100 60.6(3.6)a 61.5(5.0)a 62.7(3.0)a
peat soils sampled from the peat Rubbed fibre content 0-15 36.9(6.0)a 35.0(10.5)a 11.72.7)b
. . (%,v/V) 15-45 24.6(7.7)a 33.0(6.6)b 22.0(4.4)a
swamp forest in the River Sebangau, 45100 2630243 36.06.5)b 36302.7)b

Central Kalimantan ranged from 0.10 * Data presented as means and their standard deviation. Values followed by the same latter for each row are
to 021 kg dm-S. Whlle the bulk not significantly different after Duncan Multiple Range Test at P < 0.05.
densities of peat deposits in South
Sumatra and Riau varied from 0.07 to 0.22 kg dm™ (Brady, 1997). Wood-based peat deposits are in general
characterised by a higher bulk density, as evidently proved in this study. The study showed that the bulk density of
peat soils, especially in the top layer under the developed sites were significantly higher than that under the
undeveloped site. In the developed peatland peat materials are commonly more decomposed and subsequently fine
materials are resulted in. Arrangement of fine materials into the intrinsic peat structure results in closer contact among
particles and in turn lower total pore space. The lower the total pore space is, the higher the bulk density is resulted in.
Unrubbed fibre contents in the study sites varied from 30% of the top 0-15 cm layer in clear-cut site to 84% of
the top 0-15 cm layer in undeveloped site. Fibre contents of peat soils were significantly lower in the top layer of
developed sites compared to those in undeveloped site. Based on the criteria of USDA (Soil Survey Staff, 1975),
humification degree of peat material in the 0-100 cm layer of undeveloped site is classified as fibric in the top 0-15 cm
layer, followed as hemic in the lower layer. In developed sites peat materials are classified as hemic in the 0-100 cm layer
of maize-cultivated site, and as sapric and hemic respectively in the top 0-15 cm layer and the lower layer of clear-cut
site. Unrubbed fibre contents are evidently good agreement with bulk density as physical indices of peat decay.

Hydro-physical properties of peat soils
Table 2 shows the strength of associations between physical indices of peat decay and some hydro-physical properties of
peat soils. All selected hydro-physical properties of peat soils except for water buffering capacity significantly correlate
with fibre content and bulk density of

peat soils. This implies that with  Table2. Pearson's correlation coefficient (r) between physical indices of peat decay and
progress of peat decay some hydro- selected hydro-physical properties of peat soils

physical properties of peat soils Bulk Density Unrubbed Fibre Content
including field moisture content, air | To@!Porosity 07733 05024
. M P -0. 29 3 ok ok . 1 ek
volume, available water, macro pores acro fores 08290 06318
. . Micro Pores 0.6865%** -0.6111%**
and total porosity decreased and micro
. . Air Volume -0.6578%** 0.6375%**
pores increased. As peat materials were
Easily Available Water -0.5333%x* 0.2704™
more decomposed as a result of _ ‘ .
Itivation, finer materials and closer | o oo e CePe noe oo
cultty ’ . Available Water -0.6307*** 0.3360*
contacts among peat partlcles were Significance test of » was carried out by #-test (n = 45). The r values followed by asterisk of * and *** indicate
i respectively significant association among appropriate pairs of data at P < 0.05 and P < 0.001. Those followed
resulted 1n.

by asterisk ™ indicate not significant association at P < 0.05.

Potentials of water release

Cultivation and development of peatland evidently influenced water release potentials of peat soils at high matrix potentials.
Potentials of water release were described by the three parameter equation. Results of fitting water release data with the
proposed model are presented in Figure 1. Potentials of water release of peat soils under clear-cut and maize-cultivated
sites were lower than those under undeveloped site. Reducing potentials of water release was attributed by decreasing
rate constant of water release (k, ) and maximum volume of water release (V, ). Valuesofk andV  in the top 0-15cm
layer of undeveloped peatland were 0.0346 cm™ and 47.69%, whilst in clear-cut and maize-cultivated peatlands they
were respectively 0.0135 cm™ and 44.03%, and 0.0363 cm™ and 41.50%.

Changes in k, _and V| _were consistent with changes in some hydro-physical properties of peat soils. They
showed negative correlation with bulk density and in turn, negative correlation with micro pores and positive correlation
with total porosity and macro pores. This signifies that the rate constant and maximum volume of water release decreased
with the progress of peat decay.
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Air: water ratio

The ratio of air and water volumes at high matric potential values (low suction) is very important. The suction at which
the volume of air is equal to the volume of water is shown by the intersection of the volume % of air and water curves
(Figure 2). The position of this point indicates the quality of peat (Verdonk ef al., 1973). Compared to developed sites
the suction on which the intersection occurs is lower in undeveloped site. This implies that the quality of peat soils under
developed sites reduced.

CONCLUSION
1. Development and cultivation changed physical dimensions of the peat soil including an increase in bulk density
and a decrease in fibre contents. This, in turn, changed some hydro-physical properties of peat soils.

2. Decreasing k,_and V__, attributed reducing potential of water release. They changed consistently to the progress
of peat decay and changes in some hydro-physical properties of peat soils.

3. At high matric potential there was more water volume over air volume of peat soils under developed site compared
with undeveloped site. This implies that as a growing medium the quality of peat soils decreased with agricultural
development.
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Figure 2. Water:air volume ratio of the top 0-15 cm peat layer at different suction heights under (a) undeveloped peat
forest, (b) maize-cultivated peatland, and (c) clear-cut peatland. Symbols and lines respectively represent
observed data and fitted data.
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ABSTRACT

The study aimed to express effect of polyphenol on growth and yield of rice. Its effect was related to N availability.
The study was carried out in two experiments. The first experiment was carried out to measure polyphenol in
peat soil using Completely Randomised Design. Treatments tested involved combination of liming and N-
fertilisation. The combination composed of 0, 22.5, and 45.0 g lime pot', and 0, 2.14, and 4.28 gNpot!. T h e
second experiment was carried out to study effect of polyphenol on growth and yield of rice var. Membramo. The
experiment was designed following Completely Randomised Design with two factors as the first experiment. The
study showed that polyphenol content in field conditions was much higher (1,121.33 mg.kg') than that in pot
conditions (487.30 mg.kg!). Application 45.0 g lime pot! was able to increase peat pH of 1.2 units. There was
interaction between lime and N on growth and yield of rice in peat soil. Rice grown on peat soil without lime and
N showed poor growth and lower yield. The highest weight of dry-paddy (48.48 g. clump™) was obtained at
application of 22.5 g lime.pot” and 4.28 g N.pot™.

Key words: polyphenol, peat soil, rice

INTRODUCTION

Peat decomposition process in anaerobic condition produces various organic acids including an aliphatic group such as
acetic acid, formic acid, propionic acid, and butiric acid, and an aromatic group including phenolic acids such as
hydroxybenzoic, ferulic, coumaric, and vanillic acids (Flaig et al., 1975; Hartley & Whitehead, 1985; Saragih, 1996).
Phenolic compound that mostly inhibit the growth of crops is p- hydroxybenzoic acid (Stevenson, 1982; Hartley &
Whitehead, 1985).

Amount of phenolic compound that is toxic for crops depends on kinds of phenolic and crops. Concentration
0f 0.01-3 mM is toxic ranges for most crops (Hartley & Whitehead, 1985; Sabiham et al., 1995; Saragih, 1996). Phenolic
compound results in damages due to its ability to form complexes with protein through hydrogen bonding (Harborne,
1996) and protein, in turn, is difficult to be decomposed by decomposer organisms and enzymatic activities are reduced
(Handayanto, 1994). Tannin inhibits the growth or the function of decomposer organisms through enzymatic retention
and subsequently nitrogen becomes unavailable (Palm & Rowland, 1997).

Effect of phenolic acids on crops involves inhibited seedlings, dwarf crops, damaged root systems, inhibited
nutrient uptake, chlorosis, wilted and death. Direct effect of phenolic compound on crop growth is damages on metabolism
processes such as respiration, synthesis of nucleic acid or protein (Sabiham, 1993). This study was to express effects of
polyphenols on rice growth in peat soils, by which their effect was related to nitrogen availability.

MATERIALS AND METHODS

The study composed of two experiments carried out in laboratory and glass house. Peat soil used was hemic peat from
Kalampangan village, Central Kalimantan. Indicator crop is rice crop var. Membramo. Polyphenol determination applied
methanol extraction method (Anderson & Inggram, 1993).

First experiment

This experiment was carried out to measure polyphenol in peat soil using Completely Randomised Design. Treatments
tested involved combination of liming and N-fertilisation. The combination composed of 0, 22.5, and 45.0 g lime pot™,
and 0, 2.14, and 4.28 g N pot'. Weight of 0.3 kg of air-dry peat was added into pot, mixed with lime and Urea fertiliser
according with treatment applied. Peat with its contents was flooded and incubated during 3, 6, 12, 24, and 48 days.

Second experiment

The second experiment was carried out to study effect of polyphenol on growth and yield of rice. The experiment was
designed following Completely Randomised Design with two factors. Factors and their levels were equal to those in the
first experiment. An amount of 3.5 kg of air-dry peat was added into container. Two weeks before planting, lime was
added, mixed, and incubated in flooded condition. Urea fertiliser was added in two times namely 2 and 6 weeks after
planting. To all containers triple superphosphate (TSP), KCI and micro fertilisers were added together with the first time
N fertilisation. Height of water in containers was maintained at 10 cm above peat surface, and one week before harvesting
the surface was dried.
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RESULTS AND DISCUSSION
Polyphenol
Dynamics of polyphenol release into flooding water in pot 30 -
that was added by single N or combination N and lime —8— LOND
showed similar trends during 48 days of incubation time —4— LONI

. L. . 25 1 —a— LONZ
(Fig.1). Polyphenol concentration increased rapidly to reach L1
a maximum point at 20 days of incubation time, and after LZMzZ
next decreased rapidly. This indicates that polyphenol
released from peat into flooding water was lost or changed
to non-extractable form. Polyphenol concentration obtained
in this study was much lower than that in field-flooding
water, 556-811 mg kg'. This can be explained that water
used in this study was distilled water. After 48-day
incubation time, total polyphenol contained in peat and 5
flooding water was lower than that in initial peat sample,
866-1,412 mg.kg!. This implies that during storage of 0 T T T r s
sample and incubation extractable polyphenol was lost or 1 10 20 30 40 &0
changed. Time [Days)

Application of N fertiliser and lime influenced on

polyphenol contents in flooding water. Until 24 days of  Fjgure 1.  Release of peat polyphenol into flooding

— 3
Lh =1
1 L

—
o}
1

Folvhenol i(mgkg 1‘;

incubation time, polyphenol content increased with water during 48 days of incubation time.
increasing N doses (without lime), and also with increasing Symbols of L0, L1, and L2 represent 0, 22.5,
lime doses with N fertilisation of 4.28 g N pot!. Liming and 45.0 g lime.pot!, and NO, N1, and N2
with higher doses resulted in higher content of polyphenol represent 0, 2.14, and 4.28 g N.pot'.

at 12 and 24 days of incubation time. In contrast, after 48
days polyphenol content was not influenced by N fertilisation
without liming. Similar result was also obtained from N
fertilisation of 4.28 g N with liming 22.5 g lime pot!. However, at application of 4.28 g N and 45 g lime polyphenol
content of peat decreased almost 38.71% after 48-day incubation.
In the second experiment interaction between application N and lime at harvesting time (Fig.2) influenced
polyphenol content of peat grown by rice crop.
Polyphenol content of peat decreased with

increasing lime doses without N fertiliser. — 118807

137.53
Total nitrogen 1150 1085 44 [T 1089.15
In the first experiment total N content in flooding | = "% 1 - _ —
water changed as a result of treatments during | = 1050 {" " 102452
incubation (Fig.3). There was a decrease in total N E 1000 | S ]
content at all treatments with increasing time of E 250 =
incubation. Total N content of peat (peat + flooding E 200 BEDAZ
water) after 48 days of incubation was lower than 5 . o
that in initial peat sample, 1.61% (Table 1). 2501 #1523
Application of lime did not influenced on total N 500 1 |_|
content of flooding water during incubation time. e - - T T T - - - :
This may be related with limited ability of lime to LOMD LONT LOMZ LIMD LTMT LTNZ LEZND LZMT LZMN2
increase pH and shorter incubation time. However, Treatment

application of 45.0 g lime pot' increased pH from
2.8 to 4.0, microorganism activities were still lower.
In the second experiment, total N content of peat at
harvesting time was affected by interaction between
liming and fertilisation.

Figure 2. Effect of application of lime and N on polyphenol
content of peat soil measured at harvesting time.
Legends are referred to Fig.1.

PH

Treatments tested in the first experiment affected pH of flooding water during incubation (Fig. 4). pH of flooding water
increased significantly with increasing lime doses up to 45.0 g lime pot'. Application of 4.28 g N.pot! did not affected
peat pH after 48 day incubation time, but such peat pH was still lower (pH 2.8) than that of initial peat pH (pH 3.6).
Application of 45.0 g lime pot™! increased peat pH to pH 4.0. In the second experiment, peat pH at harvesting time was
not influenced by interaction between lime and N, but single liming affected significantly on peat pH (Fig.5).

Chlorophyll and paddy yield
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Table 1. Means of total N content (%) and pH (pH H,O) of peat soil and polyphenol
content (mg.kg") of peat soil and flooding water after 48 days of incubation
time with application of lime and N

Treatment Total N pH of Polyphenol
of peat peat

peat water total
LONO 0.88a 2.80a 766.11b [2.23a 768.34
LONI 0.97 ab 2.70a 763.75b [2.45a 766.20
LON2 1.00b 2.73a 794.66b |3.09a 797.75
LINI 1.01b 3.90b 665.57b |5.67b 671.24
L2N2 1.06 b 4.00b 469.53a |7.12b 476.65

Notes: Polyphenol content of peat initially used is 1,121.33 mg.kg”. Means followed by the same letter

are not significantly different at LSD 5

Total N (%)

Time (Days)

Figure 3.

Release of total N into flooding water
during 48 days of incubation time.
Legends are referred to Fig.1.
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Figure 4.  Change in pH of flooding water during

48 days of incubation time. Legends
are referred to Fig.1.
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Figure 5. Effect of applicaton of lime and N on

pH and total N content of peat soil
measured at harvesting time. Legends
are referred to Fig.1.
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Figure 6. Effect of application of lime and N on
chlorophyll in paddy leaves and yield
of rice. Legends are referred to Fig.1.

Interaction between lime and N affected contents of chlorophyll-a, chlorophyll-b, and total chlorophyll contained in
paddy leaves. The highest contents were obtained at application of 4.28 g N pot! and 22.5 g lime pot™'. Interaction
between lime and N also affected dry-paddy yield per clump, and the highest yield was obtained at application of 4.28 g
N pot! and 22.5 g lime pot™! that also resulted in previously the highest contents of chlorophyll (Fig.6).

CONCLUSION

1. Field polyphenol content was much higher (1,121.33 mg.kg!) than that in pot conditions (487.30 mg.kg™).

2. Application 45.0 g lime pot! was able to increase peat pH of 1.2 units.

3. Interaction between lime and N affected growth and yield of rice in peat soil. Rice grown on peat soil without lime
and N showed poor growth and lower yield. The highest weight of dry-paddy (48.48 g. clump™) was obtained at
application of 22.5 g lime.pot™! and 4.28 g N.pot ™.
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ABSTRACT

Peat land area is a unique and fragile ecosystem so that the management of the peat land area needs comprehensive
understanding components of peat land ecosystem and their relationships in the ecosystem. Development of
agricultural area on the peat land needs specific techniques, particularly in water management. Application of
inappropriate techniques cause the peat layers disappeared. Many places leading to catastrophe, because the
agriculture systems are not based on the peat layer but on mineral materials. Under organic material of peat dome
contains brackish sediment that normally compose of sulfidic materials. Over drainage of peat land containing
brackish sediment causes acidic.

The reclamation of peat land area by government mostly still used open drainage system with long and
large canals without considers ecosystem boundaries and spatial arrangement of land use. Consequently large
areas of cultivated area are abandoned. Dealing with the above experiences this paper will discuss about the
concept of peat land management system that regarding environmental aspects of peat land ecosystem. This system
believes that the island or delta is an ecosystem unit of the peat land; therefore the management of peat land has
to consider the boundaries of island or delta. The landscape of the island or delta should be analyzed to determine
the position of conservation areas and cultivated areas. We suggest the conservation area is located on the inland
of peak dome whereas the cultivated on the foot slope and riverside area.

The proportion of conservation area and the cultivated area can be calculated based on the balance of
water surplus that retained by the conservation area to the amount of water that needed for irrigation and
maintaining water level of the production area during the dry season. The appropriate special arrangement can
reduce deforestation of conservation area, plantation crops such as coconut, oil palm, rubber, and forest plantation
threes should be developed by government or private companies. The area for plantation is designed between
cultivated area and conservation area. This system will reduce significantly the illegal logging practices penetrate
to conservation area.

Key words: peat land management system, spatial arrangement, water management technique

INTRODUCTION

Development of peat land area in Indonesia has been started since the year 1920 by some traditional ethnic groups such
as Chinese, Banjarese, and Bugise using very simple closed drainage system (Sumawinata, 1992). They developed 3 to
5 km long from the rivers that still influenced by tidal water. They conserve natural forest as source of fresh water in the
dry season. These traditional agricultural practices still exist until nowadays. Unfortunately, many reclaimed areas become
abandoned due to extensive conversion of forest in the peat dome area to enlarge cultivated area. Up to now, government
has difficulties to control the conversion of peat land forest to cultivated area.

In the year 1970 the Indonesian government with the support of the World Bank tried to develop relatively large
scale coastal peat land area in Kalimantan and Sumatra mainly for cultivation of rice. However, most of the island or
delta is planned to convert into cultivated of rice without planning for conservation area. With this system the peat layer
continue to disappear due to subsidence process is inevitable, ultimately the sustainability will be disturbed. The reclamation
carried out using open drainage systems with long and large canals without consider ecosystem boundaries. Open canals
system causes the difficulty of controlling the water table. Consequently, water and soil of the peat land becomes acidic
due to oxidation of pyrite mineral. Nowadays most of the areas are unproductive and abandoned.

Around the year 1990 the private sectors also participate in the development of coastal peat land area to develop
plantation of coconut, oil palm, and industrial forest plantation for supporting industries. They use closed drainage
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system and consider the ecosystem boundaries. This system is relatively success to enlarge plantation area in the coastal
peat land. Therefore plantation crops are the other alternative crop rather than rice that has been developed until nowadays.
According to the above history, there are various problems following the conversion of peat land to cultivated
land. The most important problems is water management system that allow the management of some areas for cultivation
of food and the other areas for source of fresh water for irrigation and flushing of acid water in the cultivated areas. The
other problems are how to arrange agricultural crops and natural forest in the peat land and how to calculate the proportion
of cultivated area and conservation area in the island or delta in order to maintain the balance of ecosystem. This paper
will discuss the concept of peat land management by using water management system and land use management techniques.
If this system practices properly, it will guarantee of the maintaining natural forest from deforestation of human being.

WATER MANAGEMENT CONCEPT

Most of peat land management is not successful due to mismanagement of water. In natural condition peat land absorb
water stagnant. Reclamation of peat land should be prepared by managing water with drainage system. Basically there
are two drainage systems, those are open drainage system and close drainage syatem. The reclamation of peat land
designed by government are carried out using open drainage systems with long and large canals without consider ecosystem
boundaries. These canals use both for drainage water and transfortation facility. Long and large canals system causes the
difficulty of controlling the water table. Consequently, water and soil of the peat land becomes acidic due to excessive
oxidation of pyrite mineral. Most of cultivated areas become abandoned.

We suggest using close drainage system rather than open drainage system. This system allow the reclamation of
peat land area to cultivated area should be accompanied by conservation of water resources area in the forest carefully
and appropriately. Conservation area is managed by reliable basic science and more applied of local knowledge such as
fire control and wise utilization of water. The drainage system should consist of shallow drains and narrower spacing
instead of deep drain with large pacing (Ritzema et al., 1998). This system allow easier to control water level across the
drain. This system is also facilitated by water gate with stop lock system.

The water management system shoul consider that island or delta is managed under one water management.
Fragmentation of water management system in the same island or delta will causes the destruction of peat land ecosystem.
Many locations, island and delta is developed by many water management systems due to different province or district in
that area. In that case the management of water should be discussed together involving all stakeholders in that island.
Two questions should be answered to manage the water system of peat land in the island. Firstly, where will be developed
the cultivated area and conservation area? Secondly, what the proportion of both cultivated and conservation areas?

According to traditional agricultural practices, the cultivation area is selected near the sea or rivers and foot slope
where tidal water still influenced. Usually the distance of 3 to 5 km from the rivers is still favorable for cultivation area.
In big island such as Pulau Petak in South Kalimantan, within that definition only a small area can be developed for
cultivation area. Such that case the development of canals can be made to increase the cultivation area. On the other hand,
the location of conservation area is selected in the peat dome. Peat dome area that functions as water storage for lower
region is usually located in the middle of island. The altitude of peat dome area is higher than cultivated area. Two
functions of peat dome area are as follows. (1) As water storage for supplying water in the dry system and to conserve
area from flooding in the wet season. (2) As conservation area to conserve the water level and biodiversity.

The proportion of conservation and cultivated area is calculated based on the balance of water surplus that retained
by the conservation area to the amount of water needed by the cultivated area during the dry season (Figure 1).

The amount of maximum water holding capacity (WHC) of peat dome can be calculated by equation (1) as
follows:

L > . ——>.
R YRS - E O - P
L :

Peat Soil

Levee

Brackish Sediment

Figure 1. Schematic of peat dome as conservation area and foot slope as cultivated area.
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WHC=(E1-E2)x 0.6 xLx 0.9 ........ )

where L: width of conservation area (m), X1 and X2: foot slope area, E1: elevation of peat dome (m), E2: water elevation
in the canal (m), where 0.6 is geometric-form factor, and 0.90 is the average porosity of peat. The unit of WHC is m?®. The
water content of peat during field condition is about 45%(v/v). Therefore, the water capacity will be release during dry
season is about 50%. The water flux through subsurface can be calculated by equation (2) and (3) as follows:

(X1+ X2) x water deficit < (E1-E2) x 0.6 x Lx0.9x 0.5 ....... (2)

Water flux [q(m*/day)] = ((E1-E2)/0.5 L) x permeability ...... (3)

LAND USE MANAGEMENT CONCEPT

The basic concepts of peat land management have been applied by many traditional inhabitants of Indonesian. In the tidal
zone, they reclaim by digging of drainage channels inland from the river and sea. This concept allows advantage to drain
acid water and use tidal water for irrigation. They also conserve the forest in the peat dome as source of fresh water
resources for irrigation in the dry season. This design is effective for cultivation of paddy and upland crops.

The success of traditional inhabitant to reclaim the peat land for agricultural cultivation forces the use peat land
excessively. Peat layers are destroyed by burning resulting in devastation of land that is not suitable for growing crops.
Deforestation and intruding of human community causes the loss of not only peat land on the foot slope but also forest on
the peat dome that function as water reservoir. Efforts to reduce deforestation in the conservation area from illegal
logging are always unsuccessful due to economical reason of human live around the conservation area.

To reduce deforestation of conservation area, the following land use management technique is recommended.
Four points of this concept are noted as follows. (1) Rice is not the only crop recommended in the peat land but perenial
crops such as coconut, oil palm, rubber, acacia, etc are the suitable crops cultivated in the peat land. (2) Rice that needs
high nutrient requirement is cultivated in shallow peat in the river side whereas plantation is cultivated on the foot slope
area. (3) Annual crops such as rice is cultivated intensively by farmers while plantation is cultivated by private company.
(4) Plantation area is designed between conservation area and cultivated area.

If the above land use management concept is applied consistently, we hope that illegal logging will decrease
because conservation area and cultivated area is separated by plantation that managed by private company. Private company
can control channels by water gates so the canals can not use by illegal loggers for transferring their logs. In this system,
government just encourages private company for maintaining conservation area by monitoring of landsat images. It is
clear that the water management system will sustain because plantation has to control the water level and water quality
for sustainability of its crops. Consequently drainage water from plantation area can be used for rice cultivation on the
downstream. The example of water management system has been proposed to used in peat land on industrial forest
plantation at Bukit Batu, Riau such as illustrated in Figure 2.

Conservation area

Plantation Area A

Plantation Area B

Peat Dome

Productive Area for
Farmers

Figure 2. The example of land use management of peat land in Bukit Batu, Riau.
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CONCLUSION

The management of peat land for agricultural uses has to consider that island or delta is one unit of ecosystem. The
reclamation of peat land area for cultivation crops should be considered water management system especially fresh water
from conservation area. The location of conservation area is located on the peat dome and its surrounding whereas the
cultivated area is in the foot slope and river side. The proportion of conservation area can be calculated based on the
balance of water surplus. To reduce deforestation by illegal logger, the plantation area managed by private company is
allocated between conservation area and cultivated area.
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ABSTRACT
Field surplus nitrogen (N) and farm disposal N are major sources of water pollution in farming systems. These
sources are estimated from N budgets in fields and whole farms, which are associated with the production and
consumption of food and feed. This study was conducted to investigate N budgets to estimate magnitude of pollution
sources in 4 villages with different types of agricultural activities, soils and surrounding conditions, in central
Kalimantan, Indonesia. Questionnaire survey for estimating N budgets was conducted to the head of 4 villages of
Bukit Rawi (mixed cultivation of rice and upland crops at inland podzolic soil area associated with lake),
Kalampangan (mixed vegetable cultivation and animal husbandry at inland peat soil area), Seberang Pasar II
(rice cultivation at coastal peat-lost clay soil area) and Pangkoh IV (mixed vegetable cultivation and animal
husbandry at coastal peat-losing clayey soil area).

Field surplus N was less than 30 kgN ha! y! in 3 villages other than Pangkoh IV where that was 109 kgN ha!
y'. Less than 103 kgN ha' y! of field surplus N was estimated to maintain optimal drinking water quality. There
was a significant positive correlation between the averaged field surplus N and averaged N application rate. Chemical
fertilizer N application rate in Pangkoh IV was 110 kgN ha' y! which was almost equal to the field surplus N.

Disposal N was estimated as 15 kgN ha' y! to 160 kgN ha! y'. All human excreta was discarded in all
villages, which ranged from 13 kgN ha y! in Seberang Pasar II to 112 kg N ha' y! in Bukit Rawi. Although there
was no animal manure in Seberang Pasar II, only 30 kgN ha' y! was used for manure in Kalampangan and
Pangkoh IV. However, almost all livestock excreta of 89 kgN ha! y! was used for fish feeding in Bukit Rawi. The
sum of disposal and field surplus N as total N pollution source was 28 kgN ha! y' in Seberang Pasar II, but it
ranged from 114 kgN ha y! in Bukit Rawi to 250 kgN ha y! in Pangkoh IV. This was due to high proportion of
purchased food N and grazing N in total input N. If farmers quit chemical fertilizer application, total N pollution
source can exceed 103 kg N ha' y'.

Key words: N cycling, nitrate leaching, tropical peat, water pollution

INTRODUCTION

Chemical N fertilizer and the cultivation of leguminous crops account for 60% and 25% of total N increased by human
activity, which have been seriously unbalancing the N cycling in both regionally and globally (Vitousek et al., 1997).
Generally, many of plant species living in natural ecosystems are adapted to the soils with low levels of available N.
Modern agriculture has increased crop yield by intentional application of chemical N fertilizer as well as manure N to
maintain soil fertility and well-adapted plant species to the soils with high level of available N. While intentional N
applications in agricultural fields have increased crop productivity locally, surplus N occurred in agricultural fields has
diffused to atmosphere and aquasphere regionally and globally. Furthermore, trade of food and feed has drove N among
regions of the world and much of N has been disposed of in intensive livestock farm as well as urban area.

A comprehensive approach to estimate field surplus N and disposal N based on the calculation of N flow associated
with production and consumption of food, together with biological processes for N transformation, has been developed
and used to determine the impact of N cycling in farm, community and regional systems (Guo & Bradshaw, 1993; Hatano
et al., 2002; Matsumoto, 2000; Matsumoto et al., 1992 a, b, ¢; Nagumo & Hatano, 2000; Watson & Atkinson, 1999;
Zebarth et al., 1999). Watson and Atkinson (1999) suggested that ignorance of biological N transformations such as
denitrification and ammonia volatilization led to more than a 50% overestimate of field surplus N. Matsumoto et al.
(1992 a, b, ¢) and Matsumoto (2000) showed that the disposal N in a Japanese urban area was considerably larger than
field surplus N due to the human diet. Nagumo and Hatano (2000) reported that the annual disposal N of 2713 kg N ha
!in another Japanese urban area became a point source of N pollution of stream water through the sewage treatment
facility, while field surplus N ranged from 69 to 99 kg N ha! y!. On the other hand, Guo and Bradshaw (1993) showed
that all human and livestock excreta was applied to paddy fields in a small Chinese village together with other manure
composed of water plants or mud from fish ponds and chemical fertilizer, and the surplus N of 155 kg N ha! accounted
for 69% of N derived from water plants and mud from fishponds. This indicates that water plants and phytoplankton play
a significant role in recycling N discharged from fields. Hatano et al (2002) showed that field surplus N in upland fields
in another small Chinese village ranged from 10.1 to 463 kg N ha! and there was a significant positive correlation
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between the field surplus N and N application rate.

Some recent studies have indicated that the estimated field surplus N is almost equal to the N discharged from the
fields (Barry et al., 1993; Goss & Goorahoo, 1995; Hayashi & Hatano, 1999). However, the amounts of discharged N
measured for the large-scale watersheds were significantly less than the estimated field surplus N, probably due to
denitrification and N uptake by trees in the riparian zone (David et al., 1997; Jordan et al., 1997). Therefore, field surplus
N may help only in an estimation of potential N leaching. From the N budget study in the small Chinese village, Hatano
et al (2002) suggested that the N application rate of 160 to 185 kg N ha™' was the maximum N input within a environmental
capacity to sustain optimal N cycling because N application rate more than 160 kg N ha! increased field surplus N to an
extent greater than crop uptake N, and a N application rate of more than 185 kg N ha™' increased the potential nitrate-N
concentration to more than 10 mg N L' which is critical level for drinking water.

Woli et al., 2002 showed that increase of animal disposal N and field surplus N increased of N concentration in
stream water. N concentration in stream water was positively correlated with upland field ratio (Tabuchi et al., 1995).
Regional N cycling influences not only water quality but also air quality. Ammonia volatilization occurs from manure
processing and field application. (Barry et al., 1993) showed that 28% of total manure N was volatilized as NH, during
manure processing and 10% of manure N applied to the field was volatilized. Increase of NH, volatilization increases
atmospheric NH," deposition even in natural ecosystems. (VanBreemen et al., 1983) suggest that the NH," deposited
contributes to soil acidification through nitrification releasing double equivalent amount of proton in the oxidation of
NH," to NO,". Bobbink et al., 1998 indicate that air borne N (NOx and NH,) can alter primary production and nutrient
cycling and cause significant reductions in biological diversity in terrestrial ecosystems.

Tropical peatland are categorized two major types; topogenous (fresh water swamps) and ombrogenous (rain-fed,
nutrient poor bogs)(Page et al., 1999), indicating that the peatland have been strongly influenced by N deposition.

The purpose of this study was to estimate the impact of agricultural activity on the regional N cycling in central
Kalimantan.

MATERIALS AND METHODS

Study Site

Following 4 villages in Kahayan river basin in central Kalimantan, Indonesia was investigated in this study; Bukit Rawi,
Kalampangan, Seberang Pasar II and Pangkoh IV. Bukit Rawi is located at 12km north from Palangka Raya (S 3°8°18”,
E114°29°14), where in the area of podzols on Kerangus Terrace associated with some lakes. Kalampangan Village is
located at 15km Southeast from Palangka Raya (S 2°15°, E114°01”), where is in the peatland area with about 4 m thickness
of peat layer. Seberang Pasar II village is located at 150 km south east from Palangka Raya and 17km south east from
Kuala Kapuas (S 3°8°18”, E114°29°14”), where is in the peat-lost lowland clay soil area. Pangkoh IV village is located at
30km west from Kuala Kapuas (S 2°53°8”, E114°9°41”), where is in the lowland clayey soil area with peat mixed in the
top 30 cm layer. These villages had different in land use. In Bukit Rawi there were paddy fields along the shore of the
lakes and maize fields on the terrace. Pigs were fed and latan and rubber were harvested in the surrounding forest. In
Kalampangan, the many kinds of vegetables and fruits were cultivated and also large number of livestock was fed.
Seberang Pasar 11 was the typical paddy area in central Kalimantan. Pangkoh IV was the area cultivating vegetables and
pulses and also animal husbandry.

N flow model

Field surplus N estimating potential N leaching and disposal N affecting N concentration in stream water were calculated
as a budget in crop field and in whole farm, respectively. Figure 1 shows the N flow model for calculating the N budget.
Ammonia volatilization was also estimated in the model.

Field surplus N was calculated as the difference between sum of the N inputs and the N outputs in crop field. N is
input to the crop fields through the N flows of manure application, chemical fertilizer application, atmospheric deposition
and N fixation. And also N is output from the crop fields through crop N uptake, denitrification and NH, volatilization.
Surplus N was calculated as the difference between sum of the N inputs and the N outputs in crop field.

Disposal N was also calculated as a difference between the sum of the N inputs and N outputs in whole farm. The
N inputs to whole farms are chemical fertilizer application, atmospheric deposition, N fixation and purchased food and
feed. The N outputs from whole farms are denitrification, NH, volatilization, N leaching and sale for agricultural products.
N flows in the model include N flows through human and natural activities. In order to calculate the N flows through
human activities, the population of human and livestock, human dietary, live stock husbandry, trade of agricultural
products, land use, area of fields, manure and chemical application rate and crop yields are obtained by questionnaire
survey to the head of the villages.

On the other hand, to estimate natural activities, unit values were cited from the literatures or the data books.
Atmospheric deposition was assumed to be 10 kgN ha'! y!' (Bouwman & VanVuuren, 1999). N fixation was assumed to
be 30 kgN ha' y! for paddy, 10 kgN ha'! y! for non-legume, 50% of total N uptake of legume crop, 15 kgN ha'! y! for
grassland (David et al., 1997; Ledgard & Giller, 1995; Yoshida, 1981). Denitrification was estimated as 18 % of chemical
N fertilizer application rate and 1.5 % for manure application rate (Hauck, 1971; Koshino, 1976). Ammonia volatilization
was also estimated as 28 % of manure N stocked in manure barn and 10 % of field applied manure (Barry et al., 1993)
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Excretion rate was assumed to be 44 kgN ha' y! for cattle; 8 kgN ha! y! for goat; 5.5 kgN ha! y! for pigs; 0.6 kgN ha' y! for
chicken (Mckown et al., 1991; Arthun et al., 1992; Hirschfeld et al., 1996). However, human excretion rate was 95 % of
intake N (Holmes, 1971). N contents of foods and feeds were obtained from Standard tables of food composition; Feed
composition table (RC-STA, 1982; AFFRCS-MAFF, 1995)

Estimation of potential nitrate-N concentration
Assuming that all the field surplus N in upland fields is leached away after mineralization and nitrification each year, the
annual mean nitrate-N concentration in drainage water from fields was predicted by dividing the amount of field surplus
N by drainage water volume. Drainage water volume was approximated as the difference between mean annual precipitation
(2705 mm) and evapotranspiration. Mean annual evapotranspiration was estimated by using climatic data observed at
Palangka Raya. The average monthly air temperature, humidity, wind speed, and rainfall data from 1998 to 2001 were
used to estimate monthly evapotranspiration by the Penman method (Penman, 1948) and mean annual evapotranspiration
was obtained as 1677 mm by summing up the monthly values. From these values, drainage water volume was estimated
to be 1028 mm.

Although N leaching is generally related to soil processes, such as denitrification, immobilization, mineralization,
ion exchange, hydrodynamic dispersion or diffusion, such reactions were not taken into consideration. Therefore, the
prediction should be termed the potential nitrate-N concentration in drainage water.

RESULTS
Characteristics of the villages surveyed
The area of the village was almost same, which was about 1000 ha (Table 1). However, the land use pattern in the each
village was considerably different. In Seberang Pasar II, crop lands accounted for 82 % of the whole area, especially rice
paddy area accounted for 98 % of total crop land area. On the other hand, in other villages, crop lands accounted for less
than 10% of whole area. However, in Bukit Rawi, rice paddy accounted for 68 % of total crop land area, while in
Kalampangan and Pangkoh O¢, more than 70 % of total crop land area was cultivated by pulses and vegetables.
Population of human ranged from 1974 in Bukit Rawi to 3163 in Pang IV (Table 2). However amount of human
excreta N was highest in Seberang Pasar II, which is due to higher amount of human dietary in Seberang Pasar II than in
Pang IV (Table 2). Total amount of excreta N ranged from 11208 kg N in Bukit Rawi to 68637 kg N in Kalampangan.
Livestock excreta N accounted for 93 %, 75 % and 61% of total excreta N in Kalampangan, Pang IV, and Bukit Rawi,
respectively, but it accounted for only 3 % in Seberang Pasar II. In Kalampangan and Pangkoh IV cattle and chickens
were the predominant livestock husbandry, and also pigs were predominant in Bukit Rawi. In Seberang Pasar II, only
chickens grazed in the fields.

Table 1 Land use in the four villages surveyed in Central Kalimantan

. Land use (ha)
Villages . . ;
Rice Maize Roots Pulses  Vegetables Fruits Others Total
Bukit Rawi 20 4 0 0 0 5 1071 1100
Kalampangan 0 3 5 47 54 21 1249 1378
SeberangPasar I 900 0 5 0 13 0 208 1125
Pangkoh IV 0 0 3 30 46 2 999 1080

Table 2 human and livestock excreta N in the villages surveyed in Central Kalimantan

Village Human Cattle Goat Pig Chicken total

kegN kgN kegN kgN kgN kegN

Bukit Rawi 4343 (1974 ) 0 ( O0) 0 ( 0 )2489 (1240 ) 45 (. 73 ) 6877
Kalampangan 4750 (2794 )20814 (1296 ) 49 ( 20 ) 100 ( 50 ) 7252 (10335 ) 32965
SeberangPasar 12900 (3000 ) 0O( 0) 66 ( 0) O (C 0 ) 2360 ( 585 ) 15325
Pangkoh 7591 (3163 ) 6745 ( 420 ) 657 (200 ) 84 ( 42 ) 1678 ( 2720 ) 16756

The number in the parenthesis indicates population

Field N budget

Chemical fertilizer N and manure N were mainly applied in the maize, vegetable and pulse fields (Table 3). Especially in
Pangkoh IV, chemical fertilizer N of 138 kg N ha! y! was applied in the vegetable fields. In the maize fields in Kalampangan
and in pulse fields in Pangkoh IV, N was also applied at a rate of more than 100 kg N ha! y''. These resulted in large
amount of averaged total input N of 180 kg N ha! y! in Pangkoh IV and of 96 kg N ha! y! in Kalampangan due to high
proportion of vegetable and pulse fields in land use in these villages. However N uptake by vegetables in Pangkoh IV was
only 18 kg N ha! y!, which was considerably lower than the input N. This decreased averaged crop uptake N in Pangkoh

243



Table 3 N budget in the field in the villages survayed in Central Kalimantan

Village Ccrop Input N (kgN ha'y™) Output N (kgN ha™ y")
Chemical Atmospheric N Lo Total Crop NH; . . Field Total
o Manure . . Irrigation . ... . Denitrification
fertilizer deposition  fixation input uptake volatilization surplus  output
Bukit Rawi Rice 0 0 10 10 5 25 16 0 0 9 25
Maize 17 0 10 10 0 37 60 0 3 -26 37
Roots - - - - - - - - - - -
Pulses - - - - - - - - - - -
Vegetables - - - - - - - - - - -
Fruits 0 0 10 10 0 20 20 0 0 0 20
Average 3 0 10 10 3 26 23 0 0 2 26
Kalampangan Rice - - - - - - - - - - -
Maize 83 30 10 10 0 133 157 3 15 -43 133
Roots 0 0 10 10 0 20 59 0 0 -39 20
Pulses 22 38 10 94 0 164 167 4 5 -12 164
Vegetables 18 31 10 10 0 69 54 3 4 8 69
Fruits 0 0 10 10 0 20 11 0 0 9 20
Average 17 28 10 41 0 96 91 3 4 -2 96
Seberang Pasar Rice 0 0 10 10 5 25 12 0 0 13 25
Maize - - - - - - - - - - -
Roots 0 0 10 10 0 20 18 0 0 2 20
Pulses 69 0 10 97 0 175 173 0 12 -10 175
Vegetables 70 0 10 10 0 90 16 0 13 61 90
Fruits - - - - - - - - - - -
A 1 0 10 11 5 27 14 0 0 13 27
Pangkoh Rice - - - - - - - - - - -
Maize - - - - - - - - - - -
Roots 0 0 10 10 0 20 127 0 0 -107 20
Pulses 83 25 10 54 0 172 87 2 15 67 172
Vegetables 138 42 10 10 0 200 18 4 25 152 200
Fruits 0 0 10 10 0 20 18 0 0 2 20
Average 110 33 10 26 0 180 47 3 20 109 180

IV to 47 kg N ha! y! and resulted in large amount of field surplus N of 109 kg N ha'! y'. On the other hand, in Kalampangan,
each crop uptake N was well balanced with input N. This resulted in field surplus N of almost 0 kg N ha! y..

No chemical fertilizer N was applied in the paddy fields, and N fixation and atmospheric N deposition were main
N inputs in the paddy field. Therefore, in Bukit Rawi and Seberang Pasar II with high proportion of paddy field in the
land use, averaged total N inputs were less than 30 kg N ha! y'!. Consequently, crop uptake N was 23 and 14 kg N ha! y!
respectively, and field surplus N was 2.5 and 13 kg N ha'! y'!, respectively.

Village N budget

Total input N into Seberang Pasar II was only 38 kg N ha! y' (The values were presented as the amount of N per unit crop
land area), which was due to small amount of purchase of food and chemical fertilizer and of grazing (Table 4) . Even in
Bukit Rawi, where was also rice cultivating village as Seberang Pasar II (Table 1), purchased food N of 94 kg N ha'! y!
and grazing N of 99 kg N ha! y! were input into the village (Table 4). Although input N through purchased food was only
24 kg N ha! y'! in Kalampangan, input N through grazing N was 242 kg N ha' y! which was considerably large due to
animal husbandry. In Pangkoh IV, chemical fertilizer N as well as purchased food N and grazing N accounted for large
proportion of total input N. Therefore, total input N in these two villages was 340 and 349 kg N ha'! y!, respectively
(Table 4).

Total output N ranged from 32 kg N ha! y! in Seberang Pasar II to 343 kg N ha! y!' in Pangkoh IV, which was
slightly small in all villages because of N accumulation in human and livestock body (Table 4). Total disposal N from
human and livestock ranged from 15 to 160 kg N ha! y'. All human excreta was discarded in all villages, which ranged
from 14 kg N ha'! y! in Seberang Pasar II to 148 kgN ha™! in Bukit Rawi, depending on amount of purchased food N (The

Table 4 N budget in whole village surveyed in Central Kalimantan

Village ' Input (kN ha™' y™)
Purchased Fishing Purchased thr:g?cil Grazing N Atmospheric N Fixation Irrigation Total
food N N feed N © N e ing deposition N xatio gatio input N
Bukit Rawi 94 18 0 3 99 10 10 3 237
Kalampangan 29 1 0 17 242 10 41 0 340
SeberangPasar 8 0 0 1 3 10 11 5 38
Pangkoh IV 79 0 0 110 124 10 26 0 349
Village Output (kgN ha y'l)
NH NH
Soldcrop  Sold  Fish Feed  Field Human Animal Denitirification volatili 3t‘ Latili o Total
N animal N N Surplus N Disposal N Disposal N ¢ feation vola thzation volat 1Z§t10n output N
(application) (processing)
Bukit Rawi 0 0 89 2 112 0 0 0 24 228
Kalampangan 50 0 6 -2 36 124 4 3 61 282
SeberangPasar 3 0 0 13 13 2 0 0 1 32
Pangkoh IV 16 21 0 109 93 48 20 3 32 343
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value of excreta N was calculated as the amount of N per unit crop land area by using the data shown in Table 1 and 2).
Livestock was fed by grazing and crop residue application. Livestock excreta N was 3 kg N ha! y! in Seberang Pasar II,
while 86 to 219 kg N ha! y'! was produced in other villages. Almost all livestock excreta of 90 kgN ha! y! was used for
fish feeding in Bukit Rawi, although only 30 kgN ha! y! was used for manure in Kalampangan and Pangkoh IV (Table
3).

Potential nitrate-N concentration o o .
Potential nitrate-N concentration in drainage water from the field ~ Table 5 Potential nitrate-N concentration in field drainag:
ranged from 0 mg N L' in Kalampangan to 10.6 mg N L' in water in the villages surveyed in Central Kalimantan

Pangkoh IV (Table 5). Potential nitrate-N in Pangkoh IV exceeded

! e I Y Village NO;-N (mg N L")
10 mg N L' as nitrate-N concentration limit for drinking water. : :
As potential nitrate-N concentration was calculated by dividing Bukit Rawi 0.2
. Kalampangan 0.0

the amount of field surplus N by drainage water volume of 1028 S

. . . . X eberangPasar 1.2
mm as mentioned above, potential nitrate-N concentration in Pangkoh 10.6
drainage water should be 10 mg N L' when field surplus N was
103 kg N ha'’.
DISCUSSION

The previous N budget study in British Columbia, Canada (Zebarth et al., 1999), Hokkaido, Japan (Nagumo & Hatano,
2001) and whole, central and southern China (Zhu, 1997; Abe et al., 1999). Hatano et al., (2002) showed that the increase
of N application rate increased field surplus N significantly although there was a slight variance in the relationship
between them (Fig. 1). The variance probably related to the effects of soil fertility, crop species and micrometeorology.
The relationship between field surplus N and N application rate in the present study was in the range of the variance in the
previous study (Fig. 1). Therefore, the present data was reliable enough to evaluate N budget.

The surplus N in Central Kalimantan ranged from -107 to 152 kg N ha! y*! (Table 3), while it ranged from -24 to
238 kg N ha'! y! in Canada, from -95 to 675 kg N ha! y! in Hokkaido and from -19 to 567 kg N ha'! y! in China. This
clearly indicates that field surplus N in Central Kalimantan was small compared with other countries. However, the field
surplus N was different in different village. Although Pangkoh IV and Kalampangan had similar agricultural activities
characterized by upland cultivation and animal husbandry, whole field surplus N in Pangkoh IV was considerably higher
than that in Kalampangan. This may be due to the difference of trading activities between these villages. Pangkoh IV was
located in the lower Kahayan river basin extending high population area, while Kalampangan was in the upper Kahayan
river basin surrounding peat swamp forest. Therefore, farmers in Pangkoh IV have intensively increased chemical fertilizer
application rate to increase the supply of agricultural production to urban area. However, crop productivity was lower in
Pangkoh IV than in Kalampangan. This is probably due to soil acidification associated with depletion of thin peat layer
in the lower basin near the coast. The deeper clay soils in the coastal area generally includes pyrite which releases
sulfuric acid with proceeding of oxidation (Golez & Kyuma, 1997). On the other hand, the field surplus N in Seberang
Pasar IVwas low due to paddy cultivation although the village was in similar location to Pangkoh IV. In general, paddy
soil reduces soil acidification by ion transformation. The field surplus N in Bukit Rawi cultivating rice was also low.
These facts indicate that field surplus N depends on economy and nature conditions surrounding the village as well as
agricultural activities inside the village.

Zebarth et al. (1999) showed that the 200
annual field surplus N required to obtain optimal 200 k o Hokkaido
N cycling in British Columbia, Canada, was below <~ A China °
50 kg N ha! y'!. On the other hand Hatano et al. o 600 I o Canada A
(2002) estimated the optimal field surplus Nin <= 500 [ o Kalimantan
Quibainong, southern China from 73 kg N ha' y*! %1) 400 F o A
o . . & o
for obtaining optimal crop yield to 91 kg N ha'y! <
for obtaining potential nitrate-N concentration less % 300 F o4 A 4
than 10 mgN L' In present study, the optimal = 200 ZE&A
field surplus N of 103 kg N ha' y'! was estimated g 100 &
for obtaining potential nitrate-N concentration less = 0 M T T
than 10 mgN L-'. As mentioned previously, E
potential nitrate-N concentration can be estimated -100
as one tenth of drainage water volume in unit of -200
mm (Barry et al., 1993; Goss and Goorahoo, 1995; 0 200 400 600 200 1000
Hayashi and Hatano, 1999). The difference
between optimal surplus N values in the previous N application rate (kgN ha™ y™)

studies and the present study was due to the
differences in dilution effect depending on amount
of precipitation. The field surplus N in only

Figure 1. Relationship between N application rate and field surplus N.
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Pangkoh IV exceeded the optimal field surplus

N of 103 kg N ha! y!, which was 109 kg N ha'! 3000 )

. . 1 o . o Hokkaido
y!. The chemical fertilizer application rate in 110~ = 2500 F 3 o
kg N ha! y! corresponding to field surplus N, ™ 4 China
which indicated that chemical fertilizer .8 2000 F ® Kalimantan
application is not necessary in Pangkoh IV. %n

If disposal N would be also discharged to 2 1500 F o

aquasphere together with the field surplus N, the Z
sum of disposal N and field surplus N as total N 'S 1000 | 3
pollution source in Bukit Rawi and Kalampangan % 00 &
as well as Pangkoh IV exceeded 103 kg N ha' y- =) 500 F o° o
! as optimal surplus N, which reached to 114, W T
158 and 250 kg N ha! y!, respectively (Table 4). 0
If farmers in the villages other than Seberang 0 1000 2000 3000 4000
Pasar II quit chemical fertilizer application, total purchased food and feed N (kgN ha™ y-l)

N pollution source will exceed 103 kg N ha'! y!.

There was a tendency that disposal N increased  Figure 2. Relationship between purchased food and feed N and disposal N.
with increasing purchased food and feed N (Fig.

2). Especially in Hokkaido, very high disposal

N was observed due to high purchased food and feed N. In this study, there was no purchased feed N but grazing N was
input in the villages. Although grazing N was only 3 kg N ha! y! in Seberang Pasar II, it ranged from 99 kg N ha! y! in
Bukit Rawi to 242 kg N ha! y! in Pangkoh IV (Table 4). Purchased food N was also very low in Seberang Pasar II, which
was 8 kg N ha! y'!. In Kalampangan it was 29 kg N ha!' y'!, which was not so high. On the other hand , it was 94 kg N ha
Uyl in Bukit Rawi and 79 kg N ha! y! Pangkoh IV, which accounted for 64% and 81 % of total food N in the villages.
Therefore, these high proportions of N input by purchased and grazing N increased disposal N in the villages, especially
in Pangkoh IV.

As total of surplus and disposal N in all villages except for Seberang Pasar II was estimated to exceed optimal N
level if quit chemical fertilizer application, it should be decreased to prevent from water pollution. In Bukit Rawi, all
animal excreta applied to grow fish and farmers ate the fish by themselves (Table 4). Furthermore, rice production in
Bukit Rawi might be influenced by the manure application, because paddy fields were constructed in the lake where fish
was caught. This is similar to the result in a previous study from a small village in the Lake Tai region, southern China,
which indicated N cycling between fields and the lake (Guo and Bradshaw , 1993). Although in the present study, we
could not clarify the significance of phytoplankton quantitatively, survey for quantity and quality in primary production
in ponds, lakes and rivers influenced by N discharged from agricultural fields will be important to establish good agricultural
practice in future.

CONCLUSION

Field surplus N depended on economy and nature conditions surrounding the village as well as agricultural activities
inside the village in central Kalimantan. Chemical fertilizer was intensively applied to the fields in the village with high-
populated urban area surrounding village, and vegetable and upland crop cultivation in the peat-lost acid clay soil to sell
to the urban area. However, the yields were lower than in peatland village. There was more than enough amount of
disposal N to alternate chemical fertilizer N due to large amount of purchased food N and grazing N. Intensive production
and consumption of food and feed seem to destroy peat soil, reduce crop yield, and pollute water quality.
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ABSTRACT
Chemical properties of peat soils are generally low in: pH, exchangeable cations (K, Na, Ca, and Mg), base saturation,
and micronutrients. To improve these chemical properties, fly ash was used as ameliorant. However, fly ash contains
not only both macro- and micronutrients, but also elements potentially harmful to the environment. The objective
of the study was to observe the effect of fly ash that was used as ameliorant on chemical properties of peat soil
planted with Acacia, quality of water from control wells, and some chemical composition of Acacia plant leaf.
Fly ash was added around the tree at the rate range from 5 kg/tree to 10 kg/tree. Six months after the addition of
fly ash, samples of peat soil, water from control well, and Acacia leaf were collected from the study area.

Chemical analysis of soil samples showed that soil pH, exchangeable cations, available P and base saturation
of the soil treated with fly ash were higher than those of the control treatment. Heavy metals content of the treated
soil showed that only Fe content increase significantly, whereas the other heavy metal elements such as Ni, Pb, Cd
and Cr have no different with the control peat soil.

Plant analysis of the Acacia leaf showed that there are an increase in absorption of Ca, Fe, Cu, and Zn of the
plant after addition of fly ash, but decreasing content of Mn and B.

Analysis of water from control wells at the area treated with fly ash showed only increasing in P and Fe
content as compared with the water taken from the untreated peat soil.

Key words: ameliorant, fly ash, heavy metal, peat soil, pollution

INTRODUCTION

Fly ash is major particles as a result of modern coal-fired power plants and collected by means of electrostatic precipitators
or fabric filter. Chemical analysis showed that fly ash contains several nutrients such as K, Ca, Mg, B, S, etc. that make
it potential to be used as ameliorant to increase the soil fertility. However, fly ash also carries heavy metals, such as Cd,
Cu, Pb, As, etc. that have to be observed because they can pollute the environment.

Researches about the use of fly ash as soil ameliorant have been conducted generally in mineral soils (Elseewi et
al., 1980; McCarty et al., 1994; Stuczynski et al., 1998a; Stuczynski et al., 1998b). For example, Stuczynski ef al.
(1998a) studied the effect of fly ash and bed ash on nitrogen mobilization, meanwhile Stuczynski et al. (1998b) studied
the effect of fly ash and bed ash on carbon mobilization in soil profile. Both researches were conducted on mineral soils
Mollic Hapludalf and Typic Hapludalf. Their results showed that the use of fly ash at a rate till 80 g/Kg soil did not
change the C and N content of the soil. However, decreasing of C and N contents occur on the use of bed ash as a result
of decreasing amino acid content in soil organic matter related to increasing of soil pH. In other research, Taets and
Rayburn (1996) observed that maize which was grown on soils amended with the recommended agronomic rates of fly
ash was not affected negatively by the addition of fly ash.

One of the soil types in Indonesia that need to be improved with an ameliorant is peat soils. Peat land in Indonesia
covers an area about 13.2 mio. ha. (Subagyo et al., 2000). Chemical properties of peat soils are generally low in: soil pH,
exchangeable cations (K, Na, Ca, and Mg), micronutrients, and base saturation. To improve the chemical properties of
peat soils, fly ash derived from multifuel boiler (fueled with peat, bark, saw dust, chip and palm oil seed shells) has been
used and studied as ameliorant.

The objective of the research was to study the effect of fly ash used as ameliorant on chemical properties of peat
soil, quality of water from control wells, and some chemical composition of the Acacia plant leaf.
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MATERIALS AND METHODS
Peat soils in Pulau Muda, Riau was planted with Acacia crassicarpa. Fly ash derived from multifuel boiler (fueled with
peat, bark, saw dust, chip and palm oil seed shells) was added around the tree at the rate range from 5 kg/tree (T-2) to 10
kg/tree (T-6). As addition, chemical fertilizers: FMP, KCIl and NPK, each at the rate of 100 g/tree were applied (total
fertilizers were 300 g/tree). The basic treatment as control was added only with chemical fertilizers (T-1). Six months
after addition of fly ash, the peat soil samples were taken in control area (T-1) and the area with the greatest dosage of fly
ash (T-6) at the depth of 0-20, 20-40, 40-60, 60-80, and 80-100 cm. The chemical analysis was conducted on pH, total
organic C, total N Kjeldahl, CEC, available P, exchangeable cations and some heavy metals, such as Fe, Cu, Zn, Mn, Cr,
Ni, Pb, Cd. Heavy metals was extracted with 0.05 N HCI.

To observe the quality of water in the treated area, water samples were taken from control well and were analyzed
for some element. The same observation was conducted on Acacia plant leaf. The samples of plant leaf were taken in
control area (T-1) and the area with the greatest rate of fly ash addition (T-6).

RESULTS AND DISCUSSION

The results of chemical analysis of the fly ash derived from multifuel boiler (fueled with peat, bark, saw dust, chip and
palm oil seed shells) showed that it contain both macro- and micronutrients, such as K, Ca, Mg, P, S, B, Cu, Zn, efc. in
relatively high concentrations that are beneficial for plant growth. It has also very alkaline reaction (pH 11.5), therefore
it is potentially good to be used as ameliorant. However, fly ash contains also several potentially harmful elements such
as Al, As, Cd, Cr, Ni, etc. (Table 1). The concentration of Cr and Ni has to be taken into consideration, because these
elements are harmful to the environment if accumulate in high concentration.

Six months after addition of the fly ash, peat soil samples taken from the treated area have higher soil pH,
exchangeable cations (K, Na, Ca, and Mg), available P and base saturation percentage than those of the basic treatment
(Fig. 1). The mobility of the exchangeable cations is shown by a vertical movement in the soil profile till the depth of
about 40-60 cm. Chemical analysis on heavy metals showed a significant increase in Fe content and slightly increase in

Table 1. Chemical properties of the fly ash that was used as ameliorant

Parameter Value Parameter Value
pH H,O 11.5 Mn (ppm) 200
C (%) 3.50 B (ppm) 50
N-total (%) 0.20 Zn (ppm) 243
C/N 44 Cu (ppm) 7.90
P-total (%) 0.18 Co (ppm) 1.40
K (%) 1.05 Mo (ppm) 1.80
Ca (%) 5.01 Se (ppm) <0.003
Mg (%) 0.57 Pb (ppm) 0.40
Na (%) 0.19 Cr (ppm) 18.7
S (%) 0.77 Cd (ppm) 0.20
Fe (%) 1.28 Ni (ppm) 30.4
Al (%) 2.28 Hg (ppm) <0.01
As (ppm) 0.90

Zn content throughout the soil profile after the treatment with fly ash (Fig. 2), whereas the concentration of other heavy
metal elements Ni, Pb, Cd, and Cr have no different with the control treatment.

The increase of Fe and P content of the soil samples in the area treated with fly ash is in accordance with the
increase of the same elements in the water samples. Analysis of the water sample from control wells in the plot which
received fly ash addition showed only increase in P and Fe content as compared with the water from the basic treatment
(Table 2).

Therefore it can be said that addition of the fly ash as ameliorant in peat soil is relatively safe to the peat soil
environment. This is due to the high CEC of the peat soil, so it can bind the element in its absorption site, so as has been
shown in these results, most of the elements were bonded in the absorption site. With the addition of fly ash, the soil pH
is also increase as shown in the Fig. 1, and in the peat soil which has mostly dependent charge in its absorption site,
increasing soil pH mean increasing its CEC, therefore more elements will be bonded in the absorption site.

Plant analysis of the Acacia leaf showed that 6 months after addition of fly ash, relatively no significant different
of the elements concentration between plant that received fly ash with the plant without fly ash (Table 3). The variants
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Figure 1. Effect of fly ash application on some chemical properties of peat soil.
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Figure 2. Effect of fly ash application on available of some heavy metals in peat soil.

that occur in the concentration of the element between plant with and without fly ash such as Ca, Fe, Zn, efc. are still in
the limit of normal plant absorption of those elements. Some elements such as N, P, K, B, efc. even lower in the plant that
received fly ash. This is due to dilution effect, because plant that received fly ash grows better and bigger, so it has higher
plant biomass. Fly ash as ameliorant has improved the growth environment, therefore plant will grow better and faster.
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Table 2. Chemical analysis of water taken from control well in plot treatment

Parameter T-1 T-6
(0 kg Fly Ash/tree) (10 kg Fly Ash/tree)
pH 4.00 3.70
NO;s tr* tr
P 0.06 1.25
Na 5.00 5.00
K 5.50 4.50
Ca 0.70 0.78
Mg 0.50 0.50
Fe 2.56 6.40
Cu Tr tr
Zn 1.92 1.12
Mn Tr tr
Cr 0.138 0.138
Ni 0.008 tr
Pb Tr tr
Cd Tr tr
*tr = trace

Table 3. Chemical analysis of Acacia plant leaf

Element T-1 -6
(0 kg Fly Ash/tree) (10 kg Fly Ash/tree)

N (%) 2.47 2.25
P (%) 0.25 0.16
K (%) 1.50 1.25
Ca (%) 0.69 0.96
Mg (%) 0.27 0.31
Na (%) 0.40 0.38
Fe (ppm) 134.8 148.8
Cu (ppm) 5.2 9.7
Zn (ppm) 18.4 24.9
Mn (ppm) 275.3 219.9
B (ppm) 16.0 6.0
Cr (ppm) 0.01 tr¥
Pb (ppm) tr tr
Cd (ppm) 0.01 tr
Ni (ppm) 0.01 0.02

*tr = trace

Based on the results above it can be said that the use of multifuel fly ash as ameliorant in the peat soil of Pulau Muda has
no significant effect on peat soil environment, water quality as well as on plant that grows on that soil. Therefore multifuel
fly ash can be used as ameliorant safely in the peat soil as long as the dosage of that fly ash do not exceed 10 kg/tree
which this study has proved it. Dosage of fly ash more than 10 kg/tree has not been tried, therefore it is not recommended.
It has to be studied more intensively to know how many kg/tree is the maximum dosage that still safe to the environment,
water quality and plant growth.

CONCLUSION

1. Addition of fly ash in peat soil after 6 months increase the soil pH, exchangeable cations, available P, and percentage
of base saturation.

2. Addition of fly ash slightly increases in Fe and Zn availability of these elements in soil environment, but did not
significantly change the soil environment.

3. Plant leaf analysis showed no significant effect of fly ash addition on plant elements concentration. The variants in
plant elements content are still in the limit of normal plant absorption of those elements.

4. Water analysis showed no significant effect of fly ash addition on water quality, only slightly increasing in P and Fe

content in the water samples taken from the area treated with fly ash
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ABSTRACT

An experiment was conducted to investigate the effect of ectomycorrhizas on growth and nutrient uptake of
dipterocarps seedlings in peat soils. Two ectomycorrhizal fungal species Pisolithus arhizus (Pers.) Raus. and
Scleroderma sp were isolated under Pinus merkusii and Shorea leprosula, respectively and two types of inoculum
(enbeaded mycelium and spore inoculum) were prepared. Shorea pinanga Scheff and Shorea seminis (de Vriese)
Slooten were inoculated with spores or enbeaded mycelium per seedling and grown in a pot containing with
sterilized peat soil at nursery. Percentage of ectomycorrhizal colonization of Shorea pinanga and S. seminis were
35- 87 %. Both ectomycorrhizas improved height, diameter, leaf number, shoot fresh and dry weight, shoot N and
P content of seedlings 7 months after inoculation.

Key words: Shorea pinanga, Shorea seminis, Ectomycorrhiza, Pisolithus arhizus, Scleroderma sp, spore inoculum, and
enbeaded mycelium.

INTRODUCTION

Continues disturbances/pressures on forest resources will inevitably lead to desertification of forest soil. Desertification
of terrestrial ecosystems is claiming several million hectares annually (Warren ef al., 1996). Factors that may accelerate
the desertification of forest soil in Central Kalimantan (Indonesia) include illegal logging, forest fire, land mining as
well as plotting of one million hectares irrigated field rice. Disturbances of the Tropical Rain Forest (TRF) by logging
and other practices disrupts the nutrient cycling processes. Substantial losses in nitrogen, calcium, potassium and
magnesium may be evident even two years after logging of a virgin forest (de la Cruz, 1995). By eliminating the
disturbance, calcium, potassium and magnesium levels may be restored 16 years after felling (Whitmore, 1990; de la
Cruz, 1995). Restoration of the nitrogen content to its original level, however will require more than 16 years. The
removal of bases, such as potassium, calcium and magnesium, also reduces soil pH which can cause the solubilization of
acid forming metals such as alumunium and iron. These in turn may fix phosphorus leading to the reduction of available
phosphorus in the soil. Phosphorus is one of the most unavailable element in the tropical soils (Whitmore, 1990; de la
Cruz, 1995).

At present, dipterocarps are high-quality, wood producing trees that are widely distributed in the TRF of Southeast
Asia. The Dipterocarpaceae dominate the canopy of the lowland TRF of Malay Peninsula, Sumatra, Borneo, and the
Philippines. Unfortunately, their present status is in danger because of uncontrolled deforestation. In Indonesia, major
deforestation taking place during the past 30 years has reduced this resources to millions hectares of old growth dipterocarps
forest. Recently, novel forest management policies have been introduced to rehabilitate denuded sites as well as enhancing
growth of current regeneration (Mayer, 1988; Whitmore, 1989).

Shorea pinanga and S. seminis produce tengkawang kernel or Illipe nuts. Kalimantan is an important source of
tengkawang kernel. However most of the tengkawang kernel production from this island has been destined for export.
Further processing of the raw material within Indonesia is actually possible, as tengkawang kernel is rich in fatty substance,
which after extraction and purification can be used as edible oil known as cacao butter. Other possible uses of the fat are
for the manufacture of candle, soap, cosmetics and dissolving. Some species were cultivated by local people, generally
along the river banks and rivulets, i.e. Shorea pinanga, S. seminis, S. stenoptera, S. macrophylla, and S. splendida
(Anderson J.A.R., 1975; Wiyono B, 1989).

Dipterocarps has been identified of having specific symbiosis with ectomycorrhizal fungi (ECM) in which the
fungi build symbiotic tissues that assist the plant in uptaking and assimilating minerals. Typical dipterocarp ECM are
short, pyramidal or racemously branched and variously coloured (e.g. brown, black, white, yellow). A fungal sheath
(mantle) characteristic of the fungal partner surrounds the host root. Underneath this sheath lie the radially elongated
epidermal cells between which are located the hyphae of the Hartig net (Lee ef al., 1997). This activity is a key component
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of the nutrient cycle in the forest floor, hence bigger stem biomass could be achieved (Bakshi, 1974; Hadi & Santoso,1988;
Smits, 1994). The most common ECM species found in warmer temperate and tropical forest ecosystems are the
Sclerodermatales which can exist either as saprotrophs or as ectomycorrhizal symbionts of several economically important
families of trees, including the Eucalypts, the Pinaceae, and the Dipterocarpacea (Sims ef al., 1997). Ectomycorrhizal
fungi may therefore serve as reliable indicators of forest disturbance, but also have a great potential for regeneration of
tropical tree species (Lee, 1990; Smits, 1994). Dipterocarp ECM may be important for succesfull seedling establishment
and for enchanced uptake of nutrients by mobilizing plant water and nutrient uptake via hyphae and increasing resistance
to environmental stress (Lee, 1990). Although much has been documented about the effects of ECM infection on plant
growth and uptake nutrients, especially nitrogen and phosphorus, little of this information concerns tropical tree species
(Harley and Smith, 1983) and even less is known about dipterocarps (Lee, 1990).

There are a few document reports of improved Shorea spp (dipterocarp) seedling growth due to ECM inoculation.
Shorea leprosula, S. acuminata and Hopea odorata grown in sterile soil inoculated with root fragments obtained from 1-
year-old S. leprosula plants were two and half times taller than uninoculated plants after 7 months in nursery stage (Lee,
1991;Yazid et al., 1994). Turner et al. (1993) reported that Shorea macroptera seedlings may only be responsive to
fertilizer addition when grown at very low nutrient availabilities, and that ECM infection may be of great importance to
seedling growth under such condition. In view of the current international interest in tropical rain forests and the potential
of dipterocarps in re-forestation, information about the relative importance of inoculum source in forests, and the degree
of ECM dependence or responsiveness, of dipterocarps is needed to assess the role of ECM in forest regeneration and
recovery (Lee and Alexander, 1996).

The aim of this study was to investigate the effect of controlled ECM inoculation of P. arhizus and Scleroderma
sp. fungi entrapped in Ca-alginate beads and tabletting spores on the growth stimulation of S. pinanga and S. seminis
in nurseries. The use of alginate beads or spores as inoculum is a viable proposition for low technology nurseries
currently producing seedlings for outplanting in developing countries.

MATERIALS AND METHODS

Seeds Germination and Peat Soil Preparation

Peat soils were collected from Kalampangan, Central Kalimantan and fried-sterilized over fiery woods for 1 hour. Seeds
of Shorea pinanga and S. seminis were collected from Carita Beach Experimental Forest Site, West Java. These seeds
were gently washed with running water and transferred to polybags containing 500 g of sterilized peat soils. Polybags
containing seeds of each of species were placed in the nursery of Palangkaraya University, Central Kalimantan. The
nursery was 9 blocks and each block was 800 polybags. Polybags were placed under 75 % shading net intensity to
minimize solar radiation because both species of Shorea require shady condition.

Preparation of ectomycorrhizal fungi

Alginate-Beads: Two ECM species used in this experiment were Pisolithus arhizus (Pa) and Scleroderma sp (Sc). P.
arhizus and Scleroderma sp. were isolated from Central Aceh (Sumatra Island) under Pinus merkusii and Haurbentes
Experimental Forest Site (West Java) under Shorea leprosula, respectively. The inoculum was grown in Pachlewski
liquid medium (Pachlewski and Pachlewska,1974) in 2-liter Erlenmeyer flasks and were placed in shaker for 1 month at
100 rpm. The growing inoculant were kept in a dark room at room temperature (28-30°C) until complete mycelial
colonization of the fungi was achieved. The mycelia were harvested and rinsed with sterile distilled water and were cut
to obtain homogenous fragments in length (about 1-3 mm in size). Five % of mycelia were then mixed with 15% of
coco peat in an aqueous suspension of 2 % sodium alginate (w/v). Then, the inoculant paste as transferred to 5 % calcium
chloride solution by passing the paste through a 4 mm mesh sieve to obtain granular calcium alginate-entrapped inoculant.
The granular forms were soaked in 5 % calcium chloride solution for 5 minutes and were rinsed subsequently with sterile
distilled water. For storage, the beads were soaked in sterile distilled water in a clean capped container to maintain
humidity at room temperature (Le Tacon et al., 1983; Mauperin et al., 1987).

Tablet: Basidiospores were collected in the field under established plantations of pines and dipterocarps. The spores of
ECM were processed, mixed in a clay and peletized in a tabletting machine. Weight of tablet was 0.4 g and containing 1
% spores (w/v) (Turjaman and Santoso, 1999).

Inoculation

Inoculation was carried out 10 days after seed germination. ECM spore tablets were applied (1 tablet per seedling) in
polybags whereas two ECM alginate beads added near seedling roots (de la Cruz, 1995). In addition, 0.5 g per polybag of
Slow Release Fertilizer (SRF) was added as a basic fertilizer (14 % N, 13 % P O, and 13 % K,0). The Shorea seedlings
were irrigated by watering manually daily and weeds were eliminated.

Growth measurement and harvest

A fully Randomised Completely Block Design (RCBD) was applied with five treatments that included control and
seedlings inoculated by Pisolithus arhizus or Scleroderma sp. mycelia each entrapped in calcium alginate beads or spores
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in tablet. Each was replicated three times. Each assay replication contained 50 seedlings. The effect of growth response
was measured at 30 days intervals in height, diameter, fresh and dry weight. The data were subjected to general analysis
of variance/two-way ANOVA and the siginificant data were grouped using Duncan Multiple Range Test (DMRT). The
plants were harvested 7 months after seed germination. Individual shoot dry weights (80° C) were measured.

The shoot portions of each species in each treatment were bulked for the determination of N and P content.
Ground shoots were digested in a H,SO, solution. The N and P contents in the digested solution were determined by the
semi-micro Kjeldahl method and vanado molybdate yellow method, respectively.

Ectomycorrhizal infection

Roots were examined for ECM infection. Confirmation of ECM infection was obtained by free-hand section examination
of root tips under the light microscope for the presence of mantle and Hartig net (Brundrett ef al., 1996). The level of
infection was determined by counting the number of infected root tips. To determine the percentage of ECM infection,
the root systems were spread on trays and the total number of root tips and the number of ECM short roots were counted
and examined under stereo microscope.

Table 1. Shoot growth of S. pinanga inoculated with P. arhizus and Scleroderma sp (spore

RESULTS
Shoot Growth or mycelium) after 7 months in the nursery.
S. pinanga
Mycorrhizal inoculation of S. pinanga
using spores and mycelium of both P. Treatment shoot growth of S. pinanga
arhizus and Scleroderma Sp increased Height Diameter | Leaf number | Fresh weight | Dry Weight
plant height and diameter, leaf number, () o | ot (@t (@t
and shoot dry shoot weight (Table 1).

control 42.00a 5.33a 8.67a 13.70a 4.35a
S. seminis
Inoculation of S. seminis using P arhizus P. arhizus-spore 78.00b 7.67b 22.67b 38.60b 12.99b
and Scleroderma sp increased height, [ 2m oo 7167b | 7.67b |14.33ab | 33.73b 10.97ab
diameter, leaf number, fresh and shoot dry
weight. There were no differences in these | P. arhizus-mycelium | 71.33b 7.67b | 13.00ab 31.47b 9.90ab
parameters between spore inoculum and
mycelium inoculum. Growth stimulation Scleroderma-mycelium | 71.00b 7.67b 11.00a 32.87b 11.16ab

was similar for seedlmgs inoculated with *Treatment means showing different letter subscript are significantly different as determined by Duncan

Scleroderma sp. and P. arhizus (Table 2).
Multiple Range Test (DMRT) at the 5 % confidence level

Ectomycorrhizal infection

S. pinanga . Table 2. Shoot growth of S. seminis inoculated with P. arhizus and Scleroderma sp (spore
Both P. arhizus and Scleroderma sp.
formed ectomycorrhiza in S. pinanga or mycelium) after 7 months in the nursery.

seedlings. Ectomycorrhizal infection was
higher than 80% in inoculated seedlings.

Thereo was no difference of percent.age Treatment shoot growth of S. seminis
infection between spores and mycelium
inoculum. Control seedlings were Height Diameter Leaf number Fresh weight Dry Weight
colonized infection of 30 % by (cm) (mm) (/plant) (e/plant) (e/plant)
indigenous ECM fungi (Fig. 1).

control 36.67a 4.67a 4.00a 6.07a 2.19a
S. Senmints Pa-spore 57.00b | 6.33a 10.00ab 15.67b 5.50b
P. arhizus and Scleroderma sp. also
formed ECM on S. seminis seedlings, but | Sc-spore 43.00ab | 5.67a 10.00ab 12.97b 4.64ab
the percentage of infection was lower
than S. pinanga. Mycorrhizal infection of Pa-mycelium 53.33ab | 8.33b 8.33ab 18.90b 6.98b
seedlings inoculated with spore inoculum /g =r 43.00ab | 6.67ab | 13.67 16.03b 6.08b
was higher than those inoculated with
mycelium inoculum. Control seedlings
were also infected (19 %) by indigenous
ECM fungi (Flg 1) *Treatment means showing different letter subscript are significantly different as determined by Duncan

Multiple Range Test (DMRT) at the 5 % confidence level.

Shoot nutrient content
S. pinanga
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Figure 1. Percentage of ECM infection of S. pinanga and S. seminis after 7 months in the nursery : control ([] ),
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Figure 2. Shoot N uptake of S. pinanga and S. seminis seedlings after 7 months in the nursery : control ([]),
Pa-spore ([ ), Sc-spore ( [ ), Pa-mycelium ( [] ), Sc-mycelium( i )-

*Treatment means showing different letter subscript are significantly different as determined by Duncan Multiple
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Figure 3. Shoot P uptake of S. pinanga and S. seminis seedlings after 7 months in the nursery : control ([] ),
Pa-spore ([ ), Sc-spore ( [ ), Pa-mycelium ( [] ), Sc-mycelium( |l ).
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Shoot N content of S. pinanga, inoculated using P. arhizus and Scleroderma sp. (spore and mycelium treatments) was
higher compared to those of controls (349 vs 353 mg N/plant, respectively) (Fig. 2).

P. arhizus inoculation (spores or inoculum) increased shoot P content compared to those of control by 77 and 71
mg P/plant, respectively. Incontrast, shoot P content of S. pinanga inoculated with Scleroderma sp was lower than
those of control (Fig. 3).

S. seminis
Shoot N content of S. seminis, inoculated using spores of mycelium either P. arhizus or Scleroderma sp. Was higher (384
mg N vs 353 mg N). Shoot N content of S. seminis inoculated with P. arhizus or Scleroderma sp spores was also high
compared to those of controls (Fig. 2).

Inoculation using P. arhizus spore or mycelium increased shoot P content of S. seminis compared to those of
controls, that is 31 and 68 mg P/plant, respectively. Shoot P content of S. seminis inoculated with Scleroderma sp mycelium
was higher compared to those of controls (Fig. 3).

DISCUSSION

Pisolithus arhizus (Pa) and Scleroderma sp. (Sc) inoculum succesfully formed ectomycorrhizas on S. pinanga and S.
seminis seedlings ans mycorrhized plants showed improved height, diameter, leaf number, fresh and shoot dry weight
(Table 1), percentage of ectomycorrhizas colonization (Fig. 1) , N and P shoot content (Fig. 2 and 3) after 7 months in the
nursery stage.

Percentage of ECM colonisation on individual plants ranged from 81 to 87 % for S. pinanga and from 35 to 65 %
for S. seminis. While unidentified local ECM fungi were observed on control S. pinanga and S. seminis seedlings (infection
rate : 29.79 % and 19.35 %, respectively) they appeared to give no significant effect to the overall results (Fig. 1). Local
ECM infection in control treatment was high probably because polybags were placed in a direct contact with the
nursery floor made from peat soil. Therefore, it was possible that local ECM fungi persisted in the peat floor slowly
reached the seedling roots and formed ECM. However, the significant difference of all parameters (P<0.05) between
controls and inoculated plants indicated that both ECM inoculants, Pa and Sc, could prevent invasion of local ECM fungi
providing that Pa and Sc had an opportunity to initiate infection at first. Further, it was also shown that Pa and Sc
inoculant were perhaps more dominant than indigeneous fungi. But the local ECM could not compete with those inoculated
with Pa and Sc. In the first our survey, some local ECM species existing in peat-swamp forest included Laccaria sp,
Scleroderma sp, Russula sp, and Boletus sp. The presence of Laccaria sp and Scleroderma sp were high, probably, these
two fungi were dominant in the nursery stage. Some survey have been made for about six years in Wanariset (East
Kalimantan) to identify the fungi associated with dipterocarps. 172 species from 36 genera were identified (Supriyanto et
al., 1993). Laccaria, Pisolithus, Rhizopogon and Scleroderma species were the most common ECM fungi used for
experiment and reforestation (Supriyanto ef al., 1993 and Zarate et al., 1993). However, it is surprising that Pisolithus
was not identified in dipterocarps forests of Indonesia. In Indonesia, Pisolithus sp was found in Pinus merkusii (Aceh
Province), Eucalyptus urophylla and E. alba (East Nusa Tenggara) (Turjaman and Santoso, 1999). In Malaysia Peninsula,
Watling and Lee (1995) identified Pisolithus aurantioscabrosus Walt.nom.prov. associated to Shorea parvifolia and S.
acuminata in lowland dipterocarp forests in Pasoh (Malaysia).

It has been shown that early infection of dipterocarp seedlings is highly dependent on contacts with living ECM
roots of adult trees (Alexander et al., 1992). This suggests that controlled inoculation of dipterocarp seedlings in the
nursery with selected efficient ectomycorrhizal fungal strains should be introduced in forest regeneration programmes.
The growth stimulation measured in the present experiments with an exotic ectomycorrhizal fungus shows that a fungal
strain isolated from a non-dipterocarp host outside the natural distribution of the Dipterocarpaceae could form perfectly
functional ectomycorrhizas with two Shorea species. These results suggest that in terms of specificity dipterocarps
most probably behave like most temperate tree species, i.e. a particular tree being receptive to numerous broad host
range species (Yazid et al., 1994).

Nitrogen content was heigher in shoots of inoculated (or mycorrhizal) plants than in the controls (Fig. 2), indicating
that ECM infection improved nitrogen uptake by both S. pinanga and S. seminis. There was a significant difference in
shoot P content of ECM seedlings. P. arhizus spores or mycelium could increase shoot P content of S. pinanga compared
to those of control by 77 and 71 mg P/plant, respectively (Fig 3). For shoot P content of S. seminis, P. arhizus spores or
mycelium inoculum could increase shoot P content compared to those of controls, that is 31 and 68 mg P/plant, respectively
(Fig. 3), indicating that ECM infection also improved phosphorous uptake by both S. pinanga and S. seminis seedlings.
Uptake by uninfected root is related closely to rooting intensity and the volume of soil contributing nutrients to the root
and root hairs, where they occur. In poorly rooting species there are still considerable volumes of soil between the roots
which are not being used. The outgrowth of the ECM fungus into soil far beyond the root or the root hair zone considerably
increases the volume of soil being used as the fungus absorbs the poorly mobile nutrients and translocates it back to the
root (Bowen and Haselwandter, 1996).

Lee and Alexander (1994) reported that ectomycorrhiza infection in Hopea odorata plants increased shoot P
concentration and increased shoot and total dry weight to the same or greater extent than those of uninfected plants
growing on P amended soil. Yazid et al. (1994) reported that growth of two dipterocarp species, H. odorata and H.
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helferi was stimulated by inoculation with a strain of Pisolithus tinctorius in pure culture. Phosphorus uptake in the
seedlings was also improved by ectomycorrhizal infection.

The tablets containing spores of the mycorrhizal P. arhizus and Scleroderma sp. contained clay soil as the carrier.
Seedlings can be conveniently inoculated by simply dropping one tablet per polybag. Mycorrhizal spore tablets are under
pilot testing in Perhutani Ltd. (Java Island) for their effectiveness in increasing growth of Pines, Eucalypts, and Shorea
seedlings. Significant height, diameter, biomass, level of compatibility, survival rate, planting success and fructification
of ectomycorrhiza in the field were observed on inoculated of Pinus merkusii, Shorea leprosula, and Eucalyptus spp.
The biggest problem in using spores is the inherent genetic diversity of the inoculum. Basidiospores of P. arhizus
collected from different sporophores and locations may have different genetic traits. Event different species as Pisolithus
tinctorius is a species complex P. albus, P. microcarpus, etc. Genetic variations would be greater if basidiospores from
sporophores collected from many geographical areas and different tree hosts were combined into a single inoculum
(Turjaman and Santoso, 1999). Results revealed that both ECM (P. arhizus and Scleroderma sp.) can be utilized and are
compatible for accelerating growth of S. pinanga and S. seminis in the nursery.

Both ECM species entrapped in alginate beads could form between 35-36 % of ECM colonization. It means that
the percentage of ECM colonization from alginate bead inoculum was lower compare to those of ECM in spore tablet
treatments. This is probably the result of different, The amount of mycelia in alginate beads. However, the risk of introducing
pathogens, or other uncontrolled microorganisms, is eliminated with mycelium (pure culture) inoculation. The genetic
potential of the introduced selected fungal strain can also be determined. Rodrigues ez. al. (1999) studied the viability of
fragmented mycelium of P. arhizus entrapped in calcium alginate gel to determine the efficacy of this method of producing
ectomycorrhizal fungus inoculum. Pisolithus arhizus attained its highest viability (55%) for to 20- to 40-day-old mycelium
and gel-entrapped P. arhizus mycelium, viability was highest when stored at 25° C in 0.7 M CaCl,. Liquid industrial
fermentation process can be developed. Entrapping the mycelium produced in fermenter with ground peat in alginate is
a very suitable method for use in commercial nurseries (Le Tacon ef al., 1985; Kuek et al., 1992). Alginate beads inoculant
could be utilized in large scale nursery production of Shorea seedlings to be used for rehabilitation of marginal lands.
The process of making alginate beads can be carried out at all time of the year regardless of the season. In contrast,
growth of ECM fruiting body as source of spores in tropical climate is relatively unpredictable. On the other hand, tablet
of spores can still be used as alternative to that of mycelium entrapped in alginate beads. Both types of inoculum can
replace soil inoculum in large scale. In these experiments, we did not find symptoms of root or leave diseases on both
Shoreas after 7 months in the nursery.

Up to present, the utilization of soil inoculant have revealed to be inconsistent in achieving a high percentage of
ECM infection level. In addition, outbreaks of root and leave diseases have also been encountered in the nursery.
Therefore, using soil inoculant are likely to be in practical and ineffective that also require vast volume of soil occupant,
are costly, also soil contain unidentified ECM fungal, can not be stored for long term and most importantly massive
exploration of topsoil could damage mature stand in exploration site.

Studies on the mass production of infective spore tablets or alginate bead entrapped mycelium are under way as
these would efficient procedures to generate ECM inoculum for general applications in rehabilitating peat-swamp forest.
Experiments are presently being conducted to determine the optimal amount of some ECM species inoculum needed for
successful ectomycorrhizal inoculation of Shorea balangeran seedlings originating from peat-swamp forests. Experiments
are also being conducted to compare the effect of some local fungal isolates, the emphasis in inoculation programmes for
dipterocarps should be on the build-up and use of pure culture ECM strain collections obtained from native dipterocarp
forests, i.e. Scleroderma sp and Laccaria sp. The predominance of Scleroderma and Laccaria species within these
forests suggest that they are potential strains for the young stage and climax stage in the development of forest plantation
or natural forests.
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ABSTRACT

We preliminarily investigated correlation between productivity of rice and diversity of free-living nitrogen-fixing
bacteria on its rhizoplane in paddocks of local rice varieties tolerable to acid-sulfate soil in South Kalimantan. We
also screened ammonia-releasing factors from the chemical constituents in the root of a local rice variety, Siam
Unus. To understand how the local variety of paddy rice tolerable to acid-sulfate soil manage with very low soil pH
(2.5-3.5), studies of such free-living, root-associating nitrogen-fixing bacteria on the rhizoplane are likely to be
important.

Key words: Oryza sativa L., rhizoplane bacterium, Sphingomonas, rhizoplane pH, acid-sulfate soil.

INTRODUCTION

Since tropical peat swampy forests, distributed throughout lowland area of Central Kalimantan, had been opened for
farming, emergence of acid-sulfate soil on the farmland came into a major problem. Drastic decrease of crop production
within several years in the domestic agricultural management forced the farmers to abandon their farmlands, and this
often leads them to illegal logging. After the logging activity, the forests are burned for clearing to open new farmlands
where repeatedly turn into acid-sulfate soil after several years. Accordingly, vast area of tropical peat swampy forests has
been destroyed. To avoid deforestation in Kalimantan, it is quite necessary to cut such a vicious circle chain. So,
establishment of agricultural methods for sustainable crop production and field management on the acid-sulfate soil land
is a solution of the pressing problem. We, hence, focused on acid-tolerable wild plants and crops to understand function
of their root systems which are involved in the acid-adapting strategy of the plants.

Main problem of acidic soil for plants is a toxicity of aluminum cation (AI**). Acid-sulfate soil showing approximate
pH 2.5-3.5 releases a large amount of AI** that directly or indirectly disturbs nutrient assimilation from the roots. Some
acid-sulfate tolerable plants, such as Melastoma sp., Juncus sp. and Melaleuca cajuputi, however, can manage with such
excess Al** and are able to regenerate on such strongly acidic soil lands. As the representative acid-tolerant plants, genus
Melastoma including M. malabathricum L. and tea plant (Camellia sinensis) are known to be Al-accumulators, while
Juncus spp. and Melaleuca cajuputi are representative Al-excluders paddy rice (Oryza sativa) comparatively tolerable to
acid-sulfate soil is a member of Al-excluders (Watanabe and Osaki, 2002). Since acid-sulfate soil with very low pH (2.5-
3.5) has suffered serious leaching, such acid-tolerable plant must employ certain strategy to acquire nutrients, including
N and P. The rice production, so far we investigated, reached to 3-4 t/ha, without any fertilization nor lime-input (Hasegawa
et al., 2002a). Since we regarded the high yield performance of rice in the acid-sulfate paddock as a good model for
LISA, three paddocks were chosen as monitoring plots to monitor chemical properties of the soil, rhizoplane microflora
and its rice productivity were investigated in each paddock (Hasegawa et al., 2002b).

Since paddy rice is known as ammonia-assimilating plants that prefer NH," rather than NO, for their nitrogen source,
the presence of free-living nitrogen-fixing bacteria on the rhizoplane of the local rice varieties is thought to be beneficial
for them to survive in acid-sulfate soil land. Releasing ammonia into the rhizosphere may also play a role in neutralization
of the rhizospheric soil to reduce toxicity of aluminum, so our idea was that ammonia produced from free-living nitrogen-
fixing bacteria on the rhizoplane are a key factor in the adaptation of local paddy rice to acid-sulfate soil. So far our
preliminary investigation, free-living nitrogen-fixing bacteria were frequently isolated from the rhizoplane of the local
paddy rice. In this paper, we report rhizoplane pH of the local rice varieties and investigation of their rhizoplane microflora,
particularly those of nitrogen-fixing bacteria, and further discuss on micro-ecological role of those diazotrophic bacteria.

MATERIALS AND METHODS

Preliminary Measurement of Rhizoplane pH on Several Acid-tolerant Plants and Soil pH

For preliminary, simple pH measurement for rhizoplane of the acid-tolerant plants inhabiting acid-sulfate soil, peat soil
or sandy spodozol-like soil, a portable pH meter (ORION model 250A, USA) equipped with a glass microelectrode
(9863 BN, ORION), a half of which stainless cover to protect the tip has been removed. The soil attached to the surface
of fresh root was washed out with pure water using a handy spray bottle. With a soft polyurethane foam, free water on the
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root was absorbed, and enhold the root and bare glass electrode with the polyurethane foam. The pH value was recorded
until the pH meter indicate stable numeric over 10 seconds. After measured rhizoplane pH of 8-10 numbers of the
samples, the highest and the lowest data were both eliminated and then calculated the mean and standard deviation (SD)
for remaining ones. For soil pH, a raw soil (ca. 1 cm?) was put in a plastic bag and added double volume of pure water.
Suspending the soil into the water for 10 min, the soil water was directly measured by the handy pH meter. In the case of
paddock soil, microelectrode was directly attached on a wet soil cake, and hold it until pH value became stable for 10
seconds.

Screening Method for Rhizoplane Microorganisms

We used a gellan gum-base soft gel medium for observation and evaluation of the microflora of rhizoplane nitrogen-
fixing bacteria (Hashidoko et al., 2002). Solidifying with this gel matrix (0.3%), a nitrogen-free medium (Winogradsky’s
salt medium) with 1% glucose as sole carbon source (Tchan and New, 1984) was initially used. The root fragment (1 cm
long) was washed several times with 20-25 ml of sterile water, and finally vortexed for 30 sec. in 10 ml of sterile water
in an 18-cm test tube. The resulting washings were used as the inocula, regarding that it contains rhizoplane bacteria. For
inoculation, generally 100 ul of the washings was added to the liquefied soft gel medium and briefly vortexed 3-times.

Physiological Properties of Emerging Bacteria in the Soft Gel Medium

Bacteria developed in the soft gel medium showed some patterns of the colony emergence, according to the factors as
follows: a) respiratory type, b) motility and oxygen adaptability, and ¢) population of bacterial cells. By patterns of the
colony emergence in the soft gel medium, it was possible to know such physiological characters of the dominant nitrogen-
fixing bacteria on the rhizoplane of investigating plants. When BTB, a pH indicator, was added to be final concentration
of 40 ppm, it is also capable of monitoring ammonia or organic acid accumulation on real time in the soft gelled medium.
For the medium pH monitoring, Klebsiella pneumoniae IFO 3318 and Beijerinkia indica subsp. indica IFO 3744 were
used as the reference bacteria.

Identification of the rhizoplane bacteria
Some bacteria were purified on a modified Winogradskyis medium (Winogradskyis mineral mixture, 0.5% mannitol,
0.005% yeast extract and 2% agarose), and their phenotypic and physiological characters were investigated. For
identification, 16S rDNA sequences determination was done. Total DNA used for the template for PCR amplification of
the 16S rDNA regions was prepared by Isoplant II (Wako Pure Chemical Industries Ltd.). For the reaction, the PCR kit,
Gene Tag (Nippon Gene), was used according to its instruction protocol. The first amplification for 16S rDNA region
with universal forward (5i-AGARTTTGATCCTGGCTCAG-3i, 27f) and reverse (5--AAAGGAGGTGATCCAGCC-3i,
1525r) primers (Hiraishi, 1992) was done as 30 cycles of 94 °C for 1 min, 53 °C for 1 mim and 72 °C for 1 min. The PCR
product was diluted 10 times with pure water, and directly used as the template for the second amplification with forward
(5--CTACGGGAGGCAGCAGT-3i, 357F) and reverse (5--ACGAGCTGACGACA-31, 1076R) primers under the same
reaction conditions above (Weisburg et al., 1991), and the resulting PCR product was sequenced by ABI PRISM# 310
Genetic Analyzer with BigDye Terminator Cycle Sequencing, FS (Applied Biosystems). The sequence homology was
then searched on the database program, BLASTN,
provided by DDBIJ on its web site.
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agarose as gel matrix at low concentration (0.2%); however, we found some inconvenience of the gel matrix, namely less
transparency, inflexible gel structure and rapid solidifying nature. To overcome these inconvenient natures of agarose,
we replaced agarose with 0.3% gellan gum that is originated from bacterial polysaccharide and usually in use for plant
tissue culture. Solidifying with this gel matrix (0.3%), a nitrogen-free medium (Winogradsky’s salt medium) with 1%
glucose as sole carbon source was initially used.

Physiological Properties of Emerging Bacteria in the Soft Gel
Medium Stub culture, for 3 weeks Stub culture, for 3 weeks
Bacteria developed in the soft gel medium showed some patterns of
the colony emergence, according to the factors as follows: a) respiratory
type, b) motility and oxygen adaptability, and ¢) population of bacterial
cells. By patterns of the colony emergence in the soft gel medium, it
was possible to know such physiological characters of the dominant
nitrogen-fixing bacteria on the rhizoplane of investigating plants. In
addition, free-living nitrogen-fixing bacteria mix-cultured in the soft
gel medium showed certainly combined patterns (e.g. from lumps/
sparse to lumps or cloud to layer) (Hashidoko et al, 2002). When BTB,
a pH indicator, was added to be a 40 ppm concentration, it is capable
of observing ammonia or organic acid accumulation in the half-gelled 02% 03% 02% 03%
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Figure 3. Visualized pH change in the BTB-containing N-free medium that had been inoculated rhizoplane
bacteria of some plants sampled at Central and South Kalimantan.

Diversity of N-Fixing Bacteria on Rhizoplane of Local Rice Varieties
Free-living nitrogen-fixing bacteria on rhizoplane of Gramineae plants often show a simple, thin layer as their colony
pattern; however, those from local varieties of paddy plant in South Kalimantan frequently formed multiple layers.
Because layer-forming bacteria are highly motile, they are probably able to move into more profitable conditions,
particularly with demands toward appropriate concentration of dissolving oxygen, and they are probably able to share
niche to occupy large part of the rhizoplane/rhizosphere.

Therefore, we further focused on correlations among diversity of the rhizoplane microlflora, ammonia supply, and
rice production. In fact, nitrogen-fixing bacteria from Melastoma sp. and local varieties of paddy plants able to grow on
acid-sulfate soil showed relatively high diversity.

Characterization of Sphingomonas sp. as Rhizoplane Bacteria from Local Paddy Rice

Among rhizoplane microorganisms cultured in the half-gel medium, those from local rice varieties inhabiting acid-
sulfate soil paddocks in South Kalimantan, showed highly diverse microflora. After isolation of the bacteria composed of
the microflora, all of the bacterial isolates were investigated their 16S rDNA sequence of by PCR technique. Homology
search (with BLAST system at NRIGA) led to identification of these isolates from local varieties to be S. rose, S. adhaesiva,
S. parapaucimobilis, S. melonis and three unknown Sphingomonas sp. The major isolates were surprisingly all
Sphingomonas bacteria. We have yet no direct evidence whether theses Sphingomonas spp. are involved in a group of
free-living nitrogen-fixing bacteria, and there is only one reliable report about nitrogen fixation by Sphingomonas sp.
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(Adhikari et al., 2001). However, their highly frequent appearance from the acidic soil-tolerable plants, including local
paddy rice strongly suggested characteristic function of Sphingomonas sp. on the rhizoplane under acidic soil conditions.

CONCLUSION

Based on the results from our preliminary investigation, we estimated certain contribution of rhizoplane bacteria to the
acid-tolerant plants in their adaptability to acid-sulfate soil. It is hence significant to study further those rhizoplane
Sphingomonas sp. on the paddy rice in nursery pot and container experiments. Moreover, effects of root exudates on
behaviors of root-associating nitrogen-fixing bacteria, which involves their role in regulating rhizoplane pH, should be
examined. All of the phenomena that we observed in productivity and physiological behaviors of local rice varieties are
likely to be highly linked with their functional rhizoplane microflora, which regulate rhizospheric conditions.
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ABSTRACT

The chemical properties of peat pore water in the basin of the Sebangau River and Lahei district, Central
Kalimantan, Indonesia, were studied with reference to the data for Cape Ochiishi Mire and Furen Mire, eastern
Hokkaido, Japan. We analyzed the major ions, pH, electrical conductivity (EC) and redox potential (Eh) of the
peat pore water with reference to their vertical profile. Correlations between sulfate concentration and pH in peat
pore water exhibited differences between the mires. A negative correlation between pH and sulfate concentration
in the Paduran site implies a contribution of sulfuric acid on pH produced by pyrite oxidation originating from
the underlying sediment. However, a positive correlation between pH and sulfate concentration was found in
Lahei and the upper Sebangau sites. The present findings suggest that sulfuric acid production by pyrite oxidation
is not the dominant acidification process of the peat pore water in the peat lands in the upper basin.

Key words: acidification, proton, pyrite, redox potential, tropical peat

INTRODUCTION

Peat is the accumulated organic remains of dead plants, and now peat lands are regarded as an important carbon pool
which regulates green-house gases in the atmosphere (Shimada et al., 2001). The basin of the Sebangau River and the
Lahei district, Central Kalimantan, Indonesia, belongs to the tropical forest zone and has very high precipitation in the
rainy season, which impedes plant decomposition as a result of the high water table and the consequent anoxicity in the
peat layer. Rain forests are established on peat lands in tropical areas, and hence tropical peat contains higher amounts of
woody plant material than circumpolar herbaceous peat lands with grasses, and the acidity of tropical peat is much higher
than the circumpolar peat (Anderson, 1983; Clymo, 1983; Haraguchi et al., 2000). The soil of this area is characterized
by Spodzol with an extensive bleached horizon composed of white sand and silt of quartz (Djuwansah, 1999), and this is
due to the high acidity of the peat. A problem caused by the destruction of the peat layer in the coastal region of Central
Kalimantan is the oxidation of pyrite in the sediment underneath the peat layer. After destruction of a peat layer occurring
with pyrite-containing sediments, the sulfuric acid concentration will increase in the soil, and a large proportion of
nutrients will be lost. Also, the sulfuric acid leached from the soil causes acidification of river water and consequent
effects on the estuarine areas. In this study we tried to accumulate fundamental data for evaluating how the acidity of peat
pore water is affected by pyrite oxidation.

MATERIALS AND METHODS
Study Area
We surveyed five sites in the Central Kalimantan, Indonesia during the dry season, the lowest precipitation of the year
(Kurasaki, 2000). The study site in Lahei is in the upper basin of the Mangkutup River (Haraguchi et al., 2000). Three
sites, Setia Alam Jaya, Bakung and Rasau, were in the upper basin of the Sebangau River. Another site in Paduran was
in the lower basin of the Sebangau River (Fig. 1). Site characteristics are summarized in Table 1.

For comparative purposes in our analysis of tropical peat, we used data from Cape Ochiishi Mire and Furen Mire in
eastern Hokkaido, Japan (Table 1).

Methods
We took peat core samples from the peat top to the mineral surface with an Edjelkamp peat sampler. Peat pore water
was collected from bulk peat samples by filtering though nylon mesh (ca. 0.2 mm). Samples were taken at every 10-25
cm interval of the core.

The pH, electrical conductivity (EC) and redox potential (Eh) of the peat pore water were measured immediately
after sampling. The concentrations of cations (ammonium, sodium, potassium, magnesium, calcium) and anions
(chloride, nitrate, nitrite, sulfate and phosphate) were analyzed using an ion chromatograph (TOA, Tokyo, Japan and
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Dionex Japan, Osaka, Japan) after samples had been filtered through a 0.45 mm cellulose ester membrane filter
(ADVANTEC TOYO, Tokyo, Japan).

Spearman’s correlation analysis was used to test the correlation between pH and other chemical parameters of the
peat pore water.

.

110 1MSE 120E

Figure 1. Map of the study sites in Central Kalimantan, Indonesia

Table 1. Characteristics of the study sites.

Area Location Altitude Land use Sediment
Lahei 1°55°S, 114°10°E 43m natural forest mire sand
Setia Alam Jaya 2°18°S, 113°55'E 12m natural forest mire sand
Bakung 2°24°S5, 113°56°E 12m natural forest mire sand
Rasau 2°30°S, 113°59°E 12m natural forest mire clay
Paduran 2°53°S.113°46°E 9m paddy field. natural forest mire clay
Cape Ochuishi Mire 43°10°N, 145°31’E - 50m ombrotrophic mire, forest mire clay, silt
Furen Mire 43°17N, 145°15E  10m minerotrophic and ombrotrophic mire  ¢lay
RESULTS AND DISCUSSION

At the Lahei study site, the pH of the peat pore water showed significant positive correlations with redox potential, and
with potassium, ammonium and sulfate concentrations, and it showed a significant negative correlation with nitrate
concentration (Table 2).

At the three study sites in the upper basin of the Sebangau River, the pH of the peat pore water showed significant
positive correlations with calcium, ammonium and sulfate concentrations (Table 2).

At the Paduran study site, the pH of the peat pore water showed significant positive correlations with potassium,
nitrate and chloride concentrations, and it showed a significant negative correlation with sulfate concentration (Table
2).

At the Cape Ochiishi Mire in eastern Hokkaido, the pH of the peat pore water showed significant positive correlations
with calcium and nitrate concentrations, and it showed significant negative correlations with redox potential, and with
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Table 2. Spearman's correlation coefficient between pH and other chemical parameters of the peat pore water
in mires in Central Kalimantan, Indonesia. EC: electrical conductivity, Eh7: redox potential corrected at pH = 7.0,
n: number of data. Significance level of correlation: *** p <0.001, ** p<0.01,* p <0.05, NS not significant p > (.05.

Site Lahei Upper Sebangau Paduran
n=46 n=75 n=22

EC 0.065 NS -0.211 NS 0.184 NS
Eh, (1,583 #%* 0.038 NS -0.098 NS
Na' 0.230 NS 0.197 NS 0.159 NS
K 0.389 ** 0.098 NS (0.525*
M -0.032 NS 0.119 NS -0.049 NS
a2 -(.262 NS 0236* -0.244 NS
NH,* (1,590 % 0236* 0.149 NS
NO, <0510 #** -0.051 NS 0.679 ***
cr 0.258 NS 0.064 NS 0.515*
POF 0. 119 NS 0.027 NS 0.360 NS
SO% (1,555 ##% 0277* -0.487 *

Table 3. Spearman’s corrclation cocfficient between pH and other chemical parameters

of the peat pore water in mires in Eastemn Hokkaido, Japan. EC: clectrical conductivity,
Eh7: redox potential comected at pH = 7.0, n; number of data. Significance level of correlation:
34 p < 0001, ** p < .01, NS not significant p = 0.05,

S Cape Ochiishi Mire Furen Mir
n =3 n=43

EC 0037 NS (1,545 #9%
Eh; A1, 547 we 0,536 ¥
Mo 0039 NS (462 *#
K ), F5 wkw -0, 274 NS
Mo (60 NS [, 540 s8&
ra (295 +&% (415 *#
WHLT 00409 NS 530 v
MO 0170 &% 0282 NS
or A 153 9+ -, S, e
PO > 0,027 HS 0099 NS
g - A1, M4 ks 454 *#

potassium, chloride and sulfate concentrations (Table 3).

At the Furen Mire, the pH of the peat pore water showed significant positive correlations with electrical conductivity,
and with sodium, magnesium, calcium and sulfate concentrations, and it showed significant negative correlations with
redox potential, and with ammonium and chloride concentrations (Table 3).

As indicated by the correlation analysis, the determinant factors of the pH of the peat pore water were different among
study sites. Among the chemical parameters, redox potential showed a significant correlation with pH at the Lahei site,
Cape Ochiishi Mire and Furen Mire; however, the correlation was quite the opposite between tropical peat and temperate
peat. At the Lahei site, reduced soil condition is related to the acidic condition. The redox potential of the peat pore water,
however, constantly showed a value > 100 mV vs. NHE, and hence the anoxic decomposition of organic substances
should not be considered the determinant process which makes the peat pore water acidic. High nitrate concentration
accompanied acidic conditions, and hence decomposition under oxic conditions would promote acidification in Lahei
peat. In Ochiishi Mire and Furen Mire, on the other hand, high redox potential accompanied acidic conditions. The redox
potential of the peat pore water, however, constantly showed a value > 100 mV vs. NHE as at Lahei, so the temperate peat
also showed oxic conditions from the top to the bottom. Low concentrations of nitrate in Ochiishi Mire and high
concentrations of ammonium in Furen Mire accompanied acidity of the peat pore water. These imply somewhat reduced
conditions would produce organic acids in peat which would acidify the peat.

Sodium and magnesium, major components in sea salts, showed positive correlations with pH in Furen Mire. Furen
Mire is a coastal mire with low elevation and the mire should experience frequent sea water inundation. These correlations
imply that the supplied sodium and magnesium ions were exchanged for protons in organic substances, and the protons
contributed to the acidification of the peat pore water.
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Potassium and chloride concentrations showed different correlations with tropical and temperate peat. In tropical
peat, low concentration of these ions relates to low pH. Negative correlation of chloride concentration and pH in Furen
Mire would be explained by the effects of sea salt on acidification. Chloride is also supplied by sea water inundation.
Only cations, however, were exchanged for protons in organic substances, and anions remained in the peat pore water.
Consequently, low concentrations of sea water cations and high concentrations of chloride accompanied acidity in coastal
peat. Cape Ochiishi Mire is also in a coastal area, but it was established on a coastal terrace 50 m a.s.l. As a result,
atmospheric deposition, rather than direct inundation, is the dominant sea salt supply process for the peat in the Cape
Ochiishi Mire. Although the correlations of sodium and magnesium with pH were not significant, the significant negative
correlation of chloride with pH suggests a contribution of sea salt to the lowering of the pH of the peat in Cape Ochiishi
Mire.

Low calcium concentration accompanied low pH in both the tropical and temperate mires. Although there is no
calcareous water supply for these mires, calcium supply should be one of the neutralizing factors for peat pore water at all
the studied mires.

Sulfate showed different correlations among the mires studied. Low concentrations of sulfate accompanied low pH at
the Lahei site, the three sites in Upper Sebangau and at Furen Mire. This implies that sulfuric acid should not be considered
the determinant factor in acidification of peat pore water in these mires. At the Paduran site and Cape Ochiishi Mire,
however, high concentrations of sulfate corresponded to low pH. This implies that sulfuric acid is possibly the determinant
factor for low pH at these two mires. It is evident that the mineral subsoil in Paduran contains high concentrations of
pyrite, so pyrite oxidation and the consequent diffusion of sulfuric acid to peat pore water possibly acidifies the peat pore
water. The redox potential of the peat pore water was > 100 mV even at the bottom layer of peat, so the peat redox
condition is oxic enough for the oxidation of pyrite even at the bottom layer. At Cape Ochiishi Mire, sulfate would be
supplied from sea salt via atmospheric deposition. This could be explained as following the same process as chloride.

Although a contribution to the acidification of peat by sulfuric acid produced through pyrite oxidation originating in
the underlying sediment was found at Paduran, the lower basin of a river, sulfuric acid production by pyrite oxidation is
not the dominant acidification process for peat pore water in the tropical peat lands in the upper basin.
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ABSTRACT

Peat samples from a 3.60 m core collected from Rawa Danau, West Java, Indonesia, were studied to reconstruct
past vegetation and climate changes. The study carried out combining visual observations, elemental analyses,
stable carbon and nitrogen isotope analyses as well as CuO oxidation of lignin residues. Variations of total organic
carbon (TOC: 55.53 - 3.18 %, mean 23.31%), total nitrogen (TN: 2.52 - 0.06 %, mean 0.94%) and water content
(WC: 46.8 - 93.2 %, mean 79.0 %) with core lithology reflected dry and wet cycles. Vertical profiles for TOC, TN,
WC and core lithology also had signatures of heavy precipitations and consequent land sliding at the abrupt
change of climate (wet cycles). Variations of (C/N), (15 - 93, mean 27) and 6"C (-27.0 to -30.1 %o, mean -28.5 %o)
of organic matter (OM) in the peat core indicated that the organic material was comprised of terrestrial C3 plant
material. The direct input of aquatic plant matter was small or overwhelmed by high terrestrial input, although
changes in lake productivity due to decreasing/increasing nutrient availability were reflected in 8'°N profile. At
low elevations in the tropical area, a large shift in vegetation zones was not likely observed. Most species might
persist at the site when small-scale localized environmental changes and human disturbances or natural forest
fires occurred, but the abundances of particular species might change, depending on the natural conditions in
which a species could grow. However, vegetation changes associated with periodical sequence of dry and wet
microenvironment were inferred from the total lignin phenol (TLP) profile.

Key words: isotope, lignin, peat, tropical, wetland, vegetation and environment.

INTRODUCTION

Histosole (peat soil) contains a considerable amount of organic matter (OM) and provides a verity of indicators that can
be used to reconstruct the past depositional environment and paleoclimate (Cerling et al., 1989; Aucour et al., 1999;
M ller and Voss, 1999; Choi, 2001). The types of vegetation that existed at a locality at different times in the past can also
be estimated from compositions of OM in different age’s peat layers. Tropical lowland peat deposits are often dominated
by trees and shrubs (Phillips and Bustin, 1998; Wiist and Bustin, 1999). Peats from Malaysia, Indonesia, Irian, Java and
Thailand have large amounts of woody material and amorphous matrix (Wiist et al., 2001). The amorphous matrix
contains residues and fragments of fibers, leaves, roots, spores, pollen, diatom, hard wood and partially decayed wood
tissues. Tropical peats are therefore rich in lignin with significant amounts of cellulose, hemicelluloses, protein and
water-soluble compounds which are partially lost during early microbial activities (Orem et al., 1996; Kuder and Kruge,
1998). A wealth of environmental and ecological information preserved in peat can often be obtained from stable isotope
analyses (Rundel et al., 1989; Bowen, 1991). The natural variations in stable isotope ratios of both carbon (8'*C) and
nitrogen (8'°N) are extremely useful in tracing and quantifying sources, sinks and flux within the biogeochemical cycles
(Filley et al., 2001).

In the present study, an attempt has been made to reconstruct the past vegetation and climate changes in tropical
area, Rawa Danau, West Java, Indonesia, using 8"°C, 8"°N, atomic (C/N), ratios of OM together with lignin phenol
composition (CuO oxidation) of a peat core. The principals behind using these parameters for this purpose are; (1)
significant differences of 8'*C values in different plant types depend on photosynthetic pathway [C3 plant: -23%o to -34
%o (-27%0) C4 plant: -9%eo to -17%o (-13%0) and CAM plant: -10%o to -30%o; Deines, 1980; O Leary, 1988; Farquhar et
al., 1989], (2) source plant can be identified by lignin phenol compositions (gymnosperm plant: vanillyl phenols, angiosperm
plants: vanillyl and syringyl phenols, nonwoody plant: vanillyl, syringyl and cinnamyl phenols; Hedges and Mann, 1979;
Orem et al., 1997) as well as lignin enrichment of peat sample, and (3) the isotope and lignin composition of the OM in
peat is similar to the isotope and lignin composition of the vegetation cover from which it derived.

MATERIALS AND METHODS
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Study Area

The Rawa Danau lies in an ancient caldera of Danau volcanic complex on the north-western tip of West Java, Indonesia,
at an elevation of around 100 m above sea level (asl), at 6°11°S and 105°59” E (Fig. 1). The catchments include the steep
hills and mountains forming the wall of the caldera. The surrounding caldera rim is at an altitude about 140 m asl, and the
adjacent high volcanic terrain is mostly between 400-700 m asl, but the Mt. Karang, some 15 km to the southeast, reaches
1778 m asl. Two hundred years ago, there was a substantial lake in the caldera, the size of which is unknown, and it does
not exist at present as its original form (Endert, 1932). Rawa Danau occupies a few km? and the deepest part is the crater
bottom which is largely occupied by swamp. Early of the last centaury, it covered approx. 50 km? and artificial attempts
had been made to drain the lake and reclaim the land for agriculture purpose by lowering the base of the outlet channel
(Endert, 1932). The northern part is still a morass and regarded as an important nature reserve because of its unique flora.
The Danau area is drained by three rivers namely Ci danau, Ci kalumpang and Ci bojang. Among them Ci danau catchments
covered major portions (72 km?) of caldera that originated on the northern lower slopes of Karang volcano. The danau
volcanic complex is of plio-pleistocene age and formed in a number of eruptive phases. It appears that all other volcanic
centers are presently dormant. The geomorphology of the inner caldera is indicative of the youngest sedimentation.
Nearly all sediments are derived from the southern volcanic slopes and deposited in alluvial fans and fluvial system in the
caldera. A survey of the swamp deposit by Indonesia Geological Survey (IGS) shows that deeper basin deposits (> 6 m
depth) consist of fine-grains (organic silt-clay) with minor intercalations of peat and fluvial sands (Rimbaman, 1994).
Peat deposits prevail in the central swamp area with sequences up to 4-5 m thickness just below the surface.

Climate of the Java Island in Indonesia is driven by the Asian monsoon system. This system produces both dry and wet
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Figure 1. Map of the coring site

monsoon climates. The mean yearly temperature for all of Java is approx. 27.5 °C and does not vary systematically along
the longitudinal moisture gradient. Van Steenis (1965) documented a pronounced floristic gradient across the island
correlated with the change in climate. Vegetation of Rawa Danau explained else where in detail (Kaars et al., 2001).
Briefly, the main vegetation types of Rawa Danau are mixed forest swamp, Ficus retusa swamp forest, open herbaceous
swamp and dry land largely deciduous (Stujts, 1993; Kaars et al., 2001; references therein). On the slope of the hills and
mountains, the lowland tropical rain forest is gradually replaced by sub-mountain and mountain forest. The swamp
vegetation in the northern part is partially replaced by rice field, but the signature of original swamp forest is still common
at the edge of remaining fresh water swamp. Agriculture farm (mainly rice field) and villages are developed in southern
part of the Danau where the original vegetation is cleared or replaced. A mosaic of secondary and deciduous high forest
vegetation dominates the hilly northwestern slopes of the caldera.

Sampling

After analyzing three test cores from Rawa Danau, the main core (RD-1), 3.60 m deep and 10 cm diameter, was collected
by piston coring in September 2001. Since piston coring disturbed upper portion of the main core, a gravity sub-core of
32 cm was collected to maintain sedimentary sequence. The peat cores were divided into slice approx. 2 cm thick, sealed
in polyethylene bag and transported to laboratory. The material was freeze-dried, homogenized with mortar and pestle,
passed through a 300 um sieve and finally preserved for subsequent analysis.
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Elemental and isotopic analyses

The water content (WC) was determined gravimetrically using weight differences between wet and freeze-dried samples
and expressed in %. Weight percentage of total organic carbon (TOC) and total nitrogen (TN) were measured by Thermo
Quest elemental analyzer of model NA2500 NCS. Samples were combusted at 1000°C to CO, and NO_ gas and a subsequent
Cu-packed column reduced NO, to N, gas at 750°C. The CO, and N, gases were separated chromatographically, detected
using a thermal conductivity detector (TCD), and the resulting signals were digitized, integrated and mathematically
processed along with results based on standard. Alanine was used as a standard for TOC and TN determination using
peak areas recorded by shimadzu RA6 integrator. During each measurement, standard alanine samples were inserted
after 10 natural samples intervals in an auto-sampler to check the analytical results. A few selected samples run several
times for estimating the reproducibility of the measurements and found that the deviation is less than £5% for both TOC
and TN.

Stable carbon and nitrogen isotope compositions were determined by the method involving automatic combustion in a
elemental analyzer (Thermo Quest NA 2500 NCS) interfaced via a Finnigan CONFLOW II system to a Finnigan MAT
252 mass spectrometer (Finnigan, 1995). Half the samples were analyzed at least in duplicate with a maximum difference
of £0.2%o0 between replicates. The performance of the automatic EA-CONFLOW II - MS system was evaluated by
running the working standard alanine samples of known 8'*C (-21.56 %o) and 8'°N (-5.25 %o) values and the accepted
values were obtained for both of carbon (£0.07%o) and nitrogen (£0.21 %o) within samples size ranges 7-100 pg carbon
and 100-300 ug nitrogen for the measurements.

Lignin analysis

About 30 mg of bulk lipid free peat was oxidized with CuO at 170 °C for 3 hours in 2N NaOH containing ferrous
ammonium sulfate [Fe(NH,) (SO,),.6H O] (Hedges and Ertel, 1982). After adding known amount of ethyalvanilline and
cinnamic acid as internal standards and adjusting the pH tol by adding 6N HCI, lignin phenols were extracted with
peroxide-free diethylether. The quantification of lignin phenol monomers were performed by GC (Shimadzu14B) equipped
with DB-1 (60 m x 0.25 mm, id). Details of the procedures were described elsewhere (Tareq et al., 2002).

RESULTS AND DISCUSSION

Core lithology and sedimentation rate

The core (RD-1) of 360 cm in total length collected by 380 cm core tube insertion indicated only less than 5% compaction
during coring operation. The upper 50 cm of the core was a mixture of grass-woody peat and partially decayed plant
tissues except for the depths of 8-12 cm that were enriched by silty-sand-clay. Visual inspection during sample processing
indicated that rest of the core (50 - 360 cm) was mainly composed of woody peat. A few numbers of silty-sand-clay
enriched layers were detected at different depths (9, 115, 175, 225, and 280 cm). Perhaps, these silty-sand-clay layers are
the signature of upper mountainous erosion due to heavy precipitation or changing water level of the lake. No decreasing
trend with depth was observed in water content (WC) profile, rather it was correlated with core lithology, TOC and TN as
shown in Fig.2. It was also clear from the WC profile that compaction effect was not pronounced during sedimentation.
Macroscopic observation of detritic materials indicated that this mineral faces deposited in a calm deposition milieu.
There was no trace of current activity within sediments.

Nine conventional radiocarbon (**C) dates on bulk sediments are available for the core RD-1 sequence. Dates were

Tablel. Calibrated radiocarbon ages* of the core RD-1.

Sample code Depth Uncalibrated "“Cage= Cal. Age in BP Cal. Age in AD/BC
an
(em) (BP) a) @) a) @)
RDT2 22 410£240 423(0.78 ) 353 AD 1527(0.78 ) AD 1600
RDT3 55.5 880+220 820(0.94) 858(0.97 ) AD 1130(0.94) AD 1098(0.97 )
RDT4 66.9 10404280 954(0.93 ) 974(0.98 ) AD 996(0.93 ) AD 976(0.98 )
RDT5 99 14004260 1305(0.95 ) 1310 AD 645(0.95 ) AD 640
RDT6 123.2 1600+290 1547(0.97 ) 1548 AD 404(0.97 ) AD 402
RDT7 137.6 17404350 1672 1704 AD 278 AD 246
RDBI1 175.3 3030+260 3169 3287(0.98 ) BC 1220 BC 1338(0.98 )
RDB2 188.3 35004360 3813(0.98 ) 3800(0.98 ) BC 1861(0.98 ) BC 1851(0.98 )
RDB3 207.7 40204360 4429(0.96 ) 4455(0.97 ) BC 2480(0.96 ) BC 2506(0.97 )
Bottom 360 6529 (Cal.) 7428 7428 BC 5479 (0.79) BC 5479 (0.79)

*Ages are calibrated in both years B. P. and A.D./B.C., and expressed at one sigma (68.3% confidence) and two sigma (95.4% confidence) ranges.
Where multiple intersections of the calibration curve occur, the largest relative area of the probability distribution in each case was chosen to
represent the most probable age range (probability values shown in brackets and ifalicized). Age values are meadian age of the two sigma
calibrated ranges.
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calibrated by CALIB rev. 4.3 (Stuiver et al., 1998), and are presented in Table 1. The age/depth relationship (r>= 0.93)
indicated a coherent sequence of increasing age with depth. Based on the calibrated radiocarbon dating results of the
bottom, the average sedimentation rate of the core was 0.048 cm/y. This rate is lower than those of mangrove and other
sub-recent coastal sedimentation in the tropics, but comparable to other tropical wetland (Ledru, 2001). However, rate of
sedimentation of this lake was not uniform for all depth. Grass peat showed higher rate of sedimentation (0.079 cm/y)
than that of woody peat (0.031 cm/y). The organic matter preserved at the bottom section of the core represented Holocene
materials (7.4 ka BP). The low accumulation rate observed after 1.7 ka BP made the interpolated ages somewhat uncertain
in comparison to the much better resolution of the overlying sections.

Distribution of organic carbon and nitrogen
The TOC content remained high throughout the all depths with some sharp peaks at different depths as usually observed
for the accumulation of OM from terrestrial sources (Aucour et al., 1999; Bourdon et al., 2000, references therein). A
vertical profile of TOC showed variation between 3.18 and 55.53 % with an average of 23.31 %. The major sources of
OM in the peat land are the detritus of land plants that have covered the coring site and upper mountainous catchment
areas. Detritus form phytoplankton and algae can be an important additional contributor to the OM in peat of tropical
wetland.

The vertical distribution of total nitrogen (TN) with depth of peat core is shown in Fig.2. The TN ranged from
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Figure 2. Vertical distributions of total organic carbon (TOC), total nitrogen
(TN) and water content (WC) with calibrated '“C-age. Shaded areas indicate
different hydrological regimes.

0.06 to 2.52 % with an average value 0.94% for overall the depths. In relation to TOC content, TN also showed peaks at
the same depths. There was a significant correlation (Fig.3; r’= 0.66) between TOC and TN which could be attributed to
the possible unique source signature overall the accumulation period. Although TN showed similar trend, the concentrations
were a factor of 8-10 lower than that of TOC. Both TOC and TN contents were higher in woody peat layer than the clay-
silt-sand enriched layers. The atomic ratios of carbon to nitrogen (C/N), varied frequently (15 - 93) with an average value
27. The (C/N), ratio is widely used to identify the source of OM (Meyers, 1994; Herczeg et al., 2001). Vascular land plant
has C/N ratios higher than 20 (C/N > 20) due to comparatively high cellulose content whereas non-vascular sources like
algae and phytoplankton have C/N ratios from 4 to 10 (Meyers, 1997). Most of the layers of core RD-1 had (C/N), > 20
indicating vascular plant sources, but few layers at different depths had (C/N)_ 20 - 10 due to complex heterogeneous
contributions of the terrestrial plant sources and in-situ developed aquatic species such as algae, phytoplankton, and
other protein enriched sources under an optimized environmental condition. The hydrological variations may be results
of land use changes and river regulations. A large scale natural/artificial diversion of three major rivers in caldera could
reduce water discharged of pre-regulation amount which influenced swamp vegetations.

Isotopes signature
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The 8"C, 8°N and (C/N)a values for the whole
core are plotted versus depth in Fig.4 along with
y = 0.0404x + 0.004 calibrated time scale for the 7.4 ka BP ("*C age).
25 | R = 066 o The 6"°C displayed a small range of fluctuation
between -27.0 and -30.1 %o. This shift
apparently should be caused at least by selective
loss of the isotopically heavy carbohydrate
fraction (compare to lignin) of total OM (Spiker
and Hatcher, 1984). Diagenetic effect usually
induces minor 8'*C depletion in buried OM (>2
%o ; Macko et al., 1991; Meyers, 1994) and can
be considered as a secondary factor for the
observed variability. Moreover, the core did not
show any strong downward trends for
diagenetic signature in 8"°C as well as (C/N),.
Despite of the possibility of a diagenetic
overprint on the isotopic compositions, the
overall changes in 8'*C values from -27.0 to -
30.1 %o in the peat core would reflect changes
0 10 20 30 40 50 gg  of environmental factors that influenced the
isotopic discrimination during photosynthesis

TOC (%) of the primary biomass producers.
The average values of 8*C (-27.2 %o)
Figure 3. Correlation between TOC and TN of the RD-1 core and C/N ratio (27) is a signature of the
dominance of C3 terrestrial plants though the
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isotopic signature of C3 land plants can not be distinguished from that of fresh water algae (Meyers, 1994). The natural
difference in stable carbon isotope ratio of different plants provides fine resolution spectrum of vegetation succession in
tropical wetland (Chmura et al., 1987; DeLaune, 1986) and has the potential to provide valuable evidence of changing
hydrological regime and climate. In Rawa Danau, the vegetation was not completely altered during peat development,
but only relative abundances of different plant species (angiosperm, gymnosperm, nonwoody plants) changed as was
shown by lignin phenol compositions (Tareq et al., 2002). The irregular changes of 8'*C values at different depths were
more likely due to isotopic fractionation in changing relevant climatic parameters including precipitation and air
temperature. Stewart et al., (1995) suggested a co-efficient for eastern Australian climate covering a large range of
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precipitation (350-1500 mm) and open vegetation. They measured a decrease of 0.33 £ 0.07 %o per 100 mm increase in
precipitation, but the control of temperature on 8'*C plant was poorly constrained. It is difficult in a natural environment
to separate its influence from other parameters. The variation of 8'3C in the peat core reflects the changes water availability
results in a complex balance among precipitation, annual distribution, evaporation, water runoff and drainage.

Variation of 8 "N values of peat core RD-1 was between -1.0 and 4.0 %o with mean of 2.0 %o, indicating the
change in composition of source materials and relevant environmental parameters. Algal and land plant sources of OM
have distinct values of 8"°N due to the different isotopic composition of inorganic nitrogen taken by aquatic and land
plants. Hydrological changes can also affect the 8'’N value of peat of the tropical wetland. Meyers et al. (1998) noted a
2 a shift towards higher values due to lowering of the water level in Pyramid lake, Nevada, that was caused by partial
diversion of Truckee river for agricultural use. This is caused by a decreasing nutrient availability in lake as runoff (due
to low precipitation) from the catchment area decreases. During periods of high productivity, phytoplankton may be
forced to fully utilize available dissolved inorganic nitrogen (DIN) and tend to be more enriched in N than during
periods of low productivity (Meyers et al., 1998). The major rivers in Rawa Danau shifted several times artificially and/
or naturally, and it might play an important role in shifting the 8'°N values. The chronological information derived from
14C indicated that the enrichment of 8'°N in the peat core began in mid Holocene when the lake became shallow (From
diatom records; Kaars et al., 2001) and 8"°N was depleted again from the late Holocene. Vertical profile of 8'N should
reflect changing in aquatic productivity of the wetland. Both 8"*C and 8"°N values of the peat core documented several
times of shift probably due to the relative productivities of structurally and functionally-distinct components of tropical
ecosystem in response to human use or natural environmental variation. The elemental carbon record indicated frequent
forest fire from mid-late Holocene and 8'*C-elemental carbon showed a positive correlation with 8"*C-TOC (H. Tsuji,
personal comm.). The forest fire events documented by the elemental carbon record concur with dry climatic conditions
of periodical wet and dry cycles (as shown in Fig.2). It can be postulated that the local climate has been influenced by
long term oscillation as we observed like ENSO events for last few decades in tropical zone. However, geochemical
records from a single peat core are insufficient to precisely predict such changes.

Lignin signature
Figure 5 gives a representative gas chromatogram of the CuO oxidation products of Rawa Danau peat. Eleven lignin
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Figure 5. A representative gas chromatography of lignin-TMS, GC condition: DB-1 (60 m x
0.25 mm i.d.), 120°C to 290°C at the rate of 2°/min, ethyalvanillyl used as GC internal standard.

phenol monomers (p-hydroxybenzoic, vanillyl, syringyl and cinnamyl phenols) were determined among CuO oxidation
products of 24 pre-selected samples. Vanillic phenols are derived from the coniferyl lignin and both vanillic and syringic
phenols are from sinapyl moieties of lignin. They consist of aldehydes, ketones and acids. The p-coumaric and ferulic
acids (cinnamic unit) linked to cellulose by ester bonds are generated from the cinnamyl alcohol-derived moieties. p-
Hydroxybenzoic phenols were also determined, but this group can be partly derived from other sources than lignin
(Hedges and Parker, 1976; Hedges and Ertel, 1982). Total lignin phenol (TLP) in mg/g dry peat is calculated as the sum
of the four groups (p-hydroxybenzoic, vanillyl, syringyl and cinnamyl phenols).
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: Total lignin phenol (TLP) concentrations
TLP in peat (mgjg dS} of peat core (RD-1) from Rawa Danau were
0 20 40 60 80 100 120 generally higher than those from other sediments
0 - and more comparable to those observed in other
tropical peat land (Bourdon et al., 2000). The high
concentrations of TLP reflect high vascular plant
contribution to the wetland in Rawa Danau as
suggested by the high atomic (C/N)a ratio. The
vertical distribution of TLP of the core RD-1 (Fig.6)
showed increasing vascular plant component in OM
at the calibrated age of 1, 1.5, 3.5, 4.5 and 7.5 ka
BP. However, this pattern can be influenced by
rapid sedimentation and selective degradation of
lignin under oxic conditions. It can be inferred from
alternative variations of TLP that the terrestrial
vegetation of Rawa Danau strongly influenced by
the hydrological changed as indicated in Fig.2. The
detail of the vegetation change history is discussed
else where (Tareq et al., 2002) depending on
composition of lignin monomers and newly defined
lignin phenol vegetation change index (LPVCI).
We also analyzed CuO oxidation lignin
monomers of the four most dominated plant species
(Polypodiaceace, Cyperaceae, Pandanus and
Gramina) around the coring site. The materials
from the living plants showed high lignin contents
comparable to the value previously obtained for
tropical nonwoody plants (Bourdon et al., 2000).
The cinnamic group composed of both p-coumaric
and ferluic acid dominated (Table 2). By comparison with fresh plants, small fraction of cinnamic phenols was found in
the surface of the wetland (Table 2) and the amount of lignin substantially decreased, indicating post-depositional diagenetic
loss of cinnamic group is higher than that of syringic and vanillic groups. The loss of cinnamy] phenols can be attributed
to early diagenetic nature of cellulose ester bonds and thus C/V ratio can be used as indicator of degree of early diagenesis
of OM in wetland.
A comparison of average values of lignin phenol parameters between fresh plants and the surface peat is
illustrated in Fig.7. In every phenol family, peat yielded less aldehyde and proportionately more acid than fresh plant

Depth {cm)

300 +

350 +

Figure 6. Vertical distribution of total lignin phenols (TLP in mg/g
dry peat) of the core RD-1

Table2. Lignin phenol composition (mg/g of dry samples) of the plant samples collected from coring site and relevant lignin parameters with mean
values of surface peat.

Name of species % OC p-H v S C SV Cv p-H/V (Ad/ADV (Ad/ADS (Ad/Al)p-H TLP

Polypodiaceac 41.1 82 11.3 12.7 6.5 1.12 0.58 0.73 0.27 0.25 0.22 38.7 74
Pandanus 433 17.3 72 10.1 6 14 0.83 24 0.26 0.23 0.25 40.6 54
Cyperaceae 421 12.2 17 20 10.6 12 0.62 0.72 0.2 0.25 0.37 59.8 11.3

Gramina 415 10.5 10.3 18.2 8.6 1.8 0.83 1.02 0.26 0.2 0.38 47.6 9
Average (plants) 42 12.5 11.5 15.3 79 1.4 0.72 1.22 0.25 0.23 03 46.7 83
+SD +0.84 +3.35 +3.54 +4.01 +1.83 +0.25 +0.12 +0.70 +0.03 +0.02 +0.07 +8.27 +22

Average (surface peat) 264 11.3 16.3 15.8 2.1 1.03 0.13 0.73 0.52 1.28 0.37 45.5 14
=SD +7.73 +1.70 +4.73 +1.72 =0.42 +0.24 =0.03 +0.15 +0.18 +0.40 +0.15 +8.11 =4.6

Abbreations: OC: organic carbon, p-H: p-hydroxybenzoic phenols, V: vanillyl phenols, S: syringyl phenols, C: cinnamyl phenols, (Ad/ Al): acid/ aldehyde,
TLP: total lignin phenols in mg/ g dry peat, 4 (lamda): sum of vanillyl, syringyl and cinnamyl phenols per 100 mg organic carbon

tissues did. These compositional differences are sensitively reflecting the post depositional oxidatative degradation of
lignin. Comparison of lignin phenol ratio parameters (S/V, C/V and p-H/V) between fresh plants and surface peat concurred
with the results of earlier discussion on the rate of post-depositional diagenetic loss (cinnamic > syringic > vanillic).
Average values of TLP and A, (3 vanillic, syringic, and cinnamic in mg/100 mg OC) of peat are higher than those of fresh
plants due to early diagenetic loss of non-lignin components of OM in the tropical wetland.

Human dimension and environment

Vegetation in a landscape can be disturbed by both of human activities and environmental changes. At a glance, the
vegetation in Rawa Danau, West Java, Indonesia is apparently remained constant during Holocene, in which relative
abundances of different species are established as a function of local topography, hydrology and climate. Anthropogenic
disturbances are dominated by human social and economic processes and are more variable than natural disturbances.
Charcoal is commonly present in tropical rainforest soils (Sanford et al., 1985; Saldarriaga and West, 1986). However,
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2.0 the implications of these data are unclear

T because we do not know whether the charcoal
was produced by natural forest fires or by human
oPlant activities. People clearly had a large impact on
1.5 4 Surface peat the yegetation development in Rawa Dal'lau area
ot during the last few hundred years as evidenced
@ ] gg by increased burning, the appearance of food
% 1.0 4 %E crops, the apparent opening of the vegetation
= éﬂg with many grasses, sedges and ferns and
% presence of weeds (Kaars et al., 2001). Once
% the vegetation is disturbed by human impact
0.5 4 N % and/or natural forest fire, the original forest is
% usually replaced by grasses and sedges with
X occasional shrub or trees. The pollen data
0.0 . . . AW : . I"-@ suggested that the vegetation of west Java
> - > 2 7y T =] = dominated by gymnosperms prior to approx. 1.2
@3 s I < < jo3 = ~ ka BP and marked decline of gymnosperms is
= i 3z % é g evident after 10 ka BP and by 8 ka BP have
< 5

disappeared from the area (Stuijts, 1993).

PR However, lignin phenols compositions (S/V >
ngnm paramemrs 0.50) reflected the presence of gymnosperm
during last 7.4 ka BP and dominated during
forest fire events (Tareq et al., 2002). It is quite
difficult to distinguish between the human
dimension and climate forcing on the vegetation
changes at mid Holocene time (during 3.5-7.4
ka BP). Large scale vegetation changes/intensive forest fire occurred during 3.8 - 4.5 ka BP, but our data were unable to
identify whether that changes caused by human dimension (through forest clearance or burning) or natural climatic
changes (ie. drought). But it is clear from our records that the recent vegetation changes/forest fires were caused by
human activities that enhanced the periodical ENSO events.

Figure 7. Bar chart of the mean of the lignin parameters of four
living plants and surface peat of Rawa Danau (Vertical bars
represents +SD).

CONCLUSION

Variations of (C/N) , "°C and 8"°N of OM in the peat core indicated that the organic material was comprised of terrestrial
C3 plant material, and the direct input of aquatic plant matter was small or overwhelmed by high terrestrial input.
Excursions in the isotopic abundances of 5 %o in 8N and -3.1 %o in 8'3C are not artifacts of diagenetic processes but were
caused by changes in sources of organic matter. Although, , it was difficult from small scale excursion of stable isotope
values to identify paleovegetation and environmental changes, lignin phenols together with other geochemical data (like
elemental carbon, TOC, 8'3C) were able to indicate small scale shift of terrestrial vegetations. The TLP concentrations of
core RD-1 varied with depth due to the changes in composition of terrestrial plant of Rawa Danau in response to climate
changes.
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ABSTRACT

A glasshouse experiment was conducted with a suitable phosphorus (P) soil test method to determine phosphorus
availability criteria for tropical ombrogenous peat soil, using maize (Zea mays, L) as the test plant. The peat soil
used was taken from the top 30 cm layer at the Kalampangan Region, Central Kalimantan. Prior to treatment
application, basal dressings were applied to the soil, consisting of the equivalent of 10 ton.ha'of lime, and complete
macro and micro nutrients, except phosphorus. Phosphorus as treatment was applied in the form of NaH,PO, at
10 rates, ranging from the equivalent of 0 to 640 kg.ha'. The extractant tested was the Bray II method and the
plants were harvested at the maximum vegetative growth stage (55 days from planting). The results showed that
highest total plant dry weight of 32.6 g.pot” was obtained at the rate of 640 kg.ha' NaH PO, (the equivalent P
fertilizer rate of 788 kg.ha' TSP). The critical Bray II-extractable P wich gave 90% of maximum total plant dry
weight (29.3 g.pot!) was found to be 155.7 pg.g'. There was a fairly linear relationship between Bray II-extractable
P and P application rate.

Keyword : soil test criteria, phosphorus, peat soil

INTRODUCTION

Indonesia has 20.07 million hectares of peatland distributed mainly in the islands of Sumatera (8.25 M ha), Kalimantan
(6.79 M ha), and Irian Jaya (4.62 M ha), with the remainder found in Sulawesi, Halmahera and Seram islands (0.41 M ha)
(Bellamy, 1995 ; Radjagukguk,1991 and 1995). Constraints encountered on the tropical peat soils for agriculture are the
low chemical fertility, low pH, and impleded drainage. The availability of most plant nutrients, including P, are low due
to the prolonged decomposition under a high rainfall regime (Radjagukguk, 1991). No study, as yet, has been carried out
on P soil test method for ombrogenous peat soil. The study was aimed to disclose the effect of increased P application on
the growth of maize, the relation between maize growth and available P extracted by Bray II extractant in ombrogenous
peat soil

METHODS

Glasshouse experiment contained sapric peat soil soil on Laboratory of Soil Chemistry and Fertility, Department Soil
Science, Faculty of Agriculture, Gadjah Mada University. Prior to treatment application, basal dressings were applied to
the soil, consisting of equivalent 10 ton.ha! of lime, and complete macro- and micro nutrients, except phosphorus.
Phosphorus as treatment was applied in the from NaH_ PO, at 10 rates, ranging from the equivalent of 0 to 640 kg.ha™.
The extractant tested was the Bray I method and the plants were harvested at the maximum vegetative growth stage (55
days from planting). Experimental design used was completely randomized design with three replications.

RESULTS

Results of the experiment showed that increasing the NaH, PO, fertilizer rate effected plant dry weigth and available P in
the sapric peat soil and the rate of 160 kg.ha-1 NaH_ PO, the optimum values. Optimum plant dry weigth and available P
were 29.71 g.pot! and available P for Bray II extractant 68,18 ppm, respectively.

Increasing the quantity of fertilizer P suppied increased the plant dry weigth of maize (Suryanto, 1994).
Optimum plant dry weigth the treatment of fertilization equivalent 160 kg.ha'' NaH,PO, in the plant were 29.71 g.pot™.
Fertilizer suppied more than 160 kg.ha™' NaH,PO, not significant increasing for plant dry weigth for maize in sapric peat
soil.

Results of the experiment showed that increasing the NaH, PO, fertilizer rate effected for available P for Bray
Il extractant and optimum available P the treatment of fertilization equivalent 160 kg.ha'. NaH PO, in the available P
68,18 ppm, respectively.

Increasing the quantity of fertilizer P supplied increased the available P in the sapric peat soil used Bray 11
extractant. In contras to mineral soil, peat soil has low phosphorus (Erich,1991). Phosphorus losses from peat are determined
by the solubility of P fertilizer, P leaching and influenced by soil acidity (Duxbury and Peverly,1978)

Auvailable P used Bray II extractant were 68.18 ppm and plant dry weigth were 29.71 g.pot”. Corelation increasing
available p in the sapric peat soil significant for plant dry weigth. In the experiment, relationship between plant dry
weigth and soil test value was established. (Jordan ef al., 1966).
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CONCLUSIONS

Increasing the quantity of fertilizer P suppied increased the plant dry weigth of maize and increased the available P in the
sapric peat soil. Relationship between plant dry weigth and soil test P used Bray II extractant in the sapric peat soil for
maize value was established. Based on the maximum vegetative stage (55 days for planting) it was estimated that the rate
P fertilizer application required to optimum total dry weigth 29.71 g.pot' was obtained at the rate of 160 kg.ha"' NaH PO,
(equivalent of P fertilizer rate of 150 kg.ha"' SP-36). Available P at application of 160 kg.ha"' NaH PO, extracted with
Bray II was 68.18 ppm and agronomic aspect.
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Effect of Dolomite Application on Soil pH Change of Inland Peat
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INTRODUCTION

The inland peat is a type of soil categorized as marginal soil, which is less fertile for the plant growth; therefore, it needs
specific treatment to improve its potential and usefulness to the growth of plant. Using a proper technology for the inland
peat management can do this (Radjagukguk, 1991; Salampak, 1999).

The effort for handling of plant growth failure within the inland peat by solely adding nutritional content through
the fertilization was considered not effective because the lack of nutritional content was not the main cause of plant
growth failure. Nevertheless, the main cause was the content of inland peat that consisted of colloid material of peat soil.
This was mainly because colloid consists of organic acid matter, especially those of phenolic acids, which is showed by
low of soil pH and high concentration of phenolic acids in peat soil (Tadano et al., 1990; Saragih, 1996; Salampak, 1999).

This research was aimed to studying the soil pH changes on the inland peat resulted from dolomite adding, within
a certain period of incubation.

MATERIALS AND METHODS

The experimental design used in this research was Complete Randomized Design with single factor and four replicates.
The factor studied was the dolomite adding. Dolomite was applied at rates of 0 (DO0), 2 (D1), 4 (D2), 6 (D3), 8 (D4), and
10 ton/ha (D5). Each treatment was incubated at 2, 4, 6, 8, and 10 weeks.

RESULTS AND DISCUSSION
The result of this research indicated that the application of dolomite significantly affected the soil pH changes within the
time of incubation 2, 4, 6, 8, and 10 weeks. The supply of dolomite within 2, 3, 4, 6, 8, and 10 ton/ha was able to improve
inland pH in linear manner. The increase of pH became higher in line with the incubation period. The effect of dolomite
application and incubation period on soil pH changes was expressed by regression equation as follow:

Y =3.094 +0.2335X, + 0.0458X, + 0.0282X X - 0.002X * (r*=9.59)
(X, = dosages of dolomite, and X, = incubation period)

Figure 1 showed the regression pattern of dolomite application and incubation period on soil pH change. The supply of
10 tones of dolomite lime/ha had resulted in pH increase within 2, 4, 6, 8 and 10 weeks periods of treatment, higher than
in other treatment. The changes of pH were 5.61; 5.99; 6.10; 6.57 and 6.68. From this research, it was found out that to
achieve the same level of soil pH, the dolomite application with lower doses would need longer incubation period compared
to the application of higher doses of dolomite (Table 1).

CONCLUSIONS
The application of dolomite significantly affected the soil pH changes and the soil pH became higher in line with the
incubation period.

The dolomite application with lower doses would need longer incubation period compared to the application of
higher doses of dolomite to achieve the same level of soil pH.
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Figure 1. The regression pattern of dolomite application and incubation period on

soil pH

Table 1. Effect of dolomite application and Incubation time on soil pH value

Dolomite (ton/ha) Incubation time (weeks)
2 4 6 8 10
0 3.06 3.17 3.32 3.42 3.44
2 3.71 4.00 4.22 4.48 4.58
4 4.31 473 4.91 5.23 5.31
6 4.89 4.97 5.2 5.47 5.56
8 5.12 5.53 5.7 5.98 6.03
10 5.61 5.99 6.1 6.57 6.68

* to achieve the same level of soil pH, the dolomite application with lower doses would need longer incubation
period compared to the application of higher doses of dolomite
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ABSTRACT

The pH effects on the surface activity of humic acid (HA) were investigated by surface tension measurements
under various pH conditions. The surface tension of HA was depressed with decreasing in pH with an inflection
point at around pH 5.5. This can be attributed to the protonation of the acidic functional groups of HA, followed
by the accelerated accumulation of HA at the air-water interface. In addition, two break points were observed in
the surface tension curve at pH 4 and 5, whereas the one break point was observed in that at pH 6 and 7. Since the
apparent solubility of pyrene as a function of HA concentration provided the one liner relationships under the
examined pH conditions, all break points observed in this study were not a critical micelle concentration (CMC).
On other hand, the area occupied with a HA molecule (A) was decreased with decreasing in pH. From the results
described above, it was concluded that, based on the protonation, the interfacial adsorption of HA was accelerated
with the alteration in the adsorption state of HA at the air-water interface.

Key words: humic acid, surface activity, surface tension, CMC, pH, dissociation, pyrene, PAH, solubilization, dynamic
light scattering.

INTRODUCTION

Humic acid (HA) is the most widespread natural polyelectrolyte in all terrestrial and aquatic environments as well as
tropical peat lands (Schnitzer and Khan, 1972). HA has an amphiphilic nature on the basis of the presence of both
hydrophilic and hydrophobic moieties in the structure. Based on the amphiphilic nature, HA can depress the surface
tension of its aqueous solution to form the micelle-like aggregate in similar manner as a surfactant (Hayano et al, 1982;
Shinozuka and Lee, 1991). Since the surface activity of HA can influence strongly the interfacial phenomena in the
environments, such as an adsorption of it onto the surface of clay mineral (Terashima et al, 2003), a solubilization of
hydrophobic organic pollutants (HOPs) (Tanaka et al, 1997), and a bio-availability for HOPs (Holman et al, 2002), the
fundamental understanding on the surface activity of HA is one of the most important subjects.

The surface activity of HA depends on the solution conditions such as a temperature, a concentration and kind of
co-existing ions, respectively. Especially, the co-existing cations influence remarkably the surface activity on the basis of
screening the negative charge of the HA colloid (Tombacz and Regdon, 1994). The proton is one of the most affective
counter cation for screening the charge on the HA colloid because of the protonation of the acidic functional groups. It
can be expected that the protonation of HA accelerate the accumulation at the interface and also the micelle-like aggregation
in the bulk to affect the fate of HOPs in the environment. However, the pH effects on the surface activity of HA had not
been proposed in detail.

In the present 