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1. Opening of the BGBD Annual
Meeting 2005 and general
overview of project progress
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4. Progress and Achievements of the BGBD Project in 2004............conieneeees 8
 1.Words of Welcome

By Fatima Moreira

Ladies and gentlemen,

i would like to welcome all of you to the IV annual meeting of the project CSM-BGBD,
in which the BIOSBRASIL project is inserted. Starting the first session, I would like to
invite the following persons to the table:

Dr. Edinaldo Nelson dos Santos Silva, deputy director of INPA (National Research
Institute of the Amazonas)

Dr. Henrique Pereira, Director BAMA-Amazonas (Brazilian Institute of Environment)
Dr. Marieta Sakalian, UNEP/GEF

Dr. Nteranya Sanginga —Director TSBF-CIAT

Prof. Dr. Eric Smaling- extemal evaluator for GEF/UNEP

Prof. Mike Swift, former director TSBF

Dr. Jeroen Huising, global coordinator BGBD project,

[ would like to say that is an honor to receive all of you coming from all over the world to
contribute to the success of this meeting.

I also would like to thank the local authorities that kindly accepted our invitation and for
allowing us the opportunity to show them the importance of this project for the
conservation of the biodiversity in tropical forests and to improve environmental quality
and agricultural sustainability.

The hard work done during these three years of phase I, resulted in a significant amount
of data that will be shown during this meeting. | hope that all these efforts will convey
towards public policies that will favor the maintenance of the environment and improve
life conditions for future generations all over the countries.



The choice for Manaus for hosting this ineeting is highly significant because we are in the
heart of Amazon that has the highest biodiversity on the planet. The magnificent view of
Rio Negro and the luxurious rain forest surrounding us in this place, make us to reflect
upon our responsibility as scientists to help in the conservation of this wonderful world.

2. Opening remarks to the 4th Annual Meeting 2005 of the Conservation and
Management of Belowground Biodiversity project.

Dr. Henrique Pereira, Executive manager IBAMA-Amazonas

Good Morning Ladies and Gentlemen!

On behalf of the Ministry of Environment and the Brazilian institute of Renewable
Natural Resources — IBAMA, I would like to welcome all the participants to the 4™
BGBD annual meeting and to wish you all a pleasant stay in Maraus, the capital city of
the Amazonas state.

The Executive office of IBAMA at Amazonas State was properly asked by the BGBD
Brazil program for obtaining the necessary legal authorizations for the access, collecting
and transportation of biological material from its research spots at the high Solimdes river
region to several research labs that comprise its multi-institutional network.

Such authorizations were issued as BGBD have fulfilled all formal IBAMA’s
requirernents. In this process, our analysts made acquaintance with BGBD’s objectives
and methodologies, in details. Based on the analysis of BGBD research strategies we are
able to state that this program represents the most diversified, intensive, systematic and
combined ongoing survey on belowground biodiversity in Brazilian territory.

BGBD experimental and sampling designs were carefully applied so that researchers will
be able to develop a genuine knowledge on the functional links between traditional
agriculture practices and the belowground biodiversity of forested landscapes of the
Amazon region.

BGBD research spots are closely located to the Brazilian-Peruvian-Colombian triple
frontier. This easternmost region of the Brazilian Amazon remains as a region of difficult
access, A region maintained and projected to be the most preserved portion of the
Amazon.

The High Solimdes river basin is the homeland of most of the remaining indigenous
Amazonian people and one of the most important hotspots for the Amazonian agro-
biodiversity. BGBD innovales at choosing that area to place its research sites since most
information on Amazonian ecology and biodiversity inventories have been obtained from
research sites near Manaus, at the central portion of the Amazon region.

BGBD deserves a special attention by IBAMA not only by its proportions and innovative
scientific merits but mainly because BGBD research efforts are perfectly in tune with
some of the directives of the Brazilian Biodiversity National Policy stated in the 2002 by
the Presidential Decree # 4339.

The second component of Brazil's National Biodiversity Policy refers to Biodiversity
Conservation strategies and its general objective is to promote in-situ and ex-situ
biodiversity conservation, including ecosystem, species and genetic variability as well as
environmenial services maintained by such biodiversity.

BGBD is specially related to the First Directive of the biodiversity conservation
component, which is the directive that expresses ecosystem conservation strategies. This
directive calls attention to the need of in-situ conservation actions af areas, which are not
included in conservation units such as open-access or private areas converted into



agricultural land. Brazil's National Biodiversity Policy recognizes that environment
services and ecological processes are key factors for agriculture lands sustainability.

BGBD's goals correspond to some specific objectives of the Ecosystem Conservation
Component. At studying agricultural practices of traditional farmers, BGBD program will
contribute to a better understanding of how such practices as environmental intermediate
disturbances can result in conservation, increase or decline of biodiversity.

Finally, I would like to emphasize that BGBD puts into light an important and
fundamental parcel of biodiversity, the below-ground biodiversity, that have been largely
neglected and stili is poorly known by science and recognized by conservation
governmental programs.

We look forward to BGBD results.
Thank you

3. Objectives of the 4™ Annual Meeting of the BGBD project 2005.

Jeroen Huising, BGBD project coordinator

Esteerned invited guest,

Deputy Director of INPA, Dr. Edinaldo Nelson dos Santos Silva and director of IBAMA,
Dr. Henrigue Pereira,

Dear members of the Project Advisory Committee, chaired by Prof Michael Stocking,
Prof. Okwakol, chair of the Project Steering Committee,

Dr. Marieta Sakalian of UNEP/GEF,

Dr. Nteranya Sanginga, Director of TSBF-CIAT,

Dear Country Programme Conveners and participants of this Annual Meeting 2005,

I welcome all of you heartedly to this fourth annual meeting. There are quite a number of
new faces; people belonging to the project but attending the annual meeting for the first
time, but also people that are new to the project. I want to welcome specifically the
members of the project advisory committee (PAC) who will be gathering for the first time
during this annual meeting. Also there a number of technical advisors that may not be
new to the project, but that are at Jeast new to me. Country programmes are presented in
large numbers then before at this meeting and quite some will be attending the annual
meeting for the first time. The large congregation for this annual meeting illustrates the
importance of this annual meeting.

Before we proceed, | want to commemorate one person that we are missing at this annual
meeting. Last year we had to announce the decease of Prof Shiou Huang who departed at
too young an age. Prof Shiou was convening the nematode task force and he was a very
accomplished and dedicated scientist and a dear friend to his colleagues in the BGBD
Brazil programme and we will miss him for that.

The year 2004 has been a troubled year in some of the BGBD countries. | am referring to
Céte d’Ivoire where the political situation took a tam for the worse. In November last
year hostilities flared up with subsequent political unrest in the country. There was a
delegation from the BGBD project visiting the Ivorian BGBD team, just shortly before
the unrest broke out. It is only recently that we have heard about some posttive
development, but the operations of the Ivorian BGBD project will have been and will be
affected in different ways.

Then of course the Tsunami struck at the end of December 2004, with Sumatra,
Indonesia, being severely hit, but also India being among the countries heavily affected.
Recently a second earthquake off the coast of Sumatra inflicted further heavy casualties
among the Sumatran population. Nobody of the BGBD project Indonesia was directly



affected, but a disaster of this magnitude affects everybody in one way or another. We
sympathize with all those affected and wish them success with rebuilding their homes and
recanstructing the affected areas.

The objectives

This years meeting will have a different character from the previous ones. The number of
participants, as mentioned already, is far bigger this meeting. Where refer to these
meetings nowadays as the “annual meeting” which | think is more appropriate for a
congregation of this size. The importance of this year’s annual meeting is signified by it
being the last meeting before the end of phase | of the project. Whereas during last year’s
annual meeting we were still very much preoccupied with organising ourselves to get the
inventory started and carrying it out, the focus of this year’s meeting will be on resuits o
that inventory and outputs of the project.

The request for submission of papers for this year’s annual meeting aimed to generate
output in the form of proceedings for this meeting. I observe that we have delayed with
producing outputs and I hope to improve this through publishing proceedings of this
meeting (partly). This is the first objective of the Annual Meeting. { do urge everybody to
still submit their papers if they have not done so already, such that we wili be able to
present a comprehensive report.

The analyses of the data have not been completed. Partly fieldwork in ongoing and the
results that will be presented during this annual meeting will be preliminary findings to
some extent. We need to identify what still needs to be done and what we want to present
as final results for phase one. We need to determine how we are going to synthesis these
results and who will be responsible for this synthesis. We need to agree on procedures for
getting these outputs. The second objective therefore is to agree on a plan of wotk for
2005, what activities still be undertaken in phase one and which activities to carry over to
the second phase.

So far we have not addressed quality aspects (or quality assurance) of our work explicitly.
We do want to make a significant contribution te the knowledge and understanding of
BGBD and the role it plays within the agro-ecosystem. This requires that we apply sound
procedures and methods of inventory and that we produce high quality outputs. As part of
that process we invited external advisers to review the work we have done and the results
we have generated so far on technical grounds and advise on opportunities for synthesis
of these results. The technical advisers are assumed to play the role as independent
observers, though some have been involved in the project already from the early stages.

Apart from a technical evaluation we want to assess and evaluate the progress made by
the project. This is an internal evaluation of the progress made in term of output generated
and outcomes achieved, as formulated in the project documents, considering factors that
determine this progress fike project implementation, project management and
organisation. The project advisory committee is the main body within the project to assist
in this task. We hope to receive valuable recommendations on the project’s strategy for
the second phase.

Last month UNEP/GEF initiated the mid-term evaluation of the project. It is an external
evaluation and the evaluators will report to the GEF council. The evaluators are Prof. Eric
Smaling, who is professor at ITC in the Netherlands, and Prof. Matecte Bekunda, who is
dean of the Faculty of Agriculture at Makerere University, Uganda. It is a coincidence
that the mid-term evaluation coincides with the first PAC meeting, but it could be to their
mutual advantage. The evaluators will evaluate the performance at the level of the global
coordinating office, the working groups and at the country programme level. The
evaluators will not be able to visit each BGBD country programme and the annual
meeting therefore provides a welcome opportunity to interact with representatives from
all the country programmes. We want to facilitate the mid-term evaluation, as this



evaluation will be to our own benefit as the mid-term evaluation aims to provide
recommendations for further operation of the project during the second phase.

There are still outstanding issues regarding project governance and operation. The most
urgent issue may be the project’s policy on data sharing and protection of intellectual
property rights. On several occasions ] have experienced hesitation within the country
teams as well as between country teams and the GCO to share and exchange data and
information. We need (o solve this issue if we want to move forward as a project.
Ownership of the data in itself is not a controversial issue, since nobody owns the data
that is being generated. The ownership lies with the institute one works for or with the
funding organisation. It is important to realize that people are not part of the project on an
individual or personal basis, but rather as staff of a collaborating institute. The “data
sharing” issue needs resolve by adopting a policy during this AM that will guide our
further actions concerning the sharing of data.

A derivative objective of the above one could be to foster as sense of belonging to the
project and a feeling of solidarity (and trust maybe) within the project. The question
should not only be “what can the project do for me”, but also “what can I do for the
project”. Meetings like these are important in that respect, and we hope you may enjoy
and have fun as well during this annual meeting.

We will further have to agree on the capacity building programme for the project for
2005, realizing that the need for training varies per country programme and also that the
capacity of the country programme to organize their own training events may differ. The
training will for the coming period still target the members of the project and we will
need to consider student training as an explicit component of the training and capacity
building programme. Gradually we will have to shift our atiention however to training
and sensijtising of farmers and other stakeholders.

Finally, this AM 05 aims to be the starting point for developing plans for the second
phase of the project. I very much advocate that country programmes develop their own
proposals, or plan of activities. The plan of activities should not be aimed to satisfy one
particular objective only, but rather a multiple of objectives. And countries may consider
putting various alternative plans forward. We need to agree at this annual meeting on how
to proceed: What will be the guidelines and procedures for the development of these
workplans, including who will be responsible for developing these proposals, vetting and
approval.

Finally concerning the programme, we need to settle many project affairs, as we have
only one annual meeting per year. Consequently the programme is very tight and we need
to be very efficient. The role of the chair of the sessions will be very important, not onty
to keep time, but also the direct and contro! the discussions. Separate sessions are
schedules for discussion and planning.

The programme

The programme is organised broadly conform the outcomes of the project and is guided
by the objectives as presented earlier. In session 2 — 7 we will present results of the
inventory and on standard methods obtained so far we and it will enable us to asses the
progress achieved. For publishing the proceedings of these sessions we rely on the
commitrnent of the project members to submit their papers. It requires that all outstanding
papers are still to be submitted.

There will be more room for discussions on the inventory and methods in session 8, the
session linked to the technical review. The discussions will be introduced by the various
invited experts. Aim of the discussion will be to identify gaps, to assess the technical
relevance of the work done, to identify opportunities and give recommendations for the
synthesis of the results, Provision is made on Friday to discuss further arrangements
especially with respect to the synthesis of the results.



Session 9, 10 and 11, deal with specific aspects of standard methods for the
characterisation and evaluation of BGBD (including a set of indicators), that have ngt
been addressed explicitly by the cumrent inventory. The topics are ecosystem services and
indicators, land use intensity (and scale aspects of BGBD) and economic evaluation.
Separate task forces are assigned to deal with these topics and they will report in those
sessions. These sessions provides a bridge to the later planning sessions, since the
activities associated with these topics are largely to be initiated still, but resulis of these
studies will feed into the planning for the second phase.

The planning sessions (sessions 13, 14 and 15) are organised by working group, assuming
that working group 1 not only will deal with the standard methods but also the inventory.
WG3 and WG4 planning sessions are combined. The aim is that these planning sessions
will result into a comprehensive plan of work for 2005 that can be table at the PSC
meeting for their approval. The sessions will deal with planning of remaining activities
for the inventory, final reporting for phase one, and planning activities in preparatory
activities for the second phase (including proposal development). After this, country
programmes will present their ideas for the second phase and we will discuss how to
maintain some coherence between the country programmes during the second phase.

The Friday and Saturday are reserved to further concretize our plans; to agree on
guidelines and procedures and to assign tasks and responsibilities such that we can
immediately proceed with the tasks ahead after the annual meeting. Already scheduled are
a session to decide on the implementation of the project database and one session to draft
a project policy on data sharing and protection of intellectual property right.

4, Progress and Achievements of the BGBD Project in 2004
Jeroen Huising

1. A short history of the project and achievements in 2002 and 2003

I want to report here only on the progress made during 2004, The presentation does not
include an introduction to the project it itself, but the report on progress may at the same
time provide introductory information on the project. More information is provided in the
annual progress report distributed to member of the PAC and members of the PSC and
available to everybody upon request. Other than in previous annual meetings the country
programmes will not present individually on their progress. Rather, that information is
incorporated in the in the annual progress report, and therefore in this presentation, in so
far that information was availed to me. The country programmes will report on progress
achieved on the inventory and standard methods through the presentation of results in
session 2 to 7, and will not be included in this presentation.

A short history of the project: The project idea was conceived around 1995 and further
developed into a proposal during 1996 and 1997. However, it was not until August 2002
that the final proposal was approved. A start-up workshop was held later that month in
Wageningen. At that time the executing agency (TSBF) was undergoing major
institutional and personnel changes. For the project at that time administrative and
institutional arrangement were still pending. MoAs with parties concemned were finalized
in December 2002 and it was only until February 2003 that all country programmes had
received their first disbursement of funds. Project staff, including the project coordinator
was recruited during 2003.

The project management and implementation structure was decided upon during the
second global workshop that took place at the end of February in Sumberjaya, Indonesia.
During that workshop we also agreed on a ‘global’ plan of work. The country
programmes had to (re)organize themselves and national planning workshop were held by
all country programmes. Start of the field work activities by September 2003, as planned,
proved not to be feasible. Questions on the sampling strategy, that was earlier agreed at



the Lampung workshop, and on methods of inventory caused delay of the start of
fieldwork. Definition of standard methods was very much hampered by problems of
communication within the project, which in itself again cab be attributed partly to the
delay in the implementation of the project structure.

2. BGBD project highlights 2004
Empbhasis of the project in 2003 has, therefore, been on selection of sampling windows
and definition of standard methods. The annual meeting 2004 was held in Embu, Kenya,
B from February 23-29. It was more of an
internal affair, compared to previous
global workshops. It was time to organise
ourselves; investigated the causes of the
delay that had occurred so far and to move
one.

Figure 1 Views on Mt. Kenya from the
venue of the annual meeting 2003

We agreed on the extension of phase 1 to
June 20035, implying revision of the
budget and adjustment of the plan of
work. Country Programmes submitted their revised budgets quite late, some even only
towards the end of the year, which had consequences for the release of funds to the

country programmes.

During the annual meeting the first newsletter and project brochure were presented. More
important was the agreement that was reached on the standard methods for the inventory
and decision on the functional groups of soil organisms to be addressed by each of the
country programmes. This was a breakthrough since the standard methods had been an
obstacle to the start of the field work. It was clear that the emphasis in 2004 would be on
the inventory; carrying out the fieldwork and getting preliminary results to check whether
we were on the right track. Some country had by that time already made considerable
progress, especially by Brazil, Mexico and Indonesia, with the Mexican programme being
able to present the very first preliminary results by the end of June. During the annual
meeting we also agreed on a priority list for the training and capacity building
programme.

3. Project implementation; Staffing levels

By that time the implementation of the project structure should have been completed. The
figure below indicates the staffing of the project. It is based on data from October 2004
for most of the country programmes, for others we have more recent information.

Figure 2 Number of scientific staff in
each of the BGBD country
programmes

Number of scientific staff

Currently there are in total 194 people
directly involved in the project as
scientific staff, of which 188 in the
combined country programmes and 6
are involved in global coordination.
Most are involved in the project on
part-time bases. The figures do not
include technicians or administrative

_ > @ @ - > .
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national or global level), the project <
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steering committee outside the country programme conveners, or (external) technical
advisers.

The large differences between country programmes in the level of staffing is striking,
reflecting the difference in capacity between the country programmes. Reasons and
possible implications will be discussed elsewhere.

4. Achievement with respect to outcome one: Standard methods
Progress is reported per project outcome as defined in the project document and against
project milestones and outputs as specifted in the monitoring and evaluation document.

Standard methods for the inventory (outcome 1 of the project) were agreed at the Embu
annual meeting of February 2004. This included protocols for sampling at each sample
point (a shown to the left). The methods were distnbuted on a CD. A few copies are being
distributed still at this meeting, for internal use only and not for further distribution. The
milestone “methods selected” (see M&E document) is
therefore completed

@

B8 Proposed methods are implementing by each of the
country programmes, and thus tested. However,

!

== methods and protocols have not been implemented in

the same way for all functional groups and by each
country programmes. This may relate to the sampling
8 moures strategy as well as to protocols for sampie collection,
isolation and identification. This will be further
discussed during the session on standard methods.
Deviation from the standard proposed methods may be
conceived as an experiment, and will allow comparing
between alternative methods.

Figure 3 Scheme for collection of samples at each
sampling point as agreed at Embu, February 2004.

Brazil Some countries purposefully experimented with methods for inventory. This
may refer for example to adding additional monoliths for sampling of

CDI v earthworms or to sampling across the various seasons rather then for one point

Tolia 7 in time. We need to mention the Ivorian, Mexican and Indian team in this
respect. We hope the results will prove valuable in defining the standard

Indo methods.

Kenya A manual for the ‘final” standard methods is still foreseen. Protocols and
guidelines for doing such should be agreed during this antual meeting. The

Mexico | v/ milestone “Methods tested” is considered to be compieted, whereas the output
“methods documented™ is partly realized.

Uganda

Implementation of the methods has been reviewed by the project coordinator

and convener of the working group 1 during visits to the country programmes. Also the
training events have proven to provide a very valuable opportunity to discuss standard
methods. Further details on the standard methods will be provided in the special session
later during the programme.

The fixed grid as proposed sampling method for inventory of BGBD at plot and
landscape level will be addressed as a separate case study. Simoneta Negrete from the
Mexican BGBD programme was commissioned to develop a proposal for such a study
(looking at spatial distribution and scale aspects of BGBD) and will discuss this later
during the annual meeting.

10



The indicators of loss of BGBD (that is part of the output for outcome 1) will be looked
into partly based on the results of the inventory. However, as early as 2003 we held a
training course on molecular techniques that may possibly be used to assess and monitor
BGBD. Indonesia has included the testing of (biological) indicators in their plan for work
for 2005. Discussions have meanwhile started on the measurement of parameters in
relation to ecosystem services, as a function of BGBD. The task force will report in
session 9.

5 Outcome 2a - Inventory of BGBD: progress made

At Embu we also decided on functional groups that are mandatory for the inventory of
BGBD and those FG that are optional. The mandatory ones are the LNB, AMF,
Nematodes (parasitic and free living), macrofauna and phytopathogenic fungi. In one
country only they will also inventory the entomo-pathogenic fungi and nematodes, as an
example of an optional functional group. Results on the inventory for each of these FG
will be presented in the following sessions.

Figure 4 Matrix Country|BRL [CDI [INDI [INDO |KEN |MEX [UGA
mdlcc_mng the Functional Group
Jfunctional groups
addresses by each gume Nodulating Bacterial Y | Y | Y Y Y Y Y
of the country (LNB)
programmes |Arbuscular Mycorrhizal Y |Y|Y Y Y| Y]Y
Fungi (AMF)
Nematodes (parasitic and Y | Y] Y Y Y)Y |Y
free living)
Mesofauna (Collembolaand| Y | Y | Y Y Y |YIN| Y
IAcari)
Macrofauna (Ants, Beetles, | Y | Y | Y Y Y Y Y
Termites and Eanthworms)
Phyto-pathogenic fungi Y |Y|Y Y Y [Y]Y
(Phythinm, Fusarium,
Rhizoctonia)
Plant pests (white grubs- Y [N|]Y Y Y| N]Y
fruit flies)
Ectomycorrhizac* NIN|Y Y Y| N ?
Iﬁntomopathogenic Y |NJN N N|N]J|N
ematodes and Fungi
Saprophytic fungi N|NJ]N N Y ? N

Outcome 2a refers to the inventory of BGBD, which includes components like site
charactensation and land use inventory. As details on the inventory of BGBD will be
presented in session 2 -7, I think is fair to say that sample collection has been completed,
mcluding the sample collection for soil analyses, and the land use survey. Inventory of a
few specific functional groups or surveys still pending in some countries: e.g. fruit flies in
Indonesia, socio-economic baseline survey in Kenya and meso-fauna in Mexico for
example.

1"



v (100) Table 2. Number of sample points completed by each country

programme for each benchmark site. (Note India has two sites in the
v (40) (=) Nilgiri Benchamrk area)

O O

O WO Figure 5. Boxes of vials to

keep termite and ants
v (60) |V (40) specimen collected from the

7 (100 semi-quantitative rransect in
( )I Cote d'Ivoire

A (100)|(—)

Preliminary results were presented by all country programmes, with India closing the line
in December 2004. Laboratory and greenhouse activities (for trapping, culturing, isolation
and identification) are continuing in many countries still. One has to appreciate the
enormous amount of work involved with the inventory of these different functional
groups of soil biota, including the taxonomy.

What may deserve some further attention is the variation in the number of points sampled
and the distribution of sampling points within the benchmark area, considering that the
environmental conditions within the benchmark area may vary considerably.

Another output defined for outcome 2a is the mapping and description of the benchmark
area, and that should include the socio-economic survey.

Geographical data is available and has been collected for most benchmark areas, except
maybe for the benchmark areas in India. Land use mapping has been undertaken by all
country programmes. Individual land use maps may be available for particular benchmark
areas, like for the Brazilian BA illustrated here. However it has not resulted in a
comprehensive description for any of the benchmark areas in 2004, or some kind of
uniform presentation of the benchmark areas on the project’s WEB site. More recently
considerable progress has been made though.

Brazil

Table 3. Countries that are carrying out case studies on economic evaluation. The

CDI

African BGBD countries are included in a study by Danso, who is commissioned to
look at the economic benefits from the symbiofic relation ship between promiscuous

|India

soybean and LNB.

lIndo

N S\ o

As far as the economic valuation is concerned, case studies on the thizobium

[Kenya

inoculation technique and on national programmes to develop these techniques are
initiated by the Indonesian and Indian country programmes. We also commissioned

Mexico

an external expert to look at the (possible) economic benefits derived for symbiosis

[Uganda

of promiscuous soybean with bradyrhizobium strains that is relevant especially for
the African situation. All studies are in a preliminary stage.

6. Progress made with respect to the project information exchange network
and database

Qutcome 2b concerns a “global” information exchange network. A very first prototype of
the database was developed by June 2004 and subsequently discussed with a number of
BGBD country teams to further concretize the purpose, function and content of the
database. The prototype has evolved accordingly. The next stage and challenge will be the
actual implementation of the database by the country programmes.
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The first newsletter of the project was presented during the annual meeting 2004 and the
project brochure was already printed the month before, in January. A second newsletter is
still foreseen before the end of phase one.

Figure 6. The logos of the BGBD project

and of the Brazilian BGBD country v
programme BIOSBRASIL @

. s . i \ —~o7
The project’s WEB site (www.bgbd.net) \ /

. : —

::?: ;it:thhegh;n ﬁéﬁ?}gﬁﬁ? z‘?ﬁ:;:? Conservation and Sustainable Mana éemem of
serve, an electronic discussion forum, a Below Ground Bio lver5|ty
database facility intended to register the experts in the project and their expertise. The
main purpose of the WEB site, however,
is to provide information about the -
project and its products, announce events
and to keep documents mostly for internal gc’aggmf
consultation. The list-serve aims to ,
facilitate the communication across and
within country programmes which has
been a problem in the project.

The WEB site is being updated constantly and evolving further. The focus for 2005 will
be on stimulate the effective use of the facilities provided on the WEB site and to develop
it into an effective tool for disseminating information to third parties as well as project
participants. The Brazilian country programme has launched her own WEB site:
“BiosBrazil”. The site is in Portuguese. We will stimulate also the other country
programmes to establish their own WEB site, as an effective means of providing
information on the project in different languages. The Indonesian country programme has
announced her intent to establish a WEB already.

7. Awareness and sensitisation

Raising awareness is part of the activities of working group 3 and 4 and contributes to the
outcome 4 for of the project; policy recommendation and alternative land use scenarios.
Where most of the activities for outcome 3 an 4 and schedules for the second phase, quite
some work ahs been done during phase one on awareness raising and sensitization of
farmer communities. We name the following:

e International press conference in London announcing the BGBD initiative in
November 2002

s Press coverage of annual meeting at Lampung (2003) and Embu (2004)

» Stakeholders meetings: BGBD Mexico presentation of the BGBD programme to
stakeholders at the benchmark site (covered on television) and more recently the
Kenyan stakeholder meeting.

e Official Launch of the BGBD programme Kenya, with invited ministers and
covered on prime time news.

e Representation of the BGBD project on various intemational conferences in 2004
(e.g. XIVth CISZ, Rouen; ISCO Brisbane; ISME Cancun; Ecoagriculture,
Nairobi)

* National and local coverage of the national BGBD programmes (national and

local press, newsletters, interviews for journals, papers presented at conferences
and workshops)

» BGBD Kenya: MSc in political sciences
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Sensitization workshops for farmer communities have been held in most BGBD
countries.

8. Project outputs generated

In 2004 the BGBD reviews of Kenya and Indonesia were published. Erlier on Mexico had
already published their BGBD review and the Indian BGBD will be presented during this
annual meeting. The Brazilian BGBD review is ready to be sent to the publisher.

iBrazil - Table 4. Country programmes
that have published their
|CDI BGBD reviews. At this annual
Tia ~ meeting the Indian BGBD
[[n review was presented and the
Edo v Brazilian BGBD review has
been sent to the publisher.
!Kenya v
Mexico | v/
ganda

The current status of the BGBD review from the Ivorian BGBD programme is not very
clear. The manuscript has been reviewed twice by the editor which suggests that the
document is nearly complete. The Ugandan team presented a detailed content of their
BGBD review, but status of the chapters is not very clear.

9. Progress and achievements on capacity building (Outcome 5)
Up to April 2005, five international training courses have been organized as listed below,
of which two were conducted in 2004 with a total of 44 participants.

e Molecular techriques (T-RFLP), 2003

¢ KEcology and taxonomy of earthworms, 2004

» Ecology and taxonomy of nematodes, 2004

e Ecology and taxonomy of termites and ants, 2005

¢ Training workshop on AM Fungi and Ectomycorrhiza, 2005

In national or regional training workshops in total 38 persons were trained in 2004,
distributed over the country teams as indicated

Brazi below. In total 82 persons were trained in short

courses during 2004. Training courses have been on

e various topics, e.g. soil ecology, termites,

mesofauna {(collembola), mycorrhiza, GIS, rapid

i assessment of biodiversity, et

mdo

Konva

\mmi .

Uganda 10

Figure 7. Particpants’ number in short term
training courses per country programme
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Currently around 120
students are involved in
total with the BGBD
country programmes and
we have currently one
Kenyan student and 3
foreign students at the
global office. Again the
difference in number of
students between
country teas is striking.
But it is not the place to
discuss it here.

India

;é

Céte d’Ivoire
Indonesia
Kenyva
Mexico
Uganda

10. Project management challenges

Communication between country programmes (and GCO) and within country
programmes has been identified by all programmes as a problem. This problem has
technical and managerial dimensions. We have many partners in the project, people are
very dispersed (globally and within the countries) and therefore communication is mostly
done by email. The solution would be to meet more often, but that would have severe cost
implications

The lack of response to email communication from GCO or working groups seems to
indicate that ownership of the project by its members mat be a problem. The question is
whether the national programmes consider themselves as part and parcel of the ‘Global”
project and even whether individual member from the different institutes feel part of the
national team. We also see that the personal involvement may differ considerably.
Cultural differences play a role as well.

As for the organizational structure the functioning of the working groups and task forces
and project management unit is a concern, which may be partly rclated to staffing. Also,
many instituttons are mvolved in the BGBD country programmes which complicate
implementation of a project management structure. Furthermore the remote location of
the benchmark areas causes logistic problems in many countries.

Further mention needs to be made especially on the difference between countries in the
available resources and capacity. In future more explicit account has to be taken of the
available capacity in defining the country programme of work. The varying size of the
country programmes (staff) is an expression of this and it also reflect on the difference in
access to co-financing resources between the country programmes.

11. Scientific and Developmental challenges

To conclude I want just to indicate the stiff scientific and developmental challenges the
project faces. A wide range of disciplines of disciplines is involved in the project.
Taxonomy for many of the groups of soil organism we are dealing with is unresolved and
sometimes many different keys may exist (or even be absent for a particular region) for
the identification of species. Then the development in molecular techniques poses a
challenge to the project as also the attraction to engage these molecular techniques is
quite strong. Finally the big challenge for this project is to link bio-diversity to function.
It requires specific research that the project may not be equipped for.

Apart from doing good research the project is challenged to translate the result from
research into practical techniques to conserve and manage BGBD for the benefit of the
farmer and rural communities. Particular problem in achieving that goal is the low
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“‘visibility’ of BGBD. Also, in mane cases effects will be visible only on the longer term.
Diversity is a difficult concept especially when applied to soil organisms and even more
5o in relation to improvement of the livelihood of people. Finally the project operates on
the divide between conservation and agricultural development; these are often conceived
as representing opposite worlds with their own interests. This antagonism may parily be

based on a construed concept but it nevertheless is difficult to reconcile both worlds.
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1. Characterization of Benchmark Sites in India

Balakrishna Gowda®, U.M. Chandrashekara®, M.P. Sujatha and R.K. Maikhur’

" University of Agricultural Sciences, Bangalore, India
? Kerala Forest Research Institute, Peechi, India
* G.B. Pant Institute of Himalayan Environment and Development, Srinagar (Garhwal), India

1. Introduction

The Indian subcontinent supports diverse flora and fauna due to its habitat diversity and is
aptly considered as one of the twelve mega-biodiversity countries of the world. Nilgin
Biosphere Reserve located in the Western Ghats and Nanda Devi Biosphere Reserve
located in the Himalayan mountain region are globally significant from the point of their
rich biological diversity and immense environmental services (Mayer et al, 2000) (Figure

1).
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Figure 1. Location of benchmatk sites and study windows in India

2. General features of the Nilgiri Biosphere Reserve

The Nilgiri Biosphere Reserve (NBR), embraces sanctuary complex of Wyanad,
Nagarhole, Bandipur and Mudumalai, the entire forested hill slopes of Nilambur, the
Upper Nilgiri plateau, Silent Valley and the Siruvani hills in the the Western Ghats
mountain region. The total area of the biosphere reserve is around 5520 km2, of which
1240 km2 constitutes the core zone. The area of the reserve covered in the State of
Karmnataka covers an area of 1506 km2 falling in Nagarahole (640 km2) and Bandipur
(866 km2) National Parks. The Kerala part of NBR covers an area of 1455 km?2 covered
in the Wayanad Wildlife Sanctuary, Silent Valley National Park, Nilambur Reserved
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Forests (RFs), New Amarambalam RFs, Attappady Valley and Muthikulam RFs. The
Nilgin Biosphere Reserve is one of the critical catchment arcas of Peninsular India.
Many of the major tributaries of the river Cauvery like the Bhavani, Moyar, Kabini and
other rivers like Chaliyar, Punampuzha, etc., have their source and catchment areas within
the reserve boundary. Many hydroelectric power projects are present in the Kundah,
Bhavani and Moyar basins. The topography of the NBR is extremely varied, ranging from
an altitude of 250 m to 2650 m. The west facing slopes of the rivers and streams drain
into the Arabian sea, while the rivers rising from the eastern slopes flow through
Tamilnadu to enter the Bay of Bengal.

3. General Features of the Nanda Devi Biosphere Reserve

On 18" January 1988, taking a cue from UNESCQ’s Man and Biosphere programme,
Nanda Devi National Park (NDNP) was given the status of Nanda Devi Biosphere
Reserve (NDBR). In 1992, NDBR got the recognition of a world Heritage Site. The
reserve is located in the northern part of the western Himalaya and covers a total area of
5861 km’ with two core zones viz. Nanda Devi National Park (625km”) and Valley of
Flowers National Park (88 km?). The buffer zone (5148.50 ki) covers part of the
districts of Chamoli, Pithoragarh and Bageshwar of Uttaranchal Stzte. Land in buffer
zone is classified as privately owned agricultural land, government owned and managed
forests viz., reserve forests, protected forests and civil forests, and community managed
panchayat forests. From geomorphologiacal point of view, the buffer zone occupies the
whole Rishi Ganga catchment, (a tributary of Dhauli Ganga) which is encircled by High
Himalayan peaks. India’s second highest peak Nanda Devi flanks in Northern part and the
reserve is source of water to the major rivers originating in the Himalaya. A total of 47
villages are situated in buffer zone of NDBR. The settlements are spread over an
altitudinal range of 2200-3600 m asl. Bhoiya tribes dominate the settlements. The cultural
landscapes are mosaics of agricultural land use dispersed as patches in the matrix of
forests all through the region.

2. Bio-Physical Characterization of Benchmarks Areas of CSM BGBD
Project in Indonesia

Afandi*, Muhajir Utomo*, and F X Susilo**
*Department of Soil Science and **Depariment of Plant Pathology, Faculty of Agriculture,
University of Lampung, Bandar Lampung, Indonesia
J1. Sumantri Brojonegoro 1, Bandar Lampung, Indonesia 35145
Tel ; 62-721-700964; e-mail : afandiunila@telkom.net

Keywords: CSM-BGBD), Lampung, tropical moist climate, Dystrudepts

Abstract

The inventory of CSM-BGBD Project in Indonesia have been conducted in two
benchmark in Sumatra Island, Lampung benchmark and Jambi benchmark, and this paper
described the Lampung benchmark. Lampung benchmark represented the area with high
population density and high pressure on natural resources in Sumatra Island. The
benchmarks covers an area of approximately 20 km x 30 km within coordinate of 4064’
S to 5010’ S and 104015° E to 104020" E. A representative sampling area in
benchmark is called a window, which sized 1.2 km x 1.2 km, was gridded with the
distance 200 m x 200 m. The soil samples have been done by stratified gridded sampling
method, and 7 land uses were found in 88 sampling points. The benchmark is situated in
Recent Volcanic Formation, consisted of andesitic to basaltic breccias, lava, and tuff, with
altitude ranged from 600 m asl to 1718 m asl. About 85% of the benchmark is hilly areas,
with slope is mostly moderately steep to abrupt (16- >45%). The climate is characterized
by the abundant rainfall (2500-2600 mm/year) moderately distributed over the vear with
wet and dry season weakly developed, with the average temperature is around 220C and



classified as tropical moist climate (Af) rainforest type. The soils is dominated by
Inceptisols, especially Vertic and Typic Dystrudepts in the great group category and
generally very deep (150 ¢cm). The soil fraction is dominated by clay, and the soil texture
is clayey with low buik soil density { T g cm-3 ) and low particle density (<2.65 g cm-
3). The angular blocky soil structure in the surface horizon showed that high intensity of
soil erosion occurred in the past. The soil organic matter was quite high in forest area
while in intensive land use was low, which indicated that the soil was degraded. The pH
is very acid with high Al-saturation; other soil fertility parameter was low, such as P,
CEC and cation bases.

- 3. Land Use History, Intensity, and Socio-economic Background of the
: ~ CSM-BGBD Sumberjaya Window, Lampung Benchmark

Rusdi Evizal', Suseno Budidarsond’, F. Emy Prasmatiwi’
1. Faculty of Agriculture, University of Lampung, Bandar Lampung, Indonesia
rusdievizal@yahoo.com
2. ICRAF-SE Asia, PO Box 151 Bogor, Indonesias.budidarsono(icgiar.org

Key words: history, land use intensity, household income

Abstract

A farmers’ household and on-farm survey was conducted in the Sumberjaya Window of
the Lampung Benchmark in 2004, to study land use history, land use intensity, and socio-
economic background using graded stratification sampling method. The opening of the
forest to establish flelds started in 1952 by West Java migrants. Now these plots are
owned the second generation of migration who opened secondary forest, shrub, or old
coffee fields in 1970-ies. Land use history (land uses followed by its age) may indicate
continuous coffee farming (such as F(?)Hc{4)Tc(14)S(3)Te(5) where F = forest, He =
horticulture-crops, Tc = tree-coffee, S = shrub) or coffee followed by crops (e.g.
8(9)Tc(16)He(4}). The land use dynamic change from shrub to coffee to crops represents a
continuous cultivation system. Land use intensity (LUI) could be quantified by
calculating the mean intensification level, production level, and system intensity scale,
using primary forest as standard. For land use type in the Sumberjaya window, the results
showed that land use intensity (LUI) of undisturbed forest (FLT) lay between Q¢ — 9.9%,
disturbed forest between 5.3 — 27.2%, shrub between 6.1 - 34.4%, monoculture coffee
(TBI) lay between 35.1 — 64.5%, LUI of shade coffee (TBLI) between 30.9 — 66.2%, LUI
of food crop (CBLI) between 55.3-63.5%, LUI vegetable (CBLI) between 66.4 — 84.7%.
Farmers growing vegetables (CBI) had the highest income compare to other farming
systems, but it is only practiced on a small scale. Income from monoculture or shaded
coffee farming systems was low and household were not food security. Coffee farming
mixed with high compatible commodities will increase farmers’ income.

_ 4.Benchmark Site Description of the Los Tuxtlas, Veracruz, Mexico

JA. Garcid'* T, Fuentes®, V. Sosal, E. Mezd', S. Negrete-}’ankeievich" I Barois’, D.
Bennack’ and P. Okoth’
! Instituto de Ecologia, A.C., Xalapa, Veracruz, México; 2 TSBF Institute of CIAT,
Nairobi, Kenia;* Red A. C.

Keywords: Benchmark site, Los Tuxtlas, Biosphere Reserve, Soil Organisms.

ABSTRACT

The Los Tuxtlas Biosphere Reserve is located in the state of Veracruz and the coastal
plains of the Guif of Mexico. The Los Tuxtlas Biosphere Reserve is characterized by the
physical, biological, and social diversity that it covers. The region of Los Tuxtlas is a
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volcanic massif dating back to the Tertiary period, lava flows, volcanic ash, and other
pyroclastics cover almost the entire area, A volcanic massif, whose principal longitudinal
axis measures 80 km, seven large and partially eroded volcanoes and 300 small volcanic
cones can be distinguished. The altitudinal range is from sea level to 1780 meters with the
San Martin Tuxtla volcano as the highest elevation. The climate of the region is hot and
sub humid on the coastal plains, and temperate and humid in the highlands.

The Los Tuxtlas reserve is one of the most threatened protected areas in Mexico. It
suffers pressure resulting from human demands on nature in the region. This has led to
continuous and rapid disappearance of habitat and natural vegetation. The principal
causes are the expansion of agricultural activities, expanded livestock production, and
population growth that places demands on the areas natural resources, It is therefore
necessary and of great importance that investigation about natural resource management
be realized in order to design action plans to combat the threats that put the integrity of
the protected area at risk.

Three windows were selected in the benchmark site in order to study of soil organisms for
their diversity and functional attributes. The three windows in Los Tuxtlas region are
associated with three communities or ‘gfidos”. They were the Adolfo Lopez Mateos
Community, the Venustiano Carranza Community and the San Fernando Community.
Adolfo Lopez Mateos is an ejido that corresponds to the “San Juan Volador” terrestrial
landscape. Venustiano Carranza is an ejido that corresponds to the “Mirador Pilapa”
terrestrial landscape and San Fermando is an ejido that corresponds to the “Buena Vista”
terrestrial landscape. The three “ejidos” present differences in cultural customs, altitude,
C concentration, C:N relationships, soil pH, soil type, mean rainfall, rain forest cover and
size, which could be important in order to explain the patterns in the $0il organism
diversity founded.

Tuxtias region and

Isabelle Barois

Abstract

BGDB project sampling sites in Mexico are located in the territory of three communities
within the buffer zone of the Biosphere Reserva of Los Tuxtlas, in the southern part of
Veracruz State, Mexico. Efforts to preserve the environment in this mega diverse area
started in the decade of 1930°s, since then the region has been object of several protection
decrees, Government institutions, NGQ's, academic centers and Foundations (national
and international)} had promoted conservation-development projects in the last two
decades. Despite these efforts this Reserve is considered critically threatened. The
environmental deterioration of Tuxtlas region as part of the destruction of tropical forest
in México, among the main causes are:

e Colonization of the tropical forest (1950-1980) as response of land
demand from rural sectors after the post revolutionary agrarian reform.

s  Government supported land use change from forest to grass and
agriculture during this period.

» Population increase in the region.

e Immigration from other parts of Mexico.

s Lack of environmental perspective in public polices.
Economic activity and popuiation

Livestock is the main economic activity in the region. Com (maize) is the major crop
grown through practicing slash and burn agriculture. Yields are generally poor (ranging
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from 300-1500 kg/hectare} due to the low fertility of the soil. Erosion and the loss of soil
are common threats for the fand. Most of the farmers own an average of 1.5 ha.

This region hosted the first civilization of Mexico and maybe in the Americas; the Olmec
culture. Cultural diversity is present with Populca and Nahua population that holds a deep
and acute knowledge of the agroforestal systems. Cultural erosion due to extreme poverty
and marginalisation is linked to adoption of external productive models and acculturation
related to migratory process.

Farmer’s economy is in the worst crisis of its long history of poverty. Actually migration
to cities and USA has blunt social impacts, such as rural population aging and
feminization

THE THREE COMMUNTIES

Land tenure at the three sites is ¢jidal, a form of collective property, were use of {and was
individual, but not the property. This form of land tenure changed in 1992, allowing
private property. This weakened the ejidal structure and its capacity to take effective
decisions to regulate communitarian life, such as access and regulation to natural
resources use. As result communitarian life at regional level is highly disorganize dew to
the weakening of the internal government structures, and the fack of new forms for public
matters regulation.

This is the case of Venustiano Carranza and San Fernando, large comrnunities where
diverse conservation-development programs and projects had operated in the last 10
vears, achieving low impacts and permanence. In both gjidos the last communitarian
forest reserves were distributed and deforested after 1992 reforms to land tenure. Lopez
Mateos is a small ejido highly organized around a communitarian conservation project;
ecotourism.

A comymon trait in the three “Ejidos™ is that the young man migrates to the north of
Mexico or the USA to get cash and sent it to their family. This migration can be for a
season or for many years.

Adolfo Lopez Mateos

After practicing slash and burn milpa for several years the ejidal general assembly of this
Mestizo (i.e., a mixed Spanish and indigenous inheritance), community decided ban
deforestation and adopted communitarian ecotourism as they key project. This decision
made of Lopez Mateos a referent to communitarian ecotourism at regional and national
level, diverse foundations, NGO's, government institutions and academic centres have
collaborated with the ejido in this project.

Typical land use trajectories in Lopez Mateos have involved the initia} clearing of
rainforest during a period of three to five years. As rainforest was eliminated, maize poly-
cultures were substituted. These poly-cultures, or milpas, included other annual crops
such as beans and squash. Following approximately three to five years of continuous
planting of milpas, the croplands were allowed to fallow. Since that time, fallowed plots
have been permitted in many cases to revert to secondary forests of varying ages. The
general consensus among local residents is that a secondary forest, upon attaining
approximately 20 years of age, is now a fully restored rainforest.

The more general trend in the Lopez Mateos area has been to convert these cleared and
briefly farmed plots to cattle pastures by relying especially upon exotic species of grass.
Some families in Lopez Mateos have implemented agro-forestry practices in their plots.
These practices have principally included the production of coffee (low quality coffee)
oranges and tangerines. Local residents perceive these activities to have little current
economic viabilify

In recent years the Mexican government has provided local residents with tree seedlings
(primarily cedar, walnut and mahogany) for reforesting and eventual selective
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commtercial extraction. The first harvest is still some years into the future such that the
activity does not yet provide an income for local residents. Because Ldpez Mateos is
located within the buffer zone of the “Zos Tuxtlas ” Biosphere Reserve {where rural
communities are legally permitted to engage in low-to-no impact economic activities),
ecotourism has been perceived as a desirable, alternative source of income.

Venustiano Carranza

Peasant farmers seeking land under the agrarian reform act were also involved in the
founding of Venustiano Carranza in 1967. The conversion of rainforests to cattle pastures
has been more extensive and pervasive though. The most common land use practice in V.
Carranza following the clearing of rainforest in the early years was the planting maize
poly-cultures (milpas). In addition to maize as the staple crop, plantings of yucca, squash,
beans, bananas were common on farm plots. The milpa was intended to meet the food
seif-sufficiency needs of individual households. However, harvests were generally only
adequate for the first few years following the initial felling of the forest. Extensive cattle
ranching was infroduced quickly into the area and accelerated rapidly, resulting in the
felling of more and more forested lands throughout the ejido. Forested tracts have become
increasingly smaller, inaccessible and fragmented. Subsistence-level hunting and fishing
by local people have since disappeared.

Many peasant families saw the production and sale of azucena bulbs (lilies) to regionat
and out-of-state intermediartes as an economically viable activity. However, bulbs and
foliage soon became infected with plant pests and pathogens, and the losses of potential
yields were (and still are) substantial. Small agroforestry plantations were started by many
property owners throughout the ejido (planting cedar and mahogany with government
support). It is noteworthy to mention that these trees are not growing satisfactorily most
probably due to poor soils (i.e., soils low in organic matter, are acid and with heavy clay
sub-soils). Since early 1990°s several projects were implemented by NGO's and
government. Such project included pisciculture, reforestation with commercial species
(cedar, mahogany), horticulture, vermicomposting, camedor palm and ixtle growing,
green manure and cover crops, etc. Nevertheless, in less of 5 years all most all this
initiatives were abandoned.

San Fernando

Since early XX century Populacas farmers practiced a productive system were shade
coffee was a key component of a traditional agro-forestery system which long contributed
to the conservation of the ecosystem. This system is threatened by the intemational crisis
of coffee prices, thus a tendency to shade coffee conversion to other land uses (pasture
mostly) or abandon is observed.

During the years of the Mexican Revolution the region of San Fernando came to be
settled by members of the Popoluca indigenous group who arrived from the lower
elevation and nearby community of Soteapan. Especially beginning in 1935, the
cultivation of “criolio” coffee (i.e., locally adapted varicties of shade-grown coffee) was
introduced into the San Fernando region.

In 1960, forested lands in the San Fernando area covered approximately 1500 hectares.
By 1990 this had been reduced by more than half, as additional lands were cleared to
meet the growing, self-sufficiency needs of rural families. Many local coffee growers
prefer to continue the traditional practice of “rustic” coffee. Rustic coffee relies upon the
use and selection of local forest trees (primarily of the genus Inga) to provide the
necessary shade cover for the proper growth, maturation, and harvesting of the coffee
plant. The activity is basically organic, requiring little-to-no external chemical inputs by
peasant farmers.

In the 1990°s decade several conservation and development initiatives were implemented
by the PSSM, a long established in the region NGO. Impact and permanence of the
projects is low, with some outstanding exceptions, like the Popolucas palm producers
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cooperative of San Femando. In 1994, the planting of “mucuna” (mucuna derengianna, a
type of leguminous, “green manure™) was introduced into the traditional “milpa” (maize
polyculture). Initially, some 25 peasant farmer families adopted this practice, but
currently only about 10 are actively engaged in this form of maize cultivation. Additional
govemment-sponsored programs of special note in San Fernando began in 1997 and
1997. These included the planting of onamenial palms (mostly “Palma Camedor™) under
remaining forest canopy (and for eventual sale to outside markets) and the reforestation of
agricultural fands with precious wood species such as red cedar (Cedrella odorata) and
mahogany (Swietenia macrophylia). In 2000, the first harvest of Palma Camedor took
place, which resulted in both local and out-of-state sales. To date, this alternative
economic activity continues to grow in strength and participation in San Fernando. Trees
planted for reforestation purposes have yet to reach harvestable maturity.

7. Social-economic Characteristics and Farmer Indicators of BGBD in
Mabira Forest Ecosystems of Uganda

Elizabeth Balirwa', Basil Mugonola® and Godfvey Byandala®
'Department of Agricuttural Economics and Agribusiness, Faculty of Agriculture,
*Department of Agricultural Economics and Agribusiness, Faculty of Agriculture,

"Department of Agricultural Extension Education , Faculty of Agriculture,

Makerere University. P.O.Box 7062 Kampala, Uganda.

Abstract

BGBD has been alleged to be increasingly reduced with increasing emphasis on
agricultural market economy and a profit maximization motive, reduced farmn size,
increased population and depressed yields have degraded all but mostly the biological
resource base. Sustainable management of agricultural resources requires knowledge of
the status of the biological resource base (BGBD), farmer indicators of the BGBD
resource, their values and activities that impact on soil biota.

This study is aimed at identifying social economic characteristics and farmer indicators of
BGBD in Mabira forest ecosystems of Uganda. Farm type categories and activities are
identified and classified to determine their impact on BGBD.

A sample of 306 farming households were randomly selected between Aug 2003 and
November 2004, from six sampling units (parishes) in Mukono district in which the forest
reserve is located. Questionnaires were administered and key informants interviewed. Six
discussion groups were held to supplement secondary data. Data was analysed by SPSS
program. Descriptive statistics included frequencies, means, while Chi-square tests
explained relationships and associations between variables.

Social economic characteristics identified were: farming as a major activity and off-farm
activities a secondary activity by 98% and 58% of respondents respectively. Agro -
forestry was practiced by 28%. Average land size was less than ha, owned by 82%, 17%
rented land for production. Almost all who owned (73%) land also kept 2-3 livestock on
average, of cattle, goats or pigs. About 70% attained primary level education,10% had no
education, while only 20% had attained secondary and high schoo! education. Average
age was 42 years and majority were youths (18-30 years).Houschold size was on average
6 people and the majority (74%) married and heavily relied on (97%) family tabour for
agricultural production. These socio-economic characteristics affected BGBD variously.

Land was owned and controiled by very few people who were mostly elderly landlords of
above 60years of age. These often decided on how long a household could use land and
preferred perennial crops on their land. Tree crops, perennials and agro-forestry were
often discouraged.

Seven farm categories were identified basing on land under production, activity, level of
commercialization and management practice. They included typical subsistence
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production, market oriented farms, Sugar-cane estates, Tea plantations, Out- growers of
Sugar-cane and Tea, Privately owned forests and the Government (strict nature) forest
reserve.

Correlation results showed a strong association between land ownership and agro-
forestry, land size and fallowing, production land use of organic manure. Each association
registered a P<0.01 level of significance. Investment in long term SWC technologies was
positively associated with household size (labour), famming experience and education
level. The level of significance between them was p<0.01, P<0.046 and P< 0.05
respectively. Pest and disease prevalence was reported by 60% of farms that practiced
mono-cropping (e.g. maize, coffee) and it was also prevalent by 40% on farms that crop
rotated and had fallows. Almost all (>90%) farms typical of subsistence production
reported increased pest and disease incidences.

Over 90% of respondents believed that soil was a living thing.50% said that this was
evidenced by the living organisms that lived underground, 50% based their reasoning on
crop vigour and high yields. Indicators of BGBD by farmers included low crop yields,
increased pest and disease incidence, presence of certain soil organisms (e.g. earthworms,
chaufergrabs etc) which were said to aid in decomposition, improve soil agration, water
penetration and this enhanced soil health/BGBD. Various types of ants and termites were
notoriously destructive to crops, however somehow enhanced soil health and BGBD
through crop residue breakdown. Mole rats, millipedes, centipedes among others were
reported destructive, however believed to enhance soil aeration and water penetration
through tunnelling. Specific local weeds were indicators of soil salinity, acidity and soil
fertility,

The majonty (92%) said forest ecosystems must be conserved because of their economic
benefits which were in terms of functions/activity and included temperature regulation
and rainfall by 98%; rainfall, firewood and bwilding materials(poles) by 89%, temperature
regulation, rainfall and food provision (fruits) 72%; provision of mushrooms, ants, vines
firewood and papyrus (25%}; and medicinal plants and firewood (22%); soil formation
and decomposition (56%).

Possible causes of BGBD loss identified by farmers were :repeated use of smallholdings
with minimal or no rest period, lack of control of land resources, inability to invest in
long term SWC technologies which are both costly and labour demanding, use of slash
and burn practice for land preparation, over-use and misuse of agro-chemicals and
chemical fertilizers and replacement /abandonment of traditional crops/cultivars in
preference for a few cash crops for the market.

Based on the above preliminary results, the study recommended the following:

1. Further and detailed investigation of BGBD and use of advanced
techniques for analysis of BGBD soc-econ data.

2. Putting in place a monitoring system for economic evaluation of BGBD
for at least 30 years when soil regeneration is expected, and periodic
monitoring and economic valuation thereafter by soc-econ teams in each
country.

3. Training of economists on standard valuation methods of soil biota and
additional Msc. And PhD training in the soc-econ area.

4. Including at least one ecosystem service function specialist (ecologist) in
each country who will work closely with the economists.

5. Establishment of valuable BGBD demonstration sites in each country.

6. Encourage establishment of competitive specialized markets for agro-
chemical and chemical fertilizer free products.






8. CHARACTERIZATION OF LAND USE TYPES IN MABIRA FOREST
ECOSYSTEM, UGANDA
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Abstract

A study was carried out to characterize land use types in Mabira Tropical High Forest
Ecosystem in Uganda. The land use characterization focused on the identification and
description of land use types in the benchmark area and characterization of soil
physiochemical parameters. This study provided background information for the
interpretation of the diversity and abundance of below-ground biodiversity under the
study in the area.

Six study sites (windows) each measuring | km x Tkm were established within the
benchmark area and within each window sixteen sampling points were marked in a 200m
grid pattern using GPS giving a toial of 96 points. At each sample point four soil samples
were taken at depths 0 —~10cm, 0-20c¢m and 20 — 30cm using seil auger for physical and
chemical analysis. Litter was sampled and soils sample taken for bulk density using tube
core method and soil profiles were studied at selected representative sample sites.
Vegetation and tand vse types were identified and classified. Soils and litter samples were
taken to laboratory at Makerere University and analyzed using standard methods for pH,
total organic carbon, total nitrogen, potassium, phosphorous, calcium, magnesium and
iron. Bulk density and soil texture were also determined. Soil data were analyzed using
excel and SAS 2005 software for analyses of trends and relationships between the
parameters.

Nine land use types were identified based on the distribution of the 96 sampling points.
These included undisturbed forest, low disturbance forest zone, disturbed (secondary
forest), grassland, fallow area, agroforestry, multiple cropping, tea plantation and
sugarcane plantation in increasing order of magnitude of disturbance. Grassland and
fallow areas are subjected to constant grazing by domestic animals. Agroforestry land use
in the area is generally poorly managed. Multiple cropping consists of a combination of
variety of annual and perennial crops mainly bananas, coffee, beans, maize, peas and
cassava. There is no clear crop rotation pattern. Combination of annual crops on any plot
tends to vary from season to season and from plot to plot within the land use type. There
in no mechanization, use of fertilizer or irrigation in this land use type. Tea plantation is
characterized by high inputs such as use of fertilizers and herbicide and intensive labor.
The sugar cane plantation is very intensively used with heavy application of fertilizers
such as urea and organic fertilizers from sugar cane processing residues.

There are significant differences in mean nutrient values between the land use types.
Mean values for total organic carbon, total nitrogen, sodium, calcium and pH are highest
in sugar cane plantation and significantly different from values in other land use types as
indicted by Duncan’s Multiple Range Test. In (ea plantation mean nutrient values for total
organic carbon, nitrogen, sodium, calcium, magnesium, potassium and pH are the lowest
compared to other land uses. The values are significantly different from values from other
land use types. Grassland also show very low level of the above soil nutrients and the
mean values are significantly different from those of other land use types. Variations
between the remaining windows are low.

Variations in nutrient levels between windows are also evident. Window six in which
most of the points fel! in sugar cane plantations has high mean values for total organic
carbon, total nitrogen, sodium and pH and the values are significantly different from
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values fro other windows. Window four where most of the points fell in agroforestryb and
grassland respectively registered low mean nutrients values for all the above soil
nutrients. Except for window six there is little difference between the windows in terms of
rrean nuirient level, This is largely because windows contain many land use types which
are repeated in other land use types. Except for total organic carbon and pH there is no
significant difference in soil nutrient levels with soil depths.

Analysis of correlation between soil nutrients shows weak and strong correlations
between the variables. Strong positive correlations were observed between organic carbon
and total nitrogen (0.63), pH (0.5) and magnesium (0.5). Strong positive correlation also
exists between total nitrogen and pH (0.5), sodium (0.55) and magnesium (0.81 Weak
negative correlation was observed between and all other nutrients. Calcium also shows
weak negative correlation with organic carbon, total nitrogen, pH potassium and sodium

This study shows that differcnces in land use affects nutrient levels in the soil. Although
land use intensification was not used there is apparent indication that the amount of some
soil nutrients tends to increase with increase in land use intensity while some decrease
with increase in land use intensity. There are some strong correlations between s0il
nutrients. This could be an important factor in soil fertility assessment. [t may also have
important role in influencing the diversity and abundance of some soil biodiversity.

9. Land Use Land Cover Mapping of the Benjamin Constant Benchmark
Area, Brazil, using High Resolution Images

FElaine Cristina Cardoso Fidalgo (1), Mauricio Rizzato Coelho (1}, Fdfima M. S.
Moreira (2), Fabiano de Oliveira Araiijo (1), Humberio Gongalves dos Santos (1),
Maria de Lourdes Mendonga S. Brefin (1)

Y Embrapa Solos, ® Universidade Federal de Lavras

Abstract

The present work was performed with the objective of identifying land use land cover and
its spatial distribution at the six sample windows, and fo get information about land use
history at the sample points aiming to identify the intensity of land use.

Multispectral images of the Ikonos satellite, with 4 meters resolution, were used do map
land use land cover at the six windows sample. To characterize land use at the sample
points field work was done in order to get GPS coordinates for the points, and
information about field plot (size, location — center or edge — type of edge, and so on),
cultural practices, and history of use,

The selected 101 sample points (in total) are representatives of the main land uses of the
region, being 20 in forest, 10 in old secondary forest, 30 in young secondary forest, 10 in
agro-forestry, 18 in crop (annual or semi-perennial), and 13 in pasture.

Agriculture is most frequently developed under shifting cultivation, in small plots (less
than 1 hectare). The main crops are banana and cassava, often cultivated simultaneously.
In the agro-forestry system, also practiced in small plots, fruit trees are mainly cultivated.
In both cases, the cultural practices are very similar, no agrochemicals are used, and
clearing and weeding are made manually.

The pasture, where 13 points were located, has an area of 3.5 square kilometres. In this
area, no agrochemicals are also used, and land preparation and weeding are made
manually.

To proceed with this work, the data collected in the field will be analyzed, aiming to
identify different land use intensities.
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Abstract

A prior condition to select and establish research areas is the precise knowledge of soil
properties and soil distribution in the landscape. This may only be obtained with the
detailed observation of the soils through soil surveys. The present work is a report of the
sotls of upland areas identified in the soil survey of six (6) pilot areas selected in
Benjamin Constant County, Amazon State. It is part of a larger project, whose objective is
to improve the perception, the knowledge and the understanding of the Amazon soils
biodiversity.

With a total area of approximately 54 hectares, the 6 pilot areas are sparsely distributed in
Benjamin Constant County, between the geographical coordinates (UTM) 9,514,396 and
9,514,076 m of south latitude and 386,922 and 387,327 m of longitude west. The selected
areas are inserted in Solimes Formation’s geological compartment, characterized by
alluvial and lacustrine sediments of the tertiary age (red and gray claystones, siltstones
and sandstones, with shells and lignite layers). The relief varies from level in the tops of
small hills and in alluvial plains, to undulating and strongly undulating in other positions
of the landscape. The predominant climatic type 1s Af, according to the classification of
Ké&ppen, with temperature and yearly average rainfali of respectively, 25.7°C and 2,562
mro. Soils of Inceptsols (Typic Dystrudepts) classes prevail in the study area. Relief
variations, profiles internal drainage, texture and intimate associations with other soil
classes (Aquents predominantly) were the main approaches used for distinction of the
different classes of Inceptsols identified by the soil survey accomplished in the pilot
areas. Usually, that soils are shallow and well structured (Bi horizon with sirongly
developed structure), with subsoil (C horizon) at a few meters depth (70 cm on the
average). The subsoil either shows several colors (variegated colors) or total white colors,
inherited from the parent material.

Chemically, these soils present high and abnormal extractable aluminum contents, with
values varying from 1.4 to 9.6 crnol/kg of soil in surface and of 4.7 to 15.3 emol/kg of
soil in depth. Recent works have questioned the inefficiency of the extraction method
(KCI 1M) for simijar soils studied in other areas. Consequently, extractable aluminum
contents in upland Inceptsols of Benjamin Constant may not be correlated with contents
of the active aluminum in the soil solution under natural conditions and, therefore, with
its toxicity.

Within the peculiarities in relation to the physical conditions of the studied Inceptsols,
stand out the high silt content and the soil microporosity (75% of the total porosity) and
the much lower amount of available water for plants. This high silt contents and presence
of phylosilicates 2:1 (smectite and smectite with inlerlayered Al-OH) put in evidence the
less pedological development in relation to the great majority of the soils previously
described and mapped in the Amazon basin, which greatly influence their morphological,
chemical, physical, hydrological and biological propertics, as well as their behavior in
response to the different uses and management practices. Due to peculiarities of such
soils, little known in Brazil, studies are necessary for befter understanding of their
physical-chemical processes as well as their behavior in relation the several uses and
management practices, aiming to search which procedures are best suitable for their best
sustainable uses and management practices. Such procedures require a precise knowledge
of soil properties and their geographical distribution in the landscape.
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11. Floristic Inventory of the Benjamin Constant Study Area (AM, Brazil)
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ABSTRACT

O Inventario Floristico teve como objetivo avaliar o impacto do uso do solo para fins
agricolas sobre a biodiversidade do solo tendo-se como pressuposto ser a vegetagdo
superfictal uma indicadora do funcionamento do sistema come todo. Foi utilizado o
método de estimativa floristica, diversidade e riqueza de espécies e similaridade entre as
areas afins. Na coleta de dados no campo adotou-se a metodologia padrio preconizada
para esses estudos. Para obter-se 0 maximo de informagdes botinicas de cada ponto,
estabeleceu-se, no caso de Floresta Priméria, Capoeira "antiga™ (mais de 10 anos) e
Sitios, parcelas de 400m?, fazendo coincidir o seu centro geogrifico com o respectivo
ponto de amostragem. As parcelas foram sub divididas em 4 porgdes de 5 x 20 m dentro
das quais quantificou-se todos individuos, discriminando-se as categorias de arboreos,
paimeiras, herbaceas e lianas com DAP > 5 cm, sendo os individuos abaixo desse DAP
levantados em sub-subparcelas de 2 X 2 m, localizadas na extremidade de cada parcela
de 5 x 20 m. Para classificagfio da vegetacio em categoria de tamanho adotou-se uma
metodologia, geralmente adotada para estimar regenerago florestal, que consta do
seguinte critério: Classe I — individues com altura < 50 cm; Classe H — individuos com
alturas > 50 em < 1,5 m; Classe III - individuos com altura > 1,5 m < 3,0 m; Classe
1V - individuos com altura > 3,6 m e DAP <5 em, estando incluidos arvores,
palmeiras, herbaceas e lianas. A coleta de dados em Rogas e Capoeira “recentes™ foram
obtidas em parcelas 100 m? divididas em 4 sub-parcelas 2,5 x 10 m, mensurando-se todos
os individuos com DAP > 5 cm e, também, sub-subparcelas de 1x | m para mensurar os
individuos abaixo de 5 cm de DAP. Nas arcas de Pastagem utilizou-se 05 mesmos
critérios de tamanho dos individuos, mas neste caso, adotou-se parcelas de 5 x 5 m, sub-
divididas em 4 por¢Ses de 1,25 x 5 m onde foram mensurados todos os individuos com
DAP > 5 cm e sub-subparcelas de [x 1 m para mensurar os individuos abaixo de 5 cm de
DAP. Simultaneamente fez- se coleta botfinica dos espécimes para identificagfio das
espécies para se estimar os pardmetros de densidade, dominfincia e frequencia; a
diversidade e riqueza das espécies usando metodologia classica de fitossociologia, assim
como, estudos de similaridade entre parcelas afins. Até a presente data terminamos a
coleta de campo e estamos realizando com o apoto do Herbario do [INPA a identificagdo
do material trazido 2 Manaus. As estatisticas de ocorréncia de individuos com DAP > 5
cm dos dados preliminares mostram que na Janela 1 - Floresta (Guanabara 11} o registrado
de 912 individuos; na Janela 2 Capoeira, Roga e Sifio (Guanabara 1) 645 individuos; na
Janela 3 Capoeira, Roga e Sitio (Nova Alianga) 232 individuos; na Janela 4 Capoeira,
Roga e Sitio (Nova Alianga) 316 individuos; na Janela 5 Capoeira, Roga e Sitio (Nova
Alianga) 385 individuos e na Janela 6 Pastagem e Capoeira 129 individuos. O ndmero de
parcelas amostras por componente do sistemna foram: Capoeira de Estadio Avangado 12;
Capoeira em Estadio Inicial 24; Floresta 16; Sitio 14; Roga 22 e Pastagem 13, totalizando
101 parcelas amostradas. Os resultados preliminares mais importantes referem-se ao
descobrimento, muito provavel, de duas novas Sterculia sp — Sterculiaceae e Drymonia sp
— Gesneriaceae e um registro inédito de ocorréncia, para o Estado do Amazonas, da
espéeie Marila tormentosa Poepp. & Endl.
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12. Land-use mapping and typology in Oumé benchmark site (Centre-West
Coéte d’lvoire)
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Abstract
The role of remote sensing in biodiversity assessment at landscape level is of paramount

importance, This study was carried out in the Centre-West region of Cote d’Ivoire
specifically, in the areas of semi-deciduous forest. It aims at identifying and mapping
within the benchmark area, a representative range of land-use systems. The
methodological approaches consisted in: (1) site selection, (2) allocation of sampling
point within the grid (3) exhaustive land-use systems mapping. As results, 128 points
were allocated in a mosaic of land use covering 4 km2. Ten land-use types were identified
in the grid: primary forest (15.9%), secondary forest (24.1%), multi-specific planted trees
(22.9%), 20 year-old (4.4%), 10 year-old {5.2%), 4 year old {9.1%) teak trees, coffee
plantation {(0.1%), cocoa plantation (3.6%), recurrent fallows (5.9%), old fallows (4.7%)
and mixed crop fields (3,9%). Combining socio-economic and agro-ecological data
allowed defining a land-use index (LUI). According to this index, land-use types were
ranked from less used (primary forest: 0) to most used (mixed crop fields: 0.38).

13. Demographic and socio-economical characterisation of the Oumé
benchmark area (Centre-West Cote-d'lvoire)

OGNIK. B! IBO F, AGNISSAN A A’
'UFR SHS BP V 34 Abidjan Université de Cocody Abidjan Email : agnissane @ yahoo.fr; *"UFR
SGE 02 BP 801 Abidjan 02 Université d’ Abobo-Adjamé.

Keywords: Agricultural practices, biodiversity, land tenure, local kmowledge.

Abstract

The Oumé Region is an active zone of plantation economy (coffee, cocoa) and a strong
migration area. These two phenomena are the majer driving forces of high human
activities and a decline in soil fertility and agricultural outputs. This constitutes a real
threat to biological diversity. To remedy to this ecological problem, through sustainable
agricultural management, requires a diagnostic survey based on site characterizations.
The survey area covered 3 localities (Goulikao, Djekoffikro, Mafia) selected according to
land use patterns within a grid system. Quantitative and qualitative approaches as wel! as
four means of data acquisition (documentation, questionnaire, group meeting,
observations or site visits) were used. Three main stakcholders were identified, namely
SODEFOR (State Forest Management Agency), ANADER (National Agricultural
Extension Agency) and farmers of various social and ethnic backgrounds. On a
demographic level, the population is characterized by a high density (58 inhabitants/km?,
against 48 at national level) and composed of natives, allochtones and foreigners.
Farming systems started with food crops which are gradually substituted to perennial
crops using extensive techniques. Finally, on social point of view, there was strong
implication of community-based organizations (iribes, lineages), as welt as modemn
structures (cooperatives, associations, mutual, political parties) in management. Local
knowledge of natural resources showed that indigenous people devised their own soil
nomenclature and so0il organism identification criteria.
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14. Morphological and physical characteristics of soils along a gradient of
land use intensity in Centre-West Céte-d’lvoire
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Keywords: Céte d'lvoire, land-use types, Oxisols, soil compaction, soil morphology,
water infiltration.

Abstract

Soil morphological, chemical and physical characteristics are of paramount importance in
root development and plant growth. In order to assess the relationships between soils
parameters and land use type and intensification, soil profiles were dug across the
landscape varying from forest to croptand in a Centre-western Region of Cote d’Ivoire.
Some physical characteristics such as water infiltration, soil compaction were also
measured in the field. The morphological characterisations revealed that the soils of the
area are oxisols of homogeneous distribution across the landscape, with however,
differences observed along a transect starting from hilltop to botiom slopes. Generally,
soils from the hilltops are of redder hue (2.5 YR to 5YR). Surface organic layer is thin
(20-30 cm) and friable (resistance to penetration varies between 200-1000 Kpa) and well
mineralised. frons concretions and layering (ironpan) are also frequent within 60-100 cm
depth, leading to an important compaction with depth (1000-5000 KPa). This decreases to
bottom slopes, where soils are usually sandy, with a layer of quartz gravels (10-20 cm
thick) at 60 to 100 cm depths. Rates of water infiltration within profiles follow the same
trend. The values were 7-1 cm mn’™', higher in hilltops 5-0.5 em mn™, 3-0.2 cm mn™* for
hilltops, mi-slopes, and bottom slopes, respectively. For all soil parameters measured, it
was found that the physiographic position of the profile in the landscape was more
important than land use types in determining soil distribution and morphological, as well
as the physical characteristics.

15. Impact of Human Activities on Floral Diversity in the Oumé Region
(Centre-West Cote d’'ivoire)

N'GUESSAN K. E; AKE-ASSI L., KOUASSI K. E; ASSTY. J; SAGNE C.
Centre National de Floristique UFR Biosciences, 22 BP 582 Abidjan 22, k_nguessan@yahoo.fr

Keywords : Agro-ecological unit, Céte d'Ivoire, diversity index, flora.

Abstract
The study site is located in Oumé (Centre-West Cote d’Ivoire) with a mosaic of land uses

materialised by a grid system of 4 km?. This work aimed at assessing the impact of
different uses on flora diversity. All plants species encountered at each sampling point
were identified and recorded. The identifications revealed a flora rich of 471 plant species
distributed over 312 genera and 72 families. Among these species, one endemic of Cote
d'Ivoire and 15 rare and threatened of extinction have been determined. The 3 species
most frequently observed over the entire site are Chromolaena odorata (86.72 %)
Motandra guineensis (65.42 %) and Paquertina nigrescens. (65.42 %). The Rubiaceae and
the Poaceae, with 6 and 5%, respectively of the species identified, are the most important
families in terms of number. The analysis showed that the generic diversity index of the
first 30 families was low and ranged from | to 3. The Shannon specific diversity index
varied from 5.91 to 7.28. Areas with low human activities (foresis) had high diversity
indexes values (7.10 and 7.28). They were followed by mixed food crops (6.64), cocoa
plantations (6.31), multi specific planted trees (6.28), 4 year-old (6.13) and 10 year-old
(5.91) teak trees. Leguminous trees, which presence seems to be reltated to human
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activities were more diversified in cocoa plantations and mixed food crops (3.4) than in
primary forests (2.25).

16. Land Use and Biophysical Characterization of Below-Ground
Biodiversity (BGBD) Benchmark Site in Kenya

EM MUYA, NANCY KARANJA, HROIMEN, AND B MUTOSOTSO

Key words: Land use intensity gradient; soil structure, acidity and fertility

Abstract

Characterization of the BGBD benchmark sites with respect to land use and biophysical
soil characteristics was done to assess land use intensification levels in the site and
provide the opportunities for testing the methods adopted by the project scientists.
Examination of land use intensity gradients across globally significant ecosystems in
relation to physical and chemical attributes of land formed an important component of site
characterization.

Desktop study of the existing information and analysis of satellite imagery provided the
basis of selecting the site and general description of benchmark area. Three windows
(W1, W2, and W3) were selected in the Embu site, while only two were selected in Taita
Taveta. Soil inventory at the scale of 1:50,000 was used to collect biophysical data for
detailed description of the individual windows in each benchmark site. The individual
windows were described in terms of geology, geomorphology, soils and land degradation
status.

Parameterisation of land use intensity was achieved by quantifying and indexing the four
atfributes, namely: inputs and their frequency of application, cultivation intensity and
cropping density. The results show that the benchmark sites selected constituted an area
with land use intensification gradients. Each of the seven land use systems identified had
a different level of land use intensity, measured by intensity index. The highest level was
found in maize-based system with (.38, followed by tea with 0.25. Coffee and Napier
grass had 0.16 and 0.12 respectively. The main factor contributing to relatively high level
of intensity in maize-based system was frequency of cultivation. The lowest level was
found in planted and indigenous forests, whose intensity index was found to be 0.00.

Both benchmark sites are characterized by typical tropical highlands with altitudes
ranging from 1500 to 4500 m above the sea level and a cool to warm tropical moist
climate. The soils are developed from Tertiary basic igneous and basement system rocks
and are well drained, deep, dusky red to dark reddish brown, friable clay loam to clay, in
places with humic topsoils. Fertility gradient exists across different ecosystems: soil pH
increases from 3.2 in indigenous forest to 4.8 in cultivated area, while organic carbon and
nitrogen show a reverse trend, being 5.9 and 0.94 respectively in indigenous forest and
2.5 and 1.3 in cultivated area. Soil acidity decreases while phosphorous increases from
the indigenous forest to cultivated arca. These results show that different levels of
nutrients exist in different ecosystems and can, therefore, be used to explain the
composition, abundance and diversity of soil organisms in different ecosystems as well as
their spatial distribution over the landscapes.
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1. Diversity and Abundance of Termites in Sumberjaya, Lampung -
Indonesia

F.X Susilo! and F.K. Aini’°

'Faculty of Agriculture, Universitas Lampung, JI. Sumantri Brojonegoro No. 1, Bandar Lampung
, 35145, Indonesia
Faculty of Agriculture, Universitas Brawijaya, JI. Veteran, Malang 65145 East Java, Indonesia

Key words: termite, diversity, feeding groups, land use

Abstract

Inventory of termites has been conducted during the rainy season of 2004 in a range of
land use intensification gradient in Sumberjaya area, Lampung, Indonesia. Termites were
collected using 20 m x 2 m semi quantitative transect from 35 sample points distributed in
7 land use types of increasing intensity, L.e. undisturbed forest, disturbed forest, shrub,
polyculture coffee, monoculture coffee, food crop, and vegetable crop. Results showed
firstly that overall we found 37 species of termites from 15 genera, 4 subfamilies, 2
families and with 2 functional groups (soil feeders and wood feeders). Second, termite
diversity and abundance decreases along increasing gradient of land use intensification.
Third, the collapsing effect of land use intensity was more apparent on soil feeding
termites than on the wood feeding termites,

2. Diversity and Abundance of Ants in Sumberjaya, Lampung - Indonesia

F.X Susilo
Faculty of Agriculture, Universitas Lampung, JI. Sumaniri Brojonegoro No. 1, Bandar Lampung
35145, Indonesia, Fax:+62-721-702767, Email:fxsusilotelkom.net

Keywords: ant, diversity, land use

Abstracts

Inventory of ants has been conducted during the rainy season of 2004 in a range of land
use intensification gradient in Sumberjaya area, Lampung, Indonesia. Ants were collected
using Winkler method from 35 sample points across 7 land use types of increasing
intensity, i.e. undisturbed forest, disturbed forest, shrub, polyculture coffee, monoculture
coffee, food crop, and vegetable crop. Results showed first that overall we found 53
genera of ants. Second, ant diversity and overall abundance decrease along increasing
gradient of land use intensification. The decrease in diversity might be accounted for by
that of the predatory ants while the decrease in abundant could not be accounted for by
cither predatory or forager ant components.

3. Diversity and Abundance of Beetles in Sumberjaya, Lampung - Indonesia

F X Susilo, A M. Hariri, Indrivati, and L. Wibowo
Faculty of Agriculture, Universitas Lampung, Bandar Lampung 35143, [ndonesia
Fax:+62-721-702767, Email:fxsusiloiitelkom.net

Kepwords: beetle, diversity, feeding groups, land use

Abstracts

Inventory of beetles has been conducted during the rainy season of 2004 in a range of
land use intensification gradient in Sumberjaya area, Lampung, Indonesia. Beetles were
collected using Winkler method from 35 sample points across 7 land use types of
increasing intensity, i.e. undisturbed forest, disturbed forest, shrub, polyculture coffee,
monoculture coffee, food crop, and vegetable crop. Results showed that, first, overall we
found 59 families and subfamilies of beetles with 4 feeding groups (herbivores, predators,
scavengers, and fungjvores). Second, beetle diversity and abundance decreases atong
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increasing gradient of Jand use intensification, Third, the collapsing effect of land use
intensity was more apparent on the predatory, scavenging, and fungus eating beetles than

on the herbivorous beetles.

4, Diversity, Abundance and Biomass of Earthworm in a Range of Land Use
Types in Sumberjaya, Lampung, Sumatra, Indonesia

Murwani, S.', Lutk’, Dewi, W. S
'Universitas Lampung, JI. Sumantri Brojonegoro No. 1 Bandar Lampung, Indonesia, E-mai}:
srimurwia yahoo.com

1. Gintoro No. 9 Komplek Trikora Halim Perdana Kesuma. Jakarta Timur, Indonesia. Emial:
luth8/¢ vahoo.com
*Universitas Sebelas Maret, JI. Ir. Sutami 36A, Surakarta, [ndonesia, Email:

wsdewi2000/e yahoo.com

Abstract

Land conversion from forest into agricultural system would cause significant changes in
the soil (and its litter) conditions which in turn could affect the life and distribution of soil
biota therein, especially for “an ecosystem engineer” such as carthworm. The objective
of the research was to record the origin, functional groups, abundance, diversity and
biemass of earthworm as affected by land use change in Sumberjaya, Lampung,
Indonesia. Earthworm was sampled from the monolith (25 x 25 x 30 cm deep) at seven
different land uses, /.e. undisturbed forest, disturbed forest, shaded coffee (polyculture),
sun coffee {monoculture), food crops, vegetable crops, and Imperata grassland or shrubs.
All land uses are located in mountainous region with average temperature 23°C and
rainfall 2000 mm.year”. The field sampling was conducted during the rainy season from
January to February 2004 and species identification was conducted thereafter in the
laboratory of the University of Lampung. A total of 10 earthworm species found in the
study site although its diversity was not significantly different among land uses (ranged
from 0 — 5 species). Native species remained in the forests, whereas exotic species
thrived well in agricuitural lands. Most epigeic and endogeic species were distributed in
0-10 cm . Land use change from forest into horticulture crops increase the abundance and
earthworm biomass. High number of small size endogeic earthworm was also found in
agricultural lands.

5. BioDiversity of Macrofauna in Santa Marta los Tuxtias , Veracruz México.

Isabelle Barois, Martin de los Santos, Simoneta Negrete-Yankelevich and Jose Antonio
Garcia
Instituto de Ecologia A. C., Xalapa Ver. México.

Introduction

In the context of the project Conservation and Sustainable Management of Below
Ground Biodiversity (UNEP/GEF, TSBF-CIAT) an inventory of soil macrofauna was
carried out in the Biosphere Reserve Los Tuxtlas around the slopes of Santa Marta
Volcano in Veracruz Mexico, in order to observe: 1- the diversity of the macrofauna in
the region, 2- the impact of land use on the macrofauna and 3- the taxonomic units that
could be used as an indicator of the soil quality and the intensity of land management.
The sampling was carried out in November — December 2003

Study area
The study area is localized around the volcano Santa Marta in los Tuxtlas, Veracruz,

México Located near the Gulf of Mexico between 18°10° v 18°45” of north latitude and
94°42° v 95°27 of west longitude. Three sites were selected: 1) “Adolfo Lopez Mateos™
(LM), 2) “Venustiano Carranza™(VC) and 3) “San Fernando™(SF) Community” .
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Macrofauna sampling methodology

[n each point one monolith (25x25cm x30 cm Anderson and Ingram, 1993) was carefully
manually revised. All fauna > 2mm was collected. The earthworms were preserved in
formaidehyde at 4% and the other organisms, first in a “Pampel” solution (acohol/acetic
acid /formol) and then in alcohol at 70%. The Sampling was: done in 3 sites or windows,
4 land uses (forest, agroforestry or secondary forest, pasture and maize), and in each land
uses § points were sampled (96 points in total). Although each sampling points were
150m separated (trying to keep the grid design), not all were true replicas. Thus we had
only 49 true replicas

The Response variables studied were: Taxa richness, density and biomass of the
respective taxa. The Explanatory variables were: discontinuous: site and land use and
continuous: soil bulk density, humidity, electric conductivity and pH

Data analysis

We did Analysis of Variance (ANOVAS) of taxa diversity (Richness, Shannon- Wiener
{H"), Evenness (J) and Simpson (D)). As il is not possible to consider replica with 0
individual, the rule taken was that replica with 0 individuals will have a D=0.

ANQOVAS of most abundant taxa with land use type (4 levels) and site (3 levels) as
treatments were done. For the macrofauna from the litter the taxa selected were with
density > 4 ind m™ and biomass> 0.3 g m™ from the soil were with density > 4 ind m™
and biomass> 0.3 g m™ . To observe patterns a Detrended Correspondence Analysis
(DCA) of community data (only taxa biomass in litter presented) Some

Correlations of most abundant taxa and soil physicochemical parameters were performed.
These analysis were with the programs: Statistica, Canoco and Mini Tab

Most relevant results

There is no difference between the land uses. The sites are not different in community
composition (DCA} but in richness (F(2, 43) = 4.52 P=0.02) and diversity (H", F(2, 43) =
5.41 P=0.008; D, F(2,43)=3.69 P=0.03) they are. The VC site is less diverse in
macrofauna than the other 2 sites. Richness is correlated with environmental parameters
{bulk density and humidity). The DCA showed a slight grouping of the macrofuana
community from the litter. Diplopoda had presented significant differences (F(2, 43) =
5.78 P= 0.006) between the sites and significant correlations with soil bulk density.

Litter Sail
Deasity (ind.fm2) Biomass {g/m2} Censity (inddm2} Biomass {g/m2)

Taxon Mean S0 Mean sC Maan S0 Msan S0
Aranea 12.02 2196 013 0.565 474 9.27 017 086
Blattoklea an 79 0026 0.068 098 3.63 0.01 004
Chilopoda 164 429 0.008 0.025 2044 35.04 cd2 22
Coleop. Larv. 139 519 0027 0135 84 5155 366 14.23
Coleoplera 15.91 46.09 0.049 ciz9 1115 18 47 046 227

Staphyfirudae 453 1274 0.006 008 128 825 0.02 005
Dermapiera D44 239 0.002 0.014 3128 1796 o0z 008
Oplopoda 17 5.5 0.016 0061 5.9 271 0.48 183
Diptera 0.76 283 0.002 0008 31 629 009 0.4
Duptera larv 173 556 0.021 012 5.37 16.47 0.06 o17
Formicidae 2063 a9 0.026 D054 1859 4839 013 222
Gasteropoda 0.61 192 0038 0251 174 712 0.03 ¢13
Hamiplera 082 29 0.002 00038 0.95 377 <0.001 ooz
Hymenoplera 0.37 23 0,001 0002 049 232 0.0 0.06
Isopoda 453 14.39 0.018 0.062 1 1227 063 444
Isoplera 027 1.36 0.004 0025 40.54 12477 0.35 222
Lepidop. Larv 233 6.1 0154 0813 176 5.04 029 168
Lepwdoplera 0.33 1.8 <0.001 9003 <0.001 <0.00t <0.001 <0.001
Mantodea 02 137 <0001 <0.001 — — — —_
Obgachaeta — - — — 202.94 34127 489 762
Opfones 15 526 0.02 0078 <0,001 <0 0010 <0.0010 <0.0010
Orthoptera 0.85 489 0.013 0.069 0.65 218 021 1.14
Pseudoscpormomdas <0 001 <0.001 <0.001 <0.001 0.3% 158 <0.001 <0001
Thysanoptera 009 085 <0.001 0001 <0,001 <0001 <0.001 <0.001

Tabde 2. Mean and Standard dewvialion of macfofauna density and beomass per laxon per real raphca {n=43), All sites and land uses inclded

Conclusions
As no differences were observed in the macrofauna community among the four land uses,
a better discrimination of it could be done if: the identification of the groups is made at
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lower taxonomic levels and supplementary sampling is done with more real replicas per
land use.

As the Diplopoda had shown significant differences with soil parameters it can be
considered as a sensitive group or indicator of the land use and soil quality. The DCA that
showed the formation of groups need further exploration to know which the variables that
promote this grouping are.
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6. Diversity of Termites (insecta: isoptera) in Los Tuxtlas Biosphere
Reserve: Influence of Land Use

Patricia Rojas, José Amador, Antonio Angeles and Daniel Palacios
Soil Biology Department. Institute of Ecology A.C., Xalapa, Ver. MEXICO

Abstract

The diversity of termites in “Los Tuxtlas” Biosfere Reserve was studied. The reserve is
located in southeastern Mexico (18°10°-18°45 N and 94°42°-95°27" W) and extends
over an area of nearly 90 by 50 km. Formerly covered by tropical rain forests, this region
of volcanic origin, is now a mosaic of forests and agro-ecosystemns. The study was carried
out in the southern part of the Reserve, in three localities (windows) that differed by the
amount of forested area: 1) Lopez Mateos (LM): 75%, 2) San Fernando (SF): 50% and 3)
Venustiano Carranza (VC): 25%. Four different Land Use Systems (LUS) were sampled
in each one of the three windows: 1) Tropical rain forests (F), 2) Agroforestry plantations
{A), 3) Pastures (P) and 4) Annual crops (C). In each of these windows, 5 sampling points
per LUS were set, making a total of 60 sampling points. In each sampling point one 20x2
m transect was delimited and, in turn, subdivided in four 5x2 m sections. In each one of
the 5x2 m sections, 2 persons searched for termites in soil, logs, base of trees, vegetation
at 2 m height, twigs, etc. A series of termite specimens of each “nest” was separately
collected and preserved in alcohol 80%. The approximate time for search and capture of
termites in each section was 15 min (1 hour for each 20x2 transect). The tota! number of
20x5 m transects and 5x2 m sections sampled were 60 and 240, respectively. The
efficiency of our sampling protocol was evaluated comparing observed species
accumulation curves with the curves predicted by the estimators Bootstrap and Jacknife 1.
This comparison was performed by region, by window and by LUS.

Nine species of termites were found in the reserve: Amitermes aff. emersoni Light,
Anoplotermes fumosus (Hagen), Calcaritermes sp., Coptotermes crassus Snyder,
Heterotermes aureus (Suyder), Nasutitermes corniger (Motschulsky), Nasutitermes
mexicanus Light, Nasutitermes sp. and Reticulifermes sp. The three species that we have
unable to identified probably are not yet described {Constantino 2004, pers. comm.). The
most common species were: Coplotermes crassus was present in 30% of sampling points,
Heterotermes aureus in 26.6% and Nasutitermes corniger in 25%. Considering the
relative frequency of species, the most abundant species were the former three, although
the pattern was inverted: Nasutitermes corniger was present in 30% of the 147 samples
obtained, Heferotermes aureus in 23% and Coptotermes crassus in 16.3% of samples.
The less common species were Calcaritermes sp. and Nasutitermes sp. each one with
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only a single record: 1/60 (1.6%); both species were found in the most forested window
(LM 75% of forested area).

Total richness was higher in the more forested window (LM 75% 7 species), although the
window with the lowest forested area (VC 25%) had the highest average species richness
(1.75 species by site). This pattern may be due to the presence of generalist species like
Coptotermes crassus and Heterotermes aureus, that ocurred in many sites of VC, the
most disturbed window.

As expected forests had the higher total richness values (7 spp.); average values however,
did not differ [rom agro-forestry and crop systems. Not surprisingly pastures presented
the lowest average (0.8 sp.) and total (3 spp.) species richness values.

Diversity values (Simpson and Shannen indexes) did not show significant differences
between the three windows and between the four LUS. Pastures however, were the less
diverse systems, mainly due to the values found in LM and SF localities.

At a regional scale species accumulation curves indicated that termite species richness
was well sampled, but still lacked -2 species. To the level of window the curves
indicated that in the more forested area (LM 75%) 1-2 species were still lacking, whereas
in the less forested area (VC 25%) the inventory was almost complete {(we expect to find
only one more species); finally in the medium forested area (SF 50%) we found the total
species richness (as predicted by both indexes). Regarding the four LUS, the species
accumulation curves indicated that: a} in both agro-forestry systems and pastures the total
species richness was recorded; b} in annuat crops only one species is still lacking; ¢) in
the case of forests, the sampling effort performed was not enough, because at least 1-3
species are still missing,.
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7. Coleoptera in Santa Marta Los Tuxflas, Veracruz, Mexico

Miguel A. Morén & Roberto Arce
Instituto de Ecologia A. C.

Introduction
Beetles are key stones of soil communities because of their: 1)taxonomic richness,

2)abundance of individuals, 3)frequent large biomass, 4)ecological diversity and
S)ifferent ecological role during their life cycle (larvae - adults)

Material and Methods
The Coleoptera identified here come from the sampling of the Macrofauna carried out in

November- December 2003 in the 3 sites or windows of the slopes of Santa Marta
Volcano and in four land uses (rain forests, corn fields, agro-forestry lands and
grasslands) with § sampling points in each land use. The methodology for the sampling
was the manual collection of organisms (>2mm) of 2 monolith (25x25x30cm, Anderson
and Ingram 1993) per sampling point. The monolith was divided in 4 strata: the litter, 0-
10, 10-20 and 20-30 cm.

Results
From the 384 sub-samples (96 samples x 4 strata), 286 (75%) of them had Coleoptera.

The total amount of specimens in these 286 sub-samples is 874. These coleopteran are
distributed in 545 collection records, of which 284 records are of adults and 251 of larvae.
These Coleoptera belong to 37 different families and present 164 morpho-species. The
families that have more morpho—species or species richness are:
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Staphylintdae - 26 morphs — mainly adults
Carabidae — 18 morphs — mainly adults
Chrysomelidae 14 morphs mainly adults
Melolonthidae — 12 morphs — only larvae
Scarabaeidae 11 morphs - mainly adults
Elateridae - 9 morphs — mainly larvae

The families that are more abundant are:

Melolonthidae — 184 larvae
Ptilodactylidae — 150 larvae & adults
Staphylinidae — 131 adults & larvae
Scarabaeidae — 66 adults & larvae
Chrysomelidae — 64 larvae & adults
Carabidae — 61 adults & larvae
Elateridae — 54 larvae & adults

From these 37 species, 19 are typicaliy from the soil (their larvae develop in the soil) and
18 are found occasionally in the soil.

Discussion

The density of Coleoptera is very disperse because only in 1] samples of the 286 we
found more than 10 individuals; from these I1 samples 10 come from the forest and
grassland of San Fernando. The Melolonthidae larvae by their density and biomass are the
most important thizophagous and saprovorous coleoptera in San Fernando. Thus San
Fernando is the site with more Coleoptera and morpho-species. [n contrast Venustiano
Carranza site is the site with less Coleoptera and less morpho- species.

The Staphylinidae can be a key group because of their density and diversity and their role
in the food web as predators and detritivorous. The carabidae also is an important group
because they predate other soil arthropods. The Ptilodactylidae are abundant but their
habit is not well known although they might have an important role as detritivorous

8. Diversity and relative abundance of ants, beetles, termites and
earthworms in a lowland tropical forest, Uganda; the influence of land use.

'A.8. Okurut, 'A.M. Akol, ’C. Nkwiine, °M.S. Rwakaikara and 'M.J.N. Okwakol
'Department of Zoology, Makerere University, “Department of Soil Science, Makerere University,
P.O. Box 7062, Kampala, Uganda.

Keywords: Land use, disturbance, earthworms, termites, ants, beetles, monolith, Winkler
bags, pitfall.

Abstract

The influence of land use on the species richness and relative abundance of ants, beetles,
termites and earthworms was assessed using four sampling methods (monolith, Winkler
bags, pitfall traps, transects) in nine land use types (LUT) in and around a lowland
tropical forest in Uganda. The LUT represented a disturbance gradient from the most
disturbed crop monocultures to the least disturbed intact primary forest. A minimum of
seven points per LUT were sampled (range 7-16).The appropriateness of the sampling
methods for the taxa was also evaluated. A total of 11 55 ant genera, 17 beetle genera, 14
termite genera, and earthworm species were recovered. For all the taxa, species diversity
and mean relative abundance {(and biomass for earthworms) declined with increasing
disturbance from the forest systems through to the crop monocultures (tea and sugarcane).
These trends may be related to soil physico-chemical parameters and to land management
practices in the benchmark areas. The monolith was inadequate in capturing all the genera
and benefited from the use of pitfalls (beetles, ants) and soil scrapes in the transect



(termites, earthworms). Winkler bags were also important in capturing mymmicine ants
that had been inadequately sampled by monoliths and pitfalls.

Macrofauna are important components of ecosystems as they are key determinants of
ecosystem processes. Their numbers and diversity have been known to vary in response
to landscape changes brought about by natural and/or anthropogenic events. They can
thus serve as indicators of ecological disturbances. The literature on macrofauna (ants,
beetles, earthworms and termites) in Uganda is highly skewed towards termite ecology
and to a lesser extent, their taxonomy, with very little known about the other groups. It is
therefore expected that the below ground biodiversity project will generate plenty of
baseline information on the taxonomy and ecological roles of these macrofauna groups.

The objectives of this study were to make an inventory of the ants, beetles, earthworms
and termites in the benchmark area (Mabira forest), to evaluate the proposed sampling
scheme and methods with a view to suggesting refinemenits that could be used in
developing standardized methods for macrofauna sampling and, assess the intensity of
land use (disturbance) on the diversity and relative abundance of these groups.

A total of 96 points (in a 4 X 4 16-point grid) were sampled for ants, bectles, earthworms
and termites during the rain season. The points represented nine land use types (LUT) in
and around a lowland tropical forest in Uganda. The LUT represented a disturbance
gradient from the most disturbed crop monocultures to the least disturbed intact primary
forest. A minimum of seven points per LUT were sampled (range 7-16). A combination
of a25 X 25 X 30 cm deep monolith (all groups), unbaited pitfall traps (ants, beetles), soil
scrapes in a 2 X 20m transect (termites) and Winkler bags (ants, beetles) was used to
sample the groups. Specimens were washed of debris, preserved in 70% ethanol (ants,
beetles, termites) or formo-acetic alcohol (earthworms) and later identified to genus (ants,
beetles, termites) or species level (earthworms).

Over 55 ant genera, 14 termite genera, 17 beetle genera and ! 1 earthworm species were
recovered in the entire benchmark area. Two morphotypes of earthworms are suspected
new species and await confirmation. The land use types showed significant differences
(P<0.05) in the diversity and biomass of earthworms. Generally, less disturbed LUTSs had
a higher diversity and biomass of earthworms than the more intensively used LUTs. The
excephion was multipte cropping which had a high diversity and biomass comparable to
the forest systems. The land management practices in this LUTs will be assessed to
determine whether they explain these observations.

Forest systerns had a higher number of ant, beetle and tenmite genera than the crop
monocultures but LUTs of intermediate disturbance had an equal or higher number of
genera and a greater relative abundance than the forest systems. Closer scrutiny of these
systems revealed that they had genera that occurred in both the forest and crop
monoculture systems.

The number of beetle genera that were recovered in each of the LUTs was lower (varied
between 2-5) than for the ants but the genera that occurred in LUTs of intermediate to
high level of disturbance were different from those that were recovered in the forest
systems. These trends may be related to the ecological roles/guilds of the genera involved.
Termite diversity decreased sharply from the forest systems to the crop monocultures; the
latter LUTs were dominated by genera (Macrotermes, Pseudoacantholermes) that are
litter/wood feeders that sometimes acquire a pest status.

The monolith recovered significantly less genera than either the pitfall, Winkler bags or
the transects. Thus macrofauna diversity studies are benefited by the additional use of
Winkler bags (ants), pitfalls (ants, beetles) and transect (earthworms, termites).

In conclusion, the findings show that land use intensity decreases macrofauna diverstty
and may also change the composition of taxa in the land use.

41



9. The Abundance and Diversity of Earthworms and Termites in the BGBD
Benchmark Sites.

G. H N. Nyamasyo, M. Kibberenge and Fred Ayuke.

ABSTRACT

Sampling of earthworms and termites was carried out at Embu and Taita Hills benchmark
sites in Kenya using four methods: the monotlith, pitfall, quadrate and transect. All the
land use types which included agricultural plantations and natural forests were covered in
the 60 and 40 points sampled in Embu and Taita Hills respectively. A total of 3800
invertebraie specimens collected from Embu comprised of 11 orders, 25 families, and 11
genera while those from Taita Hills comprised 16 orders, 31 families, and 37 genera. Of
these macrofauna the earthworms and the termites accounted for 5.1% and 28.1%
respectively from the Embu site. Qut of the 8 land use types identified in Embu there
were more earthworms in coffee and natural forest while napier and fallow recorded more
termites. There were significant differences in earthworms and termites composition
between the different land uses.

10. Diversity of Earthworm along a Gradient of Agricultural Landscape in
Centre-West Region of Céte d’lvoire

Tondoh E. J, Monin L., Tiho 8%, Csuzdi ¢7

"UER des Sciences et de la Nature/CRE, tondohj/@yvahoo.fr; 2 UFR des Sciences et de la Nature ; °
Hungarian Natural History Museums

Keywords: Abundance, Céte d 'Ivoire, diversity, earthworm, land-use index

Abstract

This study was carried out in Central-West Region of Ivory Coast and aimed at assessing
the impact of land-use systems on earthworm abundance and diversity. Eight land-use
types were identified as a consequence of human activities in this area: primary forest,
secondary forest, muiti-specific planted trees, 10 years teak, 4 years teak, cocoa
plantation, recuirent fallow and mixed crop fields. An index of land utilization was used
to rank systems aiong a gradient of land-use type. The main hypothesis of our study is
that agricultural practices have detrimental effect on earthworm abundance and diversity.
To test our hypothesis, earthworms were hand-sorted across five points per land-use type
chosen randomly within a grid of 4 km’. At each point, three monoliths (50x50x20 cm)
were dug out every 5 m along a transect. Biodiversity was measured by the species
richness, Shannon’s diversity index and non parametric diversity estimators (Sobs, ACE).
From primary forest to mixed crop field, our results showed a significant increase in
earthworm density (H=60.98; p=0.0000!) and biomass (H=47.41; p=0.00001). In
addition, there was a significant relationship between land-use index of (LUI), earthworm
density (r=0.76, N=8, p=0.029) and bjomass (r=0.81, N=8, p=0.015° across the
landscape. There was a significant variation of the average species richness (H=47.41,
p=0.00001) and the Shannon index (F=3.42, p=0.0024) per land-use type. However no
significant relationship was found between observed species estima’ed by accumulation
curves and of land-use index along the gradient of agricultura! landscapes. These results
are in contradiction with most of available information in literature.

11. Diversity of termites and ants along a gradient of land-use in a tropical
forest margins (Oumeé, Cote d’lvoire)

KONATES."; TRA-BI8.C%; ADJA AN*: KATIA S.C'; KOLOY." & TANO Y?
'Université &’ Abobo-Adjamé, UFR-SN, 02 B.P. 801 Abidjan 02. E-mail: skonate2@vahoo.fr;
*Université de Cocody, UFR Biosciences, 22 B.P. 582 Abidjan 22.
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Keywords: Ants; biodiversity, Céte d'Ivoire; land-use types, termites

Abstract

Tropical forests that contain more than half species at global level are subject to
increasing human pressure. In Africa in particular, land-use and agricultural
intensification are major threats to naturai forest diversity. The aim of this study was to
evaluate within different land use types, the diversity of termites and ants, two major
components of tropical sotl macrofauna. The study site was located in Centre West Cbte
d’ivoire. Soil macrofauna were collected in each land-use type, using four combined
standardized transects (50m x 2m) for termites and 50 x 10 m for ants leaf litter
{Winkler). In addition, 3 monoliths (30 x 30 cm) were excavated along the ants transect to
sample soil dwelling ants. A fter taxonomical identification at the genera level, Principal
Component Analysis and dendrograms were used to separate the different morphospecies.
Species richness estimator (ACE and ICE), diversity indexes (Shannon and Simpson)} and
species accumulation curves were used to estimate termites and ants diversities.
Comparisons between land use types were realized by means of Similarity indexes
(Jacquard and Sorensen), ANOVA and statistical correlation tests. Results showed a shift
in termites and ants community taxonomy and function. Primary forest and fatlows
showed the highest diversity (40 and 38 species), as compared to secondary and planted
forests (20, 23 and 22 species) for ants. For termites, secondary forests and fallows
exhibited higher species richness (23 and 25 species) than planted forests {16, 18 and 16
species). Between these two land use types, mixed food crops presented intermediate
species richness values for both groups. Humivorous termites were found to be sensitive
to habitat changes, which make them a good indicator of the status of forest conservation.
Conversely, fungus growing and xylophageous termites seem fo be less sensitive to
changes in land uses. Overall, the study underlined the importance of the combined
standardized transect, as a method for rapid assessment and monitoring of ants and
termite diversities,

12. COMPOSITION OF SOIL MACROINVERTEBRATES COMMUNITIES IN
- DIFFERENT LAND USE SYSTEMS IN ALTO SOLIMOES, BRAZIL

Sandra Celia Tapia-Coral & José Wellington Morais

Instituto Naciona! de Pesquisas da Amaz6nia, Coordenagio de Pesquisas em Entomologia,
INPA/CPEN. Caixa Postal 478, 69011-970. Manaus, AM. Brasil.

Abstract
Soil macro-invertebrates communities of are very diverse and abundant; however they

can have their activity differentiated in the different ecosystems. These organisms,
inhabitants of the soil upper layers, through their role in the decomposition of soil organic
matter and in the liberation of nutrients, they are high importance for the conditions of
growth of planted species and the development and function of agricultural systems. The
present work aimed to identify to the communities composition of soil macro-
invertebrates in different land use systems managed by communities in the Alto Solimbes
region, State of Amazonas, Brazil.

The soil macro-invertebrates were collected according to the methodology recommended
by the Tropical Soil Biology and Fertility Programme (TSBF) in six grids with different
sample size for each land use system: forest, young secondary forest, old secondary
forest, agroforestry, crops and pasture. The preliminary results show that diversity
{numbers of taxa) was higher in young secondary forest, agroforestry and forest. Total
density of soil macro-invertebrates was significantly higher in young secondary forest
(2932 ind.m'z) and agroforestry (2175 ind.m™) than in the other land use systems. Ants
and termites were the predominant groups in all the systems, however only ants were



significantly different among the systems, being more numercus in young secondary
forest {1026 ind.m?) and agroforestry (1116 ind.m™).

Two species of Oligochaeta were identified: Rinodrilus tico and Pontoscolex corethrurus,
the latter being much predominant and its density and biomass were higher in the pasture.
The results showed that young secondary forest and agroforestry were the land use
systems which presented the highest soil macro-invertebrates densities, with the
predominance of ants and termites, which would maintenance their participation in the
decomposition of soil organic matter in those systems.

13. Community structure of ants in different land use systems in the upper
Solimdes River - AM

Ronald Zemetti', Nivia Dias', Ménica Silva Santos’, Marcia Lidia Gomide', Jacques
Delabic’
" DEN/UFLA, Caixa Postal 37, 37200-000, Lavras, MG, zancit «ufla br: * CEPEC/CEPLAC, Caixa
Postal 7, 45600-000, ltabuna, Bahia, delabie@cepec.gov.br.

Abstract

O projeto tem como objetivos fazer verificar o efeito de diferentes intensidades de uso da
terra sobre a diversidade de formigas na Amazonia Ocidental e propor técnicas de manejo
agroflorestal que minimizem perdas de biodiversidade local. A coleta dos formicideos foi
feita de acordo com o protocolo internacional pelo método do extrator de Winkler, em
cinco diferentes sistemas de uso da terra: Floresta (n=21), Capoeira (n=40), Sitio
{n=10), Roga (n=16) e Pastagem (n=13), constituindo um gradiente de intensidade
de uso de solo. O desenho experimental constituiu-se de grids ou janelas,
divididos em quatro transectos, com quatro pontos cada um, distantes 100m um do
outro, totalizando 16 pontos de coleta. Em cada ponto foram coletadas trés
amostras de 1m’ da serapilheira, distantes 10m uma da outra. O material coletado foi
transferido para os extratores e mantidos por 72h para a extragdo das formigas e outros
artropodes. Todas as formigas das amostras do extrator de Winkler foram triadas no
Laboratério de Mirmecologia da UFLA e identificadas em nivel de espécie com o auxilio
da chave dicotdmica de Bolton (1994) e colegdo de referéncia do Laboratorio de
Mirmecologia do Centro de Pesquisas do Cacau-CEPEC, sob a orientagdo do Dr. Jacques
Delabie. Foram coletados 2195 espécimes, distribuidos em nove subfamilias, 29 tribos,
58 géneros e 239 espécies de formigas. A subfamilia com mais representantes foi a
Myrinticinae com 131 espéctes. Foram coletadas algumas espécies raras como
Cheliomyrmex megalonyx, Gnampiogenys spl gp minuta, Typhlomyrmex spl, Talaridris
mandibularis, Acanthognatus stipulosus, Stegomyrmex manni, Adelomyrmex spl, sp2 e
sp3, Amblyopone orizabana, Amblyopone sp. n., além de cinco espécies novas,
pertencentes aos géneros Octostruma (Dietz, 2004), Pyramica (Bolton,2000),
Megalomyrmex (Brandio, 1990, 2003) e Amblyopone (Lacau & Delabie, 2002). Foram
registradas 151 espécies na capoeira, 142 na floresta, 104 na roga, 96 no sitio € 65 na
pastagern, de um total estimado de 264, 202, 190, 171 e 122, respectivamente. O indice de
diversidade (Shannon-Wiener) indicou uma alta diversidade nas dreas de capoeira,
floresta, sitio e roga com valores muitos proximos, diferindo do ambiente de pastagem,
onde a diversidade de espécies foi menor, apresentando uma estrutura de comunidade
mais simplificada, comprovando que quanto maior a complexidade estrutural do
ambiente, maior a diversidade e riqueza de espécies, devido o aumento da quantidade de
recurso e substrato de nidificagio. A partir da curva de riqueza acumulada verifica-se que
0s ambientes mais pobres em nimero de espécies sdo pasto e roga. Conclui-se que 0s
sistemas de uso da terra com vegetagdo mais complexa siio mais diversos em espécies de
formigas, portanto devem ser recomendados.



14. Scarabaeidae (Insecta: Coleoptera) community structure in different soil
use systems in the Amazonia.

SILVA, P. H.; Louzada, J. N .C. & Schiffler, G.

Abstract

The role of biediversity in tropical agricultural systems is little studied and its knowledge
is fundamental to the identification of different soil systems as sustainable agro-
ecosystems. Seeking this knowledge, this study will depart from arguments that set the
Scarabaeidae as good indicators of biodiversity since they answer negatively to human
alterations in the environment. The study aims at evaluating the impact that different
systems of soil use in the Amazon region have on the beetles of the Scarabaeidae family.
The hypothesis is that the diversity of Scarabaeidae decreases with the reduction of the
structural complexity of the vegetation. The work was carried out in three research areas
located at Alto Solimdes, in the Amazon state, Brazil.

The Scarabaeidae gathering was made with traps of piffalf type, baited with human
faeces. We collected of 3.048 individuals, distributed in 51 species, 15 genera and 6
tribes. It was evaluated the abundance, richness, similarity and composition of the
species. Whereas, the highest estimate of species richness was obtained for the forest (46,
83 + 0, 74); the lowest was obtained for Pasture (1 +0). As for the similarity of the
species, Forest and Old Secondary Forest rated 73%, while the Agroforestry and Young
Secondary Forestry exhibited 90%.

Regarding the composition of the species, the soil use systems holding a more similar
pattern among them were Forest and Old Secondary Forest. The Agro-forestry, Young
Secondary Forest and Crop showed similar richness of Scarabaeidae species, however
inferior to the Forest, which confirms the association between the vegetation’s structure
and the community of Scarabaeidae. From the soil use systems studied in the Amazon
region, the Pasture shows the most negative impact in the community of Scarabaeidae In
conclusion, it can be said that soil use systems with greater vegetation complexity favour
the increase of animal diversity.

15. Dwersxty of Termites in diverse Land Use Systems in Benjamm
~ Constant Municipality, AM, Brazil

Agno Accioly and Reginaldo Constantino

Abstract
Termites were sampled in 100 transects following the standard protocol. We collected

1300 samples and recorded 76 species. The diversity was higher in primary forest,
followed by fallow, cropland, agroforestry and pasture. The observed diversity in
agroforestry sites was lower than expected, but few agroforestry sites were sampled.
Assemblage similarity measured by Morisita's index indicates that fallow, crops and
agroforestry are very close, while pasture is very different from all other systems. Rank-
abundance distribution shows that relative abundance in forest assemblages is more
balanced, while pasture assemblages are dominated by a few very abundant species. The
other systems show intermediate patterns. The main conclusions from the preliminary
analysis are: 1) the traditional crop — fallow system has a termite diversity which is very
close to that of the primary forest; 2) pastures are the worst system; 3) the mean number
of species per transect does not show much difference between land uses, indicating that
most of the difference in total diversity is due to species turnover (beta diversity).



16. Inventory of macrofauna in different land use systems in the Nilgiri and
Nanda Devi Biosphere Reserve in India

Radha D. Kale, N.G. Kumar, B.K. Senapati, RV. Varma and R K. Maikhuri

University of Agricultural Sciences, Bangalore, India; Sambalpur University, Jyotivihar, India;
Kerala Forest Research Institute, Peechi, India; G.B. Pant Institute of Himalayan Environment and
Development, Srinagar (Garhwat), india

Introduction

About 60 grid intersection points in each of the four windows, two windows in the
Niligiri Biosphere Reserve and two in Nanda Devi Biosphere Reserve, were sampled for
macrofauna. In case of the Nanda Devi Biosphere, only one monolith over a given
intersection point was sampled for hand-sorting of all macrofauna. In window 1 of Nilgiri
Biosphere Reserve three monoliths, one at the centre point of the *triangle’ and the other
two at a distance of 10 m from this point towards apex and base of the triangle, were
sampled.

The surface castings at each of the point were collected and air dried to get the amount of
castings released by existing population of earthworms in Window | of Nilgiri Biosphere
Reserve. In addition to monoliths, transects of size 40 x 5 m was marked in each land use
system and was divided into 4 sections, each of 10 x 5 (Kerala area)/ 10 x 2 (Kamataka
area) m dimension for termites. Termites foraging on litter, wooden logs, stem/bark of
plants, and animal excreta were checked in these semi-quantitative fransact (2x10 m) of
the triangle in each sampling point of the ecosystem. Ants, beetles, and other macro fauna
were also collected from the pitfall traps with 1% detergent (13 cm dia.) placed at three
angles of triangle in each sampling points.

Niligiri Biosphere Reserve

Eartworms

In Nilgiri btosphere reserve, earthworm abundance did not differ in unmanaged (social
forestry) plantations sampled in the two windows, while the population leve! was slightly
higher at window 1 for natural forests. In managed plantations, the earthworm population
level in window 2 was nearly 50% lower than what was observed, in coffee and
cardamom plantations of window 1. Species of families of Moniligastridae,
Megascolecidag, Ocnerodrilliadae, Octochaetidae were quite common. The list of species
is incomplete as the identification work could not be completed in window 2. The species
richness was found to be higher (11 species) in coffee plantations compared to natural
forests (8 representative species of earthworms). Drawida somavarapatana Rao, was the
most abundant and was of common occurrence in all collection spots, Curgia narayani
Mich. was the species of low incidence in natural forest and Megascolex feliciseta Steph.
was the species of low incidence in coffee plantation. Pontoscolex corethrurus exhibited
wide range of distribution and this was the species that could be coltected more frequently
even during the pre-monsoon collection, showing its ability to withstand adverse
conditions prevailed during that season.

Ants

In NBR window |, ants were distributed in all the ecosystems during February

2004 Natural forest harboured ants belonging to five subfamilies with 15 species of ants.
More numbers of ants species (16) were collected in the cardamom plantation, but the
ants belonging to the Subfamily Dorylinae was absent. Coffee provided shelter for 12
species of ants belongs to 2 Subfamilies. Ants belonging to the Subfamily Dolichoderinae
were absent in coffee, acacia and grassland. Dorylin ants were represented only in naturat
forest and Acacia ecosysiem.

In NBR window 2, degraded forest and rubber plantations showed maximum abundance
of ants, significantly different from other land use systems. The other three land use
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systems viz., PA (annual cropping area), teak plantations and semi-evergreen forest were
similar in terms of ant abundance, but the values were much lower compared 1o that of
degraded forest and rubber plantation

Beetles

Adult beetles were collected in the pitfall traps. The majority of these belonged to Carabid
and Scarabid groups. The relative abundance of beetles varied from 0.23 (Acacia) to 5.06
% (grassland) during February collections. Beetles were not represented in Acacia during
November 2004.The relative abundance varied from 3.23 (paddy) to 5.71 % (natural
forest) during November 2004. Apart from this, smaller beetles and grubs were also
observed in the soil samples of all the ecosystems.

Nanda Devi Biosphere Reserve

Earthworms

In low elevation zone, earthworms showed the highest density during monsoon season in
agricultural land use, during post-monsoon season in oak forests and similar abundance
during pre- and post-monsoon in pine forests. In higher elevation zone, earthworms were
found to be absent in alpine pasture and Cedrus forests, but present in all types of
agricultural land uses. Homegarden and medicinal plant cultivation area showed the
highest density during post monsoon season, potata field during pre-monsoon and a
similar density during pre and post monsoon period in pea cultivation area. Homegarden
was the only land use where earthworms occurred in all seasons.

In both elevation zones, earthworms were more numerous in agricultural tand use
compared to forests and pastures. Within agricultural land use, earthworm density was
significantly higher in home gardens as compared to other agro-ecosystem types. At
lower elevations, where both rainfed and irrigated agriculture are practiced, earthworm
population rainfed system was higher than that in the irrigated one.

In all, eight species of earthworms were captured. Two species were sampled from higher
altitudes compared to six species from lower altitudes. Dendrodrilus rubidus occurred
only in high altitude agroecosystems, Aporrectodea caliginosa in all high elevation
agroecosystem types and home garden system in lower altitudes and, the remaining six
species viz., Lannogaster pusillus, Metaphire houlleti, Ocnerodrilus occidentalis,
Metaphire anomala, Amynthas corticis and Drawida nepalensis only in agroeceosystms
and forest ecosystems at lower elevations. Comparing species richness by season, it is
observed that only one species occurred during pre-monsoon season compared o six
species during monsoon and post monsoon season. Species occurrence seemed to be
related to season

Hymenoptera

In almost all land use types, hymenoptera population was lowest during post-monsoon
season, while the differences between pre-monsoon and monsoon seasons were not
significant. This group was sampled from all land use types in all seasons, except during
post-monsoon in Cedrus forest, medicinal plant cultivation and potato cultivation at
higher elevations. At lower elevations, oak forests showed the lowest hymenoptera
population during pre-monscon and monsoon months, while there were no significant
differences in population size in different forests and agro-ecosystems during post

monsoon

Isoptera (termites)

Isoptera individuals were altogether absent in higher elevation zone. In lower elevation
zone, significantly higher density was noted during monsoocn season in all land uses
except homegardens where numerical abundance observed during monsoon and summer
did not vary significantly. Isoptera population density was significantly higher in rainfed
agriculture compared to irrigated agriculture and in pine forests compared to oak forests
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in all the three months. Homegardens had a significantly higher density during summer
compared to all other land use/cover types.

Coleoptera

The highest coleopteran population was observed during monsoon season in ail land uses
at lower elevations except irrigated agriculture where this group showed highest
abundance during sumrner season followed by monsoon, with nc significant difference
between the two seasons. In higher elevations, the population density during rainy season
was significantly higher than that in post-monsoon and/or summer season in cedrus
forests and medicinal plant cultivation area.
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1. Collembola Communities of Seven Land Uses Types in Sumberjaya,
West Lampung, Indonesia

Cahyo Rahmadi’ and I Gede Swibawd’
'Zoology Division RC Biology LIPI, JI. Raya Jakarta-Bogor Km. 46 Cibinong Indonesia,
E-mail: cahyo.rahmadi@lipi.go.id
% Department of Plant Protection, Universitas Lampung, JI. Sumantsi Brojonegoro No. ! Bandar
Lampung Indonesia; E-mail: igswibawa'd@ vahoo.com

Keywords: Collembola, land uses changes, agroecosysiem, West Lampung,
Indonesia

Abstract

The impact of land uses changes to Collembolan communities was studied. The study is
conducted in Bodong Jaya, Sumberjaya, Wesi Lampung from 10 -29 February 2004, The
objectives of the study are to measure the effect of different land use type on the
Collembola diversity and abundance. Identification had been done based on the
difference of morphological characters (morphospecies). The data is analyzed by cluster
analysis to indicate their similarity and clustering of Collembolan communities. The
resuit show that the diversity and abundance of Collembola are not paralleled with the
increasing of land use intensity. Crop base intensive had the richest species number
followed by tree base intensive; both land uses are an open area abundant in deep soil
collembola. There are some special collembolan species: Folsomia sp. 1 and
Pseudosinella sp. 2 are present in all land uses. Isofoma ¢f trispinata is absent in
undisturbed forest and could be an indicator of disturbed ecosystem due to agricultural
practices. Pseudosinefla sp. 1 is absent in undisturbed forest aad disturbed forest and
present in agricultural ecosystem (polyculture coffee, monoculture, food crops, vegetable
crops) and shrub. The comparison of species composition reveated two clusters. The first
consisted of food crops and vegetable crops, whereas the second cluster consisted of
other land uses. Surface dwelling Collembola is dominated by Entomobryidae (43.25%),
Hypogastruridae (39.18%), and Sminthurididae (8.52%).

2. Nematode Diversity in Sumberjaya Lampung Benchmark Indonesia

I Gede Swibawa", Titik Nur Aeny”, and Imam Mashyuda
Department of Piant Protection, Universitas Lampung Indonesia
Jin. Sumaniri Brojonegoro No. I Bandar Lampung 35143, Indonesia

1 vy . :
E-mail: igswibawadvahoo.com, ¥ aeny01@yohoo.com
! o.com, " aenyl i@ yonhoo.com

Keywords: Nematode, abundance, diversity, land use type, Sumberjaya, Indonesia

Abstract

Land use change by deforestation to agricultural system through cuitivation and chemical
inputs affects soil organisms including nematodes. The study of the effect of land use
change on the diversity of taxonomic and functional groups of soil nematodes was
conducted in Sumberjaya Window, Lampung Benchmark, Indenesia from January to
December 2004. Soil cores were collected from January 1o March 2004 {mid rainy
season). The soil cores were taken from 14 sampling points on eack of seven land uses
including undisturbed forest (forest less intensive = FLI), disturbed forest (forest intensive
= FI), shrub and grassiand (Shrub), polyculture coffee (tree base less intensive = TBLI),
monoculture coffee (tree base intensive = TBI), food crops (crop base less intensive =
CBLI), and vegetable (crop base intensive = CBI). As much as 300 cc soil was extracted
by flotation and centrifugation technique using sucrose solution method. The collected
nematodes were mounted on slides with glycerin. One hundred random!ly cached of
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nematodes from each sample were identified to genus level. The data was analyzed to
obtain the abundance, number of genera, and abundance of trophic groups. The results
showed that the total of 113 nematode genera in seven orders was collected from all land
use type in Sumberjaya, Lampung. There was no significant relationship between
increasing land use intensity and the population of soil nematodes. Number of genera
tends to decrease as land use intensity increase. The bacteriovore nematodes were mostly
found in forests (undisturbed forest and disturbed forest); whereas plant feeder nematodes
were mostly found in more intensive land uses shrub, food crops and vegetabie crops.

3. Diversity of nematodes under different land use intensities inside the
biosphere reserve “los Tuxtias”, Veracruz, Mexico.

F. Franco-Navarro', D. Godinez-Vidal' and K. Vilchis-Martinez’.

'Phytopathology Program-Colegio de Postgraduados, Montecillo, Mexico State, Mexico. 56230,
*Agriculural Engineering-FES Cuatitlan, UNAM, Cuautitlan lzcalli, Mexico State, Mexico.

Abstract

The present study was performed inside the Biosphere Reserve "Los Tuxtlas®, located in
Veracruz State, Mexico, for determining the effect of different land use intensities on
nematodes diversity. Inside the Reserve, three localities were chosen as replications and
from each one of them, several representative areas of four land uses were selected:
Jungle, as a non-disturbed system, Agroforesty, as a system with low perturbation, both
Pasture field and Maize feld, as mono-cropping systems with intensive land use.

Eight sampling poinis were settied in each locality and from each land use, following a
grid pattern with a distance between points of at least 200 m for eliminating any
correlation effect. In each sampling point eight sub-samples (100 g) were taken, to a
depth about 10-30 cm, following concentric circles scheme around marked point. On the
concentric ¢ircles, four subsamples on circumference of internal circle (3 m of diameter)
were taken and other eight on external circle (6 m of diameter). AH subsamples from each
sampling point were mixed in plastic bags which were carried to laboratory. Thirty two
soil samples were taken per locality and ninety six in total inside the Reserve. Samples
were taken during the dry season.

Nematodes were extracted from 300 cm’ of soil of each compound sample by sieving and
then by centrifugation-using the sugar flotation method (Jenkins, 1964; Hooper, 1986).
Once extracted, nematodes were relaxed and kiiled by heat at 60°C and then fixed with
formalin 4% (Stone, 1974). Once fixed all samples, nematodes suspenstons were adjusted
to 10 m) and three aliquots of 1 ml were taken for counting all nematodes from each
sampie. Total number of nematodes was estimated by the mean of three counts X 10.
Counting was done considering mophological groups detected in the samples
(Morphogenera). Samples were processed by Mass Dehydration (Seinhorst, 1959;
Franco-Navarro, 1999) and the nematodes were mounted in permanent slides using wax
ring as sealer (Hooper, 1986).

Data were transformed into some ecological parameters (Abundance, Morphogenera’s
Richness, Simpson’s Diversity Index and Shannon’s Diversity Index), specimens were
grouped in trophic groups and the ievel of Soil Disturbance in an indirect way was
quantified.

Of the total of samples have been identified approximately 165 different morphogenera,
grouped in five trophic groups: bacterial feeders (Rhabdifis, Plectus, Aphanolaimus,
Acrobeles, etc.), tungal feeders (dphelenchus, Tylenchus, etc.), omnivores (Dorylaimus,
Dorylaimoides, Aporcelaimus, ete.), predators (Miconchus, Mononchus, Prionchulus,
etc.) and plant parasitic (Meloidogyne, Discocriconemella, Hemicycliophora,
Helicotylenchus, etc.).
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Atfthough in abundance of nematodes there weren’t significant differences, the number of
nematodes was a little higher in Jungle (937 individuals/300 em’ of soil) than Pasture
field and 43.2% higher than in Maize field. In Morphogenera’s Richness there were
significant differences (Tukey, a=0.01); the highest Richness was observed in Jungle (23
morphogenera), followed by Agroforesty (19 morphogenera) and Pasture field with the
same number that Maize field {16 morphogenera). The highest Simpson’s Diversity Index
was obtained from Jungle (0.85), being significantly different (Tukey, 0=0.01) to the
index from Pasture field (0.74), but not in comparisen with Agroforesty and Maize field
{0.82 and 0.81, respectively). For Shannon’s Diversity Index, i Jungle the highest value
was observed (2.41), significantly higher (Tukey, «=0.01) to Pasture field (1.92) and
Maize field (2.12), but not in comparison with Agroforesty (2.20).

About Soil Disturbance level, the following indirect parameters for evaluating it were
considered: total number of individuals of Dorylaimida and Mononchida Orders, both
very sensitive groups against any disturbance level, and total number of Bacterial feeders,
a colonizer group which usually is numerous in environments with high disturbance
grade. The highest quantity of individuals of Dorylaimida Order in 300 cm’ of soil was
found in Jungle (53) and Pasture field (54); respect to the number of individuals of
Mononchida Order in 300 cm® of soil, in Jungle thirteen individuals were found, a
number twice higher than in Agroforesty and Maize field, and six times higher than
Pasture field. In the case of Bactertal feeders, the higher quantity was present in Pasture
field (100 in 300 cm’ of soil), 30% more than in Jungle and approximately twice that jn
Agroforesty and Maize field.

More indexes related with Soil Disturbance (Maturity Index, Trophic Diversity Index,
Plant Parasitic Index, etc.) will be estimated. In a preliminary way 1t’s observed that the
highest Morphogenera’s Richness and Diversity of nematodes correspond to the Jungle,
as well as the highest quantities of sensitive individuals to disturbance; these results
indicate that disturbance level in soil of this system is such that allows the presence of
these groups of nematodes (low disturbance). In opposite of Jungle, in Pasture field the
Morphogenera’s Richness was lowest as well as respective Diversity Indexes, in spite of a
high abundance of individuals; moreover, Mononchids group (sensitive to disturbance)
showed very low values while Bacterial feeders (colonizers of disturbed environments)
were more abundant in Pasture field than in the rest of Jand uses.

4. Sampling of the mesofauna of Sierra de Santa Marta in Los Tuxtlas
i Veracruz, México

Isabelle Barois, Martin de los Santos, Antonio Angeles, José Antonio Garcia and Patricia
Rojas.
Instituto de Ecologia A.C, Xalapa Ver.

Abstract

The sampling of Mesofauna was performed in February and March 2005. The sampling
was carried out in 3 sites or windows {Lopez Mateos, San Fermnando and Venustiano
Carranza ) on the slopes of The Santa Marta Volcano in the biosphere reserve of Los
Tuxtias. In each sites 4 {and uses (forest, agroforestry, pasture and Maize) were sampled.
At least 5 samples were taken in each iand use; per site we have 24 samples. The
sampling points were decided following the previous ant sampling in December 2003 and
the recommendations that came from the pilot analysis of this anterior sampling

The sampling methodology and extraction of soil mesofauna used is the one
recommended by Franklin and Morais for the BGBD project, although few modifications
to this protocol were made. For collecting the sub-samples of litter and soil we used a
cylinder of a 5 cm diameter and a 5 cm height. Per point we took 8 sub-samples (that we
mixed; per point we required 3 fuanels, i for the litter and the2 others for the soil, per
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window we settled 72 funnels. The Berlese-Tullgren funnel was home made with kitchen
sieves (20cm diam., [} cm depth), an additional sieve of 1.5 mm mesh size and black
plastic material. During 5 days we left the Berlese and samples with electric light, the
mesofauna was collected in formol at 5%. All the samples before their separation into
Collembola and Acari mainly are being transferred to alcohol at 70%. For the
identification up to now we have the possibility to collaborate with two persons Jose
Antonio Gomez (Collembola, INECOL) and Jose Palacios (QOribatids, UNAM).

5. Effects of land use change on the diversity and abundance of soil
nematodes in the Mabira forest ecosystem of Uganda

"Josephine M. Namaganda, *Gertrude Nabulya, *Dick N. Bafokuzara and *Geoffrey
Lamtoo

Abstract

Different land use types may favour different nematode feeding habits, thus affecting
nematode diversity, while land use intensity may affect abundance of the nematodes.
However, no such information is available for any of the Ugandan ecosystems. This study
was, therefore, conducted 1o establish the diversity and the effect of land use intensity on
the abundance of the soil nematode community in the Mabira Forest ecosystem in
Uganda.

Soil samples were collected from the 16 points each of the six windows established in
Mabira Forest ecosystem for the study of belowground biodiversity. Soil samples were
taken from 4 points along the circumference of an inner circle of 3 m radius and 8 from
an outer circle of a radius of 6 m, at a depth of 0 - 20 cm and transported immediately to
the laboratory where they were kept in a refrigerator at 7°C. Sampling was done during
second rainy seasons in 2003 and 2004.

Nematode extraction from samples was done by centrifugation method prescribed by the
conservation and sustainable management of belowground biodiversity project. The
supernatant containing nematodes was decanted and washed through 250 and 38um
aperture sieves. The nematodes were washed off the 38um aperture sieve and the
suspension collected in two 50 ml centrifuge tubes, which were spun at 3500 rpm for 5
minutes. The supematant was discarded and replaced with sucrose solution (456g/1) and
spun at 1000 rpm for 2 minutes. The supernatant was washed through the 38pm aperture
sieve from which the nematodes were collected.

Nematodes identification and counting was done from 5 ml aliquots using dissecting and
compound stereomicroscopes. Nematode counts were standardised to 1 kg of soil. The
encountered nematode genera were categorized by feeding types (Yeates e al, 1993) and
mean nematode diversity and abundance calculated for each land use type as defined as
follows by the country team namely; strict nature reserve forest, low impact production
forest, secondary forest, grassland under grazing, fallow area grazed, agro-forestry,
multiple cropping, tea plantation and sugarcane plantation.

Nematodes belonging to 20 genera were identified in a study to establish the diversity and
the effect of land use intensity on the abundance of the soil nematode community in the
Mabira Forest ecosystem in Uganda. The majority of nematodes encountered are plant
feeders belonging to the genera Meloidogyne, Rotylenchulus Pratylenchus,
Helicotylenchus, Hoplolaimus, Rotylenchus, Scutelionema, Hemicriconemoides,
Hemicycliophora, Xiphinema, Longidorus, and Trophurus. Others include Aglenchus and
Aphelenchus, which are epidermal or root hair feeders, and Acrobeloides, Alaimus,
Cephalobus, Rhabditis which are bacterial feeders. Meloidogyne, Rotylenchulus,
Helicotylenchus and Scutellonema were the most frequently encountered nematode
genera. In addition, two nematode families were recorded in the case where the specimens
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were identified only up to family level. There were also some nematodes, which were not
identified at all but were recorded as unidentified non-plant parasitic nematedes.

The highest nematode diversity was observed in the strict nature reserve forest (least
disturbed land use type) while the highest nematode abundance was recorded in
sugarcane plantation (most disturbed land use type). However, the trends were not very
clear in the rest of the land uses. The most commonly encountered nematode genera were
Meloidogyne, Rotylenchulus, Helicotylenchus and Scutellonema, all of which are plant
feeders. The reason for this observation could be because crop husbandry has been
assoclated with this forest ecosystem and plant feeders fend to multiply rapidly under
continued cropping. In addition, these nematode genera have a wide range of plant hosts.
However, these observations are not conclusive. More data are being analysed which
could reveal more trends.

6 Inventory of mesofauna in different land use systems in the Nilgiri and
Nanda Devi Biosphere Reserve in India

R V. Varma, B.K. Senapati, N.G. Kumar and R K. Maikhuri

Kerala Forest Research Institute, Peechi, India
Sambalpur University, Jyotivihar, India
University of Agriculwral Sciences, Bangalore, India
G.B. Pant Institute of Himalayan Environment and Development, Srinagar (Garhwal), India

introduction

Among the soil organisms, the mesofauna comprises nematodes and
microarthropods like acarina, collembola, protura and diplura. The classical role of the
sot! faunal elements is in the breakdown of dead plants and animals, which are returned to
the soil, thereby improving the quality of the soil. Numerous studies have shown that
agricultural management decreases soil biodiversity and alters the structure of soil
biclogical communities compared to natural forests or grassland ecosystems. These
changes can be attributed to at least three factors commonly associated with agricultural
intensification. It is widely accepted that conversion of native forest or grassland systems
to arable cropping results in a decline in soil biodiversity. By its very nature, agricultural
intensification seeks to lower plant diversity in exchange for maximizing the primary
preductivity of selected crops. Nematodes are found at places with: sufficient moisture and
among them are found both parasitic and free living forms. The free-living nematodes are
maostly microbivores whereas the parasitic nematodes attack a wide variety of plants and
animals. The saprobic nematodes play a key role in nutrient cycling in soil and aquatic
environments. There is also evidence that nematodes may play a role in determining the
bacterial population in some soils.

Collembolans are generally found in damp places. Majority is saprophytic, but some are
phytophagous. A few are recorded as pests of plants. They are known to exist in high
altitudes and it is recorded that collembolans flourish well at 6000 m high in the Western
Himalayas where no other insects are noticed (Nayar ef af, 1976). Collembolans
influence the process of decomposition in soil. They are the most abundant group in the
soil { Ananthakrisnan, 1996). Mites are predaceous, parasitic or scavengers. They are
present in almost every habitat suitable for animal life. They have got significant role in
the food chain.

The present study was taken up to generate the baseline inventory of
belowground biodiversity in relation to different land use systems and the data on
mesofauna are provided. The major groups included are nematodes, Collembolans, Mites,
Protura, and Diplura. In the absence of species level identification, diversity indices were
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Sampiing and extraction of mesofauna

Soil samples were brought to laboratory for the extraction of mesofaunal
elements. Tullgren Funnel extraction method was followed for the extraction. The funnels
containing soil was illuminated with an electric bulb of power 60W.

The nematodes extraction was carried out by sieving and sugar centrifugation
procedure suggested by TSBF. But in Kerala part of Nilgiri Biosphere Reserve (NBR
window 2) nematode extraction was carried out by water migration technique. In the
water extraction method, known quantity of soil was placed over a filter paper placed
above the wire gauze. This was kept above a petri plate with water in such a way that, the
bottom of the gauze with soil just touches the water column. This was kept undisturbed
overnight, and the nematodes, which migrate from soil to water, were collected. The
number of nematodes per volume of soil was obtained.

Results

Nilgiri Biosphere Reserve — Karnataka part (NBR window 1)

The higher abundance of litter mesofauna was noticed in Paddy ecosystem during
February 2004, This was followed by Cardamom plantation. The invertebrate’s
population in Paddy litter was significantly higher compared to the population in Coffee,
Grassland, Natural forest and Acacia litter (Table 1).

During November 2004, the Grassland showed the maximum relative abundance of
mesofauna and the minimum was recorded in Acacia (Table 3). The probable reason
could be that the invertebrates in general do not prefer the litter of Acacia.

Table 1. Relative abundance of litter invertebrates in different ecosystems (Feb.

04
')l'ypc Acacia Cardamom Coffee Grassland  Paddy N. Forest
Acari | 51.62 43.68_ 28.3§ 52_60 85.86 53.84 —
Insects 45.15 49.14 57.33 42.00 13.94 32.06
Non-insects 3.23 7.18 14.29 6.00 0.20 14.10

Table 2. Relative abundance of litter invertebrates in different ecosystems (Nov.
04)

Type Acacia  Cardamom  Coffee Grassland Paddy N. Forest
Acari 67.57 79.69 66.98 80.82 81.76 75.28
Insects 30.63 18.66 31.52 17.62 16.87 2231
Non-insects 1.80 £.65 1.50 1.56 1.37 241

The soil mesofaunal abundance was maximum in Cardamom plantation and minimum in
Grassland during February 2004. The former land use system harboured significant
higher invertebrates compared to Grassland, Paddy and Acacia land use. Natural forest
soil provided significantly good habitat for soil invertebrates compared to Acacia and
Grassland. The Grassland also registered highest relative abundance of soil mesofauna
during November 2004. The lowest relative abundance of mesofauna was noticed in the
Cardamom and Paddy.

The presence of nematodes was noticed only in three land use systems viz., Natural forest
{86.66 /200 g), Cardamom plantation (41.53 /200 g) and Paddy (32.50/ 200g) during
February 2004. Absence of nematodes in other land use systems may be due to less
motisture content in the soil during the observation period. The soil samples were also
analysed for nematodes during November 2004, However, nematodes were not present in
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these samples. This may be due to long preservation of soil samples (25-30 days) in the
refrigerated conditions before extraction of nematodes.

Nilgiri Biosphere Reserve — Kerala part (NBR window 2)

The abundance of the mesofaunal elements, except nematodes is represented in the table
below. Diplura showed highest numerical abundance in Mixed garden {OG} whereas they
were totally absent in the Degraded forests (DF) and were very meagre in Moist
Deciduous Forest (MDF) and Coconut mixed with other tree crops (CM). Other land use
systems showed moderate number of Diplura. Rubber plantations (RU) showed the
highest number of Protura and were totally absent in Cashew (CA) and Coconut mixed
with other tree crops (CM).

Table 3. Abundance of different mesofaunal elements (Number/m’)

SI.No.  Landuse Diplura  Protura  Collem- Mites

type ) ~_bola
] AM 3869 1179 1365 11588
2 AR 2731 1214 4856 8094
3 AV 3642 1571 393 10015
4 CA 2731 0 1305 2597
5 CM 122 0 122 5918
6 CO 2731 455 455 455
7 DF 0 910 455 5952
8 HG 2913 910 546 7648
9 OG 8194 182 274 7466
10 PA 2731 1360 0 4007
1! RU 2731 4097 1821 5488
12 TE 1214 1214 607 4249
13 TE (KFD) 2731 455 0 3742
14 MDF 303 910 303 6069
15 SEF 1715 980 245 1470
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Figure 1. Numerical abundance of nematodes in soil at various depths in NBR window 2
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Collembolans were totally absent in Annual Cropping System (PA) and Monoculture
Forest Teak plantations (TE) but showed maximum abundance in Arecanut plantations.
All other land use systems showed moderate abundance of Collembolans. Mites were the
most abundant group among the mesofauna and were present in all land use systems. [t
showed highest number in Arecanut (AR) and lowest in Coconut plantations {(CO). All
other land use systems showed more or less the same trend with regard to the abundance
of Mites,

The nematode abundance in different layers of soil was found significantly different from
each other. In most of the land use systems, the first layer of soil (0-10 cm) was found to
have the highest number of nematodes. Variation in the moisture content of different soil
layers must be contributing to the difference in nematode abundance in the different soil
layers (Figure 1).

3.3. Nanda Devi Biosphere Reserve

Relative proportion of different microarthropod groups in litter component of different
tand uses indicate that mites constituted the most dominant group of microarthropods
associated with litter on all sites. Collembola was the second most dominant group in
rainfed and irrigated agro-ecosystem land use and diplura, the third most dominant group
in these land uses. In Oak forest and pine forest diplura was the second most abundant
group followed by collembola. Pine forest microarthropod group was represented
exclusively by mites. Oak forest lacked collembolan and diplura. Rainfed and irrigated
agriculture land lacked microscopic ants and diplura.

With respect to total population (soil + litter), mites were the most dominant group in all
sites but the degree of dominance varied. They contributed 97% of total individuals in
pine forest followed by 79% in oak forest, 75% in rainfed agricutture, 65% in
homegarden and 54% in irrigated agriculture land use. Total population of all
microarthropods varied from 560 individuals m-2 in pine forest land use to 1231
Individuals m-2 in Homegarden. Differences between sites were more marked in
population size of individual groups as compared to the total population considering ail
groups together.

The abundance of collembola was more in Rainfed agriculture and Irrigated agricultures
(>170 individualsm-2) compared to Oak forest and Pine forest (total population <10
individuals m-2). Litter population was much smaller than the soil population size (Figure
2)

Cellembola (Individualsim )
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450 - 7 Figure 2. Absolute abundance
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uses during post monsoon
| period (October) at lower
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The abundance of protura was
higher in Oak forest, Rainfed agriculture and Irrigated agriculture compared to the Pine
forest. Relative proportion of population in soil and litter varied across sites. Pine forest
showed absence of protura in soil and they were also absent in Qak forest litter.
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Diplura was found enly in litter in all land uses except Homegardens (HG). Rainfed
agriculture and Oak forest showed population abundance compared to lrrigated
agriculture and Pine forest land use systems (Figure 3).
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Figure 3. Al:w-;(')luterél_aﬁndajn;;e of Dlplura in Eifféreﬁt land uses Eu;ng p-oé;rti hohsoon
period (October) at lower elevation in Himalaya

Mites showed maximum number in ail the land use systems and were present both in
litter and in soil. Rainfed agricultural land showed higher population compared to other
land use systems. The population of mites was more in soil (>80%).

Nematode abundance in 0-10 cm s0il layer was significantly higher than that in
10-20 cm layer in all land use systems, but the rate of decline differed between species.
The steepest decline was observed in Homegardens. The trend in abundance in 0-10 cm
layer was Irigated agriculture > Rainfed agriculture > Abandoned agriculture >

Homegarden > Scrubland > Pine forest > Qak forest. In case of 10-20 cm layer, the forest

sties had significantly lower abundance as compared to agriculturzl lands and scrubland
{Table 9). When the data of the two depths were pooled, it was observed that nematode
density was highest in [rrigated agriculture, Rainfed agriculture and Abandoned
agricultural land and the lowest in forests while Scrubland and Homegardens showed
intermediate values (Figure 7).

Table 4. Nematode density (individuals/100 g soil) in different land uses during post
monsoon period (October) at [ower elevations in Himalaya

Land use 0-10 cm 10-20 cm

QOak Forest (OF) 18133 +73.07 9733 +67.87
Pine Forest (PF) 158.66 +54.55 72.00 +10.05
Home Garden (HG)  250.66 +97.76 78.67 +2.66
Irrigated Agriculture

Land (IA) 349.33 +105.68 198.67 +89.33
Rainfed Agriculture

Land (RA) 306.66 +156.76 146.67 +48.77
Abandoned

Agriculture Land

(AA) 34933 +7.41 162.67 +49.37
Scrub Land (SL) 248.00 +116.00 101.33 +23.69
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7. 'Response of the Nematode Communities to Different Land-Use Systems
in the Upper Solimées river, Benjamin Constant (Amazonas, Brazil).

Cares’. J. E., Huang, 8. P. (in memoriam} & Andrade™, E. P.
'CSM-BGBD Project co-funded by UNEP and GEF; *Universidade de Brasilia, Instituto de
Ciéncias Biologicas, Dep. de Fitopatologia, C. Postal 4457, 70904-970, Brasilia, DF, Brazil. E-
mail: caresii unb.br.

Abstract
The objective of this work was to evaluate response of the nematode communities in soils

under different management systems, in the municipality of Benjamin Constant, region of
upper Solimdes River, State of Amazonas, Brazil.

During March, 2004, 97 soil samples had been collected from six sampling windows
under a variety of land use systems. Windows [ and Il were placed at the Community of
Guanabara II, windows Iil, IV and V at the Community of Nova Alianga, and window VI,
nearby the tows of Benjamin Constant. Fifteen samples were collected from forest, 41
from free fallow, 9 from home gardening (mixed perennial and annual crops), 19 from
monocrops (banana, cassava or maize) and [3 from pasture grasses.

Complete methodology set applied to this work is in accordance with the CSM-BGBD
protocol for nematodes. Each window was previously marked with cross lines in a grid
system with quadrants of 100 x 100 m. Each soil sample was collected, in a point of
crossing lines. One sample was composed with twelve soil cores, from zero to 20 cm deep
(four equidistant soil cores on a circle of 3 m radius, and eight other cores on a concentric
circle of 6 m radius). Nematodes were extracted from 300 cc of soil, by combined
techniques of sieving and sugar solution centrifugation, fixed in 3% formalin, counted
and infiltrated with glycerin. Permanent slide mounts were prepared with 100 nematodes
randomly picked for identification to the genus level. The identified nematode counts
from each sample were converted into ecological measures such as abundance, diversity
and disturbance indices.

A total of 82 genera belonging to 36 families were identified. Preliminary analyses
indicate highest nematode abundance in pasture. The highest values for genus richness
were recorded for forest and home gardening systems. For the other diversity indices
(Shannon, Simpson and their evenness indices) no significant differences were observed
between systems. Trophic diversity was higher in forest as compared with the other
systems. Fungivores were more abundant in forest, contrarily the plant parasites were less
abundant in Forest and more abundant in monocrop systems. As the plant parasitic
nematodes, the bacteriovores were in higher numbers in monocrops. Higher values of
maturity index (MI) were from free fallow and forest plots, while for the plant parasite
index (PP}, monocrops and home gardening scored highest. Principal component
analyses taking in account total diversity of the nematode communities clearly placed
forest and pastures systerns in opposite positions, with the other land-use systems (free
fallow, home gardening and monocrops) in an intermediary position.

Although, more analyses are still underway, the nematode community reflected
differences between land-use systems in a way to establish a gradient according to land-
use intensity, considering the forest system as a reference.

8. Density and diversity of soil meso-invertebrates in different land use
systems, in Alto Solimoes, Amazonas, Brazil

José Wellington de Morais & Sandra Celia Tapia-Coral

Instituto Nacional de Pesquisas da Amazdnia, Coordenagdo de Pesquisas em Entomologia,
INPA/CPEN. Caixa Postal 478, Petropolis.69011-970. Manaus AM. Brasil
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Abstract

The goal of this work 15 to study the density and diversity of soil meso-invertebrates in
different land use systems at Alto SolimBes, Amazonas State, Brazil. To collect the
samples we used a 3,5 x 3,5 x 10 ¢m metal core introduced 5 ¢cm into the soil from the
surface. We collected 3 samples composted of 4 sub-samples each in 101 collect points.
The samples were carried to the laboratory where the meso-invertebrates were extracted
using Berlese-Tullgren method. The sample distribution in the different land use systems
was the following: forest, young secondary forest, old secondary forest, agroforestry, crop
and pasture.

The largest diversity has been found in young secondary forest (25 groups) followed by
crop (23 groups), pasture (20 groups), old secondary forest {18 groups), agro-forestry (15
groups) and forest (14 groups). The mean density of meso-invertebrates was significantly
different between the systems, being largest in pasture (291 ind.m™), followed by
agroforestry (287 ind.m™), old secondary forest (263 ind.m™), young secondary forest
(239 ind.m™), crop (193 ind.m™) and forest (132 ind.m™). The higher density in pasture
was caused by the presence of Acari Oribatida (181 ind.m™), which was significantly
different between the systems. Immature Coleoptera and larvae were different and higher
n the young secondary forest. Collembola were afso different between systems, more
numerous in the forest than in the others land use systems. The results showed a largest
density of soil meso-invertebrates in pasture and largest dominance of Acari Oribatida
which intensifies the information that mites can adapt more easily to environmental
perturbation that others groups of meso-invertebrates.

9. Effects of various land uses on nematode communities in Cdte d'lvoire

GNONHOURI G. P!, NANDJUIL P, ADIKO A'

'Centre National de Recherche Agronomique 01 BP 1740 Abidjan 01, gnonphil@yahoo.fr
*UFR des Sciences de la Nature / Université d’ Abobo Adjamé 02 BP 801 Abidjan 02

Keywords: Cdte d’lvoire, nematode diversity, land-use types.

Abstract

In the Centre-West of Cote d’Ivoire, a grid system covering different ecosystems (primary
and secondary forests, tree plantations, fallows, perennial and mixed food crops) was used
to assess the effect of land uses on nematode communities. One hundred and seven
sampling points and 8 main land uses were identified. For each land use, 8 points were
randomly selected for soil sampling. At each sample point, two concentric circles with 3
and 6 m radius respectively were drawn. Four and 8 soil cores were taken with a drill, on
the inner and the outer circles respectively at 20 cm depth. Results showed that, free-
living nematodes were abundant and represented more than 60 % of the community.
Concerning parasitic nematodes, species diversity was greater in fores! and perennial
crops than in mixed food crops and fallows. This diversity was well described using
Shannon and Simpson indexes which detected consistent differences (p<0,05) between

land uses.
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1. Leguminosae nodulating bacteria in 4 land uses from Santa Marta Los
Tuxtlas, Mexico

Esperanza Martinez, Lourdes Lloret, Pablo Vinuesa, Aline Lopez y Julio Martinez

Centro de Ciencias Genomicas UNAM, Cuernavaca Morelos

Abstract

Soils from four land use systems have been analyzed to evaluate the effects of different
managements on rhizobia diversity. Around 1,200 rhizobial isolates have been recovered
from Macroptilum atropurpureum, Vigna unguiculata and Phaseolus vulgaris used as
plant traps and we are in the process of isolating more bacteria with these hosts from new
soil samples obtained last month. Bacteria have been grouped by ERIC-PCR profiles and
by sequence of 16S rRNA genes or dnaK genes for Bradyrhizobium. Bradyrhizobium spp.
were predominant in Macroptifum atropurpureum and Rhizobium species in Phaseolus
nodules. Rhizobium etli is a marker species of agricultural use in fields where the main
crop is maize in association with bean or other plants. Sinorhizobum americanum that
normally nodulates Acacia spp. legume trees was found in cropping areas. Bradyrhizobia
from the rain forest were recovered from maize fields or pastures and this may be in
relation to their long survival in soils even without their host legumes. Bradyrhizobium
yuanmingense strains were found both as forest, deforested areas and pastures; B. elkanii
strains were found at the four land use systems and strains of B. betae were found in
pastures and deforested areas.

2. Land Use and Diversity of Arbuscular Mycormrhizal Fungi in Mexican
Tropical Ecosystems

Varela, L', D. Trejo’, F.J. Alvarez’, I Barois*, E. Amora-Lazcano®, P. Guadarramd’, L.
Lard’, D. Olivera’, I Sdnchez-Gallén’, W. Sangabriel’, R Zulueta’

'Hongos y Derivados S.A, “Universidad Veracruzana, °Facultad de Ciencias,
Universidad Nacional Auténoma de México, “Instituto de Ecolcgia A C, ® Instituto
Politécnico Nacional México

Abstract
Three field sites (windows) were studied according to disturbance gradient: Lopez Mateos
(LM) (75% of forest cover), San Fernando (SF)(50% forest cover) and Venustiano
Carranza (VC) (25 % forest cover). They are focated in the Reserva de la Biosfera de Los
Tuxtlas, Veracruz. The use of the soil in each window includes tropical rain forest,
“acahual" (secondary forest), "milpa” (policultures with maiz) and pasture. Soil samples
(five replicates per land use per site; plot size ~ 114 m” were taken in December 2003
and January 2004, This date correspond to the end of the rainy season in the region. In
each plot sixteen core samples were taken up at 20 cm depth by using a soil core. The soil
of the sixteen samples was carefully ground by hand and mixed. Each composite sample
was kept in plastic bags and stored for 0 - 4 months at 4 °C temperature. Spores were
separated from 100 g of s0il by wet steving and decanting (Gerdeman and Nicholson
1963). Each swirling soil suspension was poured through two mesh sieves, 700 and 45
pm. The sediment was resuspended in water and resieved. This process was done 3 times.
Soil caught in the small sieve was transferred with water into 50 m! centrifuge tubes and
centrifuged for 5 minutes at 1800 rpm. The supernatant liquid was carefully decanted, the
pellet resuspended in a sucrose solution (440 g L) and centrifuged at 1800 rpm for 10
seconds. The supematant was sieved (45 um) and washed thoroughly at least one minute.
The solid material from the sieve was washed in a Petri dish. Spores were collected under
a dissecting microscope, using ultra-fine forceps or glass micropipettes. Spores were
mounted with Polyvynyl alcohol-lacto-Glycerol on slides marked with a grid. Spores
were counted at a compound microscope at magnification up to 10x. ldentifications were
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based in current descriptions, identification manuals and [nternationat Culture Collection
of arbuscular mycorrhizae fungi (AMF)

(http:/invam.caf wvu.edu/Mve_Info/Taxonomy . species.html). The abundance of
spores was determined for each sample and expressed as the number of spores per 100 g
of dry soil. For every AMF species, land use and site, abundance relative and spore
number were counted. AMF diversity was calculated using the Shannon (H’) and
Simpson (S) index; evenness (J) was also measured .In total 45 morphospecies could be
distinguished on the basis of morphological criteria. Twenty one species were identified
as Glomeraceae, 21 as Acaulosporaceae (twenty of them were in the genus Acaulospora
and one was in the genus Entrophospora) and 3 species as Gigasporaceae (two in the
genus Scutellospora and one in the genus Gigaspora). The abundance of spores was
higher for the acahual in SF and VC (1044 y 679 spores in 100g of soil, respectively); in
LM lowest values were observed (46 spores in 100g of soil). Forest sites were the next
according to abundance values with 522 and 451 spores (in 100 g of soil, respectively);
LM had the lowest values again .Richness had the highest values in SF, no matter tand
use. There were not significant differences between land uses, and there were significant
differences between sites. Highest H values were observed in acahual land use for LM
window, and lower were in VC pasture. This is according 1o Connel’s disturbance
hypothesis, which highest diversity values are observed in the previous steps to the end of
suceession.

3. The Diversity of Rhizobia under Different Land Uses System in Lampung

R DM Simanungkalit' and Agus Karyanto®

'Research Institute for Foodcrop Biotechnology, Jin. Tentara Pelajar 26 Bogor 16114, Indonesia
e-mail; robertdms(@vahoo.com
*Faculty of Agriculture, University of Lampung, Ji. Sumantri Brojonegoro 1, Bandar Lampung
35145, Indonesia, e-mail; agsknilai vahoo.com

Keywords: rhizobia, MPN, siratro, Vigna, Lampung

Abstract
Forest conversion into agricultural fand may alter soil fauna’s life, i.e. the abundance and

diversity of micro-organisms such as rhizobia. The aim of the study was to elucidate the
occurrence and enumeration of rhizobia and identify them as affected by land use change.
Rhizobia were collected from soil core sampling of seven land uses in Sumberjaya,
Lampung Indonesia. The presence of rhizobia was detected with two host plant, sorghum
and yard-long bean. Populations of rhizobia were estimated by the Most Probable
Number method. Harvested nodules were then crushed and cultured on Congo red YMA
medium. The characters observed include growth rate (time of appearance of isolated
colonies = TAIC), the extent of extra cellular polysaccharide deposition, colony shape
and colony colour, and texture. The resuit indicated that MPN of rhizobia was not
significantly different among land uses, although coffee shaded (TBLI) had slightly
highest MPN number (7.78 cell g”' soil). Land intensification tended to increase the
nodulation in both siratro and Vigna; sample from forests did not nodulate in siratro.
[solate number was no correlated with nodule number, and this indicated that rhizobia
diversity was not directly related to nodule abundance. A total 121 isolates were collected
from siratro and 228 from Vigna. The implementation of PCR methods, which
unfortunately is still underway, is intended to further characterize the isolate and name the
rhizobia down to species level.
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4. Characterization of Phaseolus vulgaris, Glycine max and Macropfilium
atra purpureum nodulating bacteria under different land uses in Mabira
Forest, Uganda

M.C. Rwakaikara-Silver, J.D. Zawedde, C. L. Kizza, G. Lamico and J M.N. Okwakol

Abstract

Several factors including land use intensification impact on the populations and diversity
of soil and fauna including legume nodulating bacteria (LNB). However, often the
magnitude of the effect is unknown. Yet LNB significantly contribute to N additions in
both natural and agro-ecosystems; particularly in tropical low in put production systems
typical of Mabira Forest. Thus the thrust of this study was to determine shifts in
populations and diversity of LNB in Mabira forest and adjacent derived areas following
land use changes/ intensification.

Phaseolus vulgaris beans variety K132, Glycine max soybean variety NAM2 and
Macroptilium atrapurpureum, siratro as trap hosts were used to determine LNB
populations and establish the level of diversity. Genera level identification was
accomplished by obtaining isolates from the trap nodules based on their reaction on Yeast
Extract Mannito! Agar (YEMA) plus Bromothymol Blue {(BTB) indicator medium.
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5. impact of Land use change on the Diversity and Abundance of
Mycorrhiza in Mabira forest ecosystem, Uganda '

S.Serani" G.J Mutumba’, H Kiryose® J Lamtoo” and M.Okwakol’

! Botany Department, Makerere University, P.O.Box 7062, Kampala Uganda, Tel: 256 71 §69098.
E mail: serasnfed vahoo.com
2 Botany Department, Makerere University, P.0.Box 7062, Kampala Uganda
TMakercre University, P.O.Box 7062, Kampala- Uganda. Tel: 256 (41) 530135, Mobile: 077
395186. E-mail: glamtoo@muienr.com
*Department of zoology, Makerere University, P.0.Box 7062 Kampala-Uganda. Tel: 256
4153177617, Fax: 25641530134, Mobile: 25677409735, E-mail: mokwakol@ryahoo.com

Abstract
It is evident that arbascular mycorrhiza fungi (AMF) are crucial for the functioning of

terrestrial ecosystems. Modem intensive farming practices are a threat for AMF and their
abundance and effectiveness with respect to root colonization, the result of which plant
growth is declining upon agricultural intensification (Fritz, Ewald ,Kurt, Paul, Thomas
and Andres, 2003). It is therefore important to determine the factors which affect their
abundance and diversity in the ecosystem.

The impact of land use change on the diversity and abundance of arbuscular mycorrhiza
fungi {AMF) was investigated in the tropical Mabira forest benchmark site located 20 ki
from north of the lake Victoria shoreline in Central Uganda. The six windows selected
cover parts of the forest and agricultural land near the forest. The area studied was
classified into ¢ land use types which include; strict nature reserve, low impact production
forests, secondary forest, grasstand under grazing, fallow area grazed, agro forestry,
multiple cropping, tea plantation and sugarcane. The purpose was to assess the impact of
land use change on the diversity and abundance of mycorrhiza along land use
intensification gradient from forests to agricultura! land.

Representative soil samples including roots were taken from a total of 96 sampling points
in the six windows following the standard sampling protocol. At each point was made 12
augers of soil of 20cm deep which was bulked and a subsample taken. Spore extraction
from the field soils was done following Gerdemann and Nicolson (1963) method. The
AMF spores present were morphologically identified and counted. The roots were
separated and treated for AMF colonization according to the method given by Giovannetii
and Mosse 1980). The same soil samples also served as inoculums for determining most
probable number of infective propagules (MPN) using the method given by Porter (1979)
using onion seedlings. The method for trap cultures is to be done using a mixture of
sorghum and cowpeas as suggested by Bagyaraj (1992).
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The data generated gave a comparison between fand use types and windows in relation to
AMEF diversity, abundance and root colonization based on field soils. Analysis of soils,
revealed a high number of AMF spores in tea plantation and multiple cropping, and least
in sugarcane plantation. The spore genera represented in all land uses include;
Scutellospora, Glomus, Gigaspora, Acaulospora and Enfrophospora. The commonest
genera were Glomus, Acaulospora and Scutellospora. The rate of root colonisation was
found highest in multiple cropping and least in sugarcane. It was observed that AMF
abundance and diversity varied with change in land use. Tea plantation was significantly
different from all the other land uses by having high AM fungi abundance. Sugarcane
land use was significantly different from the others; it gave the least spore abundance.
Mean diversity also showed significant differences between land uses with the highest
diversity in grassland grazed and lower in secondary forest, low impact production forest
and strict nature reserve. The abundance and diversity of AM fungi in the six windows
was compared using Duncan’s multiple range Test. This revealed significant differences
between the windows (CV for abundance = 38.2 and for diversity = 14.5). Using the
Pearson’s correlation coefficients, there was a positive relationship between spore
abundance, diversity and root colonization. This implies that increase in spore abundance
may affect increase in AMF diversity and percentage root colonization. There was no
significant difference between AMF diversity and land use types.

[t appeared some AMF genera were to be found at virtually all the sampling points. The
dominant genera in all the tand uses were dcaulospora, Scuttelospora and Gigaspora
while least was Paraglomus. The land use types with low

Intensification had unexpectedly low AMF abundance as observed in strict nature reserve
and low impact forest. The spore genera in the different land use types were counted and
their differences determined using SAS statistical package

The percentage root colonization on the roots obtained from the field soils were compared
for the different land use types and land use intensification. A different trend was
observed compared to what was found in AM fungi abundance. The tea plantation, fallow
area under grazed land and multiple cropping had a higher root infection than the others
while sugarcane plantation still had a low percentage of root infection

The differences in diversity within land use could be explained by the ecological
conditions at the time of sampling. Some of the odd observations were areas affected by
charcoal buming and high input of fertilizers.

The dominance of Acaulospora, Glomus and Scutellispora in all the land use types is of
significant importance in the ecosystem maintenance and plant growth. Since AMF spore
formation is known to be highly variabie, depending on species type (some species may
not form spores at all), host plants, seasons of the year, and other environmental factors
(Bever, Schultz, Pringle and Morton, 2001), the actual conclusions can not be based on
only the spore morph types from field soils. Results from trap cultures and determination
of MPN will be more conclusive. It is not clear whether the increase in land use
intensification decreases mycorrhizal abundance and diversity in the soil. However,
farmer practices such as land conversions and agriculture intensification do not only
exhaust soil productivity but also influence life in the soil. This was clearly seen in
sugarcane plantation with significantly low levels of mycorrhiza.

6. Morphological diversity of AM fungi isolated from the TENE areain
~ Centre-West Cote d’lvoire

ZEZE Adolphe, Ouattara Brahima and Zabouo Armand

[nstitut National Polytechnique Félix Houphouét-Boigny (INP-HB), Département Agriculture et
Ressources Animales, B.P. 1313 Yamoussoukro, Cote d’Ivoire, Fax : (225) 30 64 17 49, E-mail:
zomure@yahoo.com
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Abstract

The morphological diversity of AM fungal spores originating from the TENE region in
Center-West Cote d’Ivoire was estimated using spore counting, color, shape and size as
criteria. Soils were sampled according to a land use classification comprising natural
forests, artificial forests and cultivated areas. Overall § land use sub-classes were used to
investigate spore composition and diversity according to these criteria. Presence or
absence of AM fungal spores in soils were investigated by wet sieving either 100g of field
soils or 100g of soils from pot culture using cowpea as trap plant. In general the trapping
strategy allowed us to recover a higher spore number in all the land classes analyzed.
Overall more spores were found in the forest area compared to the cultivated ones. Spore
with diverse sizes as well as diverse shapes were recovered either from field soiis or from
trapping system in all land sub-classes. At least 10 different spore types were observed in
terms of spore color. However, it was observed that the forest areas harbored a higher
diversity in terms of spore colors. The analysis showed that within a land class the criteria
used to classify the spores were more or less homogenous.

7. Investigation of Rhizobia Resources in the OUME region (Centre-West
Area of Céte d’Ivoire) :

ZEZE A', KONE K°, KIMOU 4’

"Institut National Polytechnique Félix Houphouét-Boigny (INP-HB)
Département Agriculture et Ressources Animales, BP 1313 Yamoussoukro
E-mail : zomure@yahoo.com
? Université d’ Abobo-Adjamé UFR des Sciences de la Nature 02 BP 801 Abidjan 02

Keywords: Céte d'Ivoire, rhizobia, investigation, Oumé.

Abstract

We have investigated presence of rthizobia in Oumé region in Centre-West of Céte
d’lvoire considering land use classification. Forty species of leguminous tree in both
forest and cultivated areas were identified. Mucuna pruriens, Cacia hirsuta, Acacia
pinata and Abrus cannescens were mostly found in the areas investigated. One thousand
rhizobia strains were isolated and purified directly from leguminous trees. Of those
strains, 650 were isolated from Mucana pruriens mostiy found in fallows. It was shown
that leguminous tree such as Acacia pinata found in the forest areas did not harbor
nodules at the period of investigation. In order to recover soil nodulating rhizobia, a
trapping system using cowpea as a trap plant was considered. Two thousand isolates were
isolated and cultured. These colonies were classified according to the growing rate. Both
slow-growing and fast growing colonies were identified. However intermediate growing
isolates were also found.

8 Assossment of diversity of legume nodulating bacteria (LNB) in Nllgm
and Nandadevi Biospheres of India

A. N. Balalrishna', M. Balasundaran®, R K. Singh’, R K. Maikhuri’, S. Shanker’,
Devyani Sen’, 8. Binisha® & A. Chandra’

'University of Agricultural Sciences, Bangalore, India
*Kerala Forest Research Institute, Peechi, India
*Benaras Hindu Unaiversity, Varanasi, India
*G.B. Pant Institute of Himalayan Environment and Development, Srinagar (Garhwal), india

Abstract
The work on belowground biodiversity of LNB was under taken with following
objectives: 1) Isofation of LNB from nodules of cowpea/other legumes used as trap plants
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and from wild legumes and 2) Morphological, physiological and molecular
characterization of diversity of LNB in Nilgiri Biosphere Reserve in the Western Ghats
and the Nanda Devi Biosphere Reserve in the Himalaya.

Methods

Nodules obtained either from nature or from legumes grown as trap plants were washed
thoroughly and surface sterilized with 1% sodium hypochlorite/0.1% HgCl,. These
nodules were subsequently washed by 5-6 changes of sterile distilled water. Sterilized
nodules were crushed in sterile tubes in a 0.5 ml of sterile water. A loopful culture was
streaked on Yeast Extract Mannitol Agar (YEMA) plate supplemented with Congo red
(dye) and incubated at 28°C for 2-4 days till the colonies appeared. Individual unstained
(white) colonies were isolated, transferred and maintained on YEMA slants.

Soil rhizobia were enumerated using most probable number (MPN) method through plant
infection test {Vincent, 1970). 100 gram of dry soil samples taken from each land use
were diluted from 10-1 to 10-6 as described in the Standard Methods for Assessment of
Soil Biodiversity and Land Use Practices and 1 ml from each difution was used to
inoculate cowpea (trap plant) seedlings grown in pouches/glass tubes supplemented by
nitrogen {Tee Jensen’s nutrient sojution. Based on the observations on presence or absence
of nodules in each dilution, the most probable number was calculated using MPN table
(Brockwell, 1963).

Isolates of Rhizobium were streaked on YEMA plates containing bromothymol blue for
testing acid/alkali production. Change of media color from green to yellow indicated acid
production and green to blue indicated alkali production. Visual observations were
recorded on time of appearance of colonies and slime production.

Results and Discussion

Isolation of Rhizobium was done from nodules collected from plants grown as trap plant
as well as those from legumes of selected wild legumes. it was done at all the three
windows and number of isolates maintained is given in table 1.

Tablel. Number of isolates of Rhizobium collected at two bench mark areas

Benchmark Area Number of isolates

From trap plant From field
NBR Window 1 53 -
NBR Window 2 29 144
Nandadevi 45 15

*NBR window | and 2 refer to Kamataka and Kerala part of Nilgiri Biosphere Reserve. Two
Windows were also attempted in Nanda Devi Biosphere, one in lower elevation zone. However,
LNB work was done only in lower elevation zone.

During the survey and collection of the nodules, the variety of leguminous plants both
wild and cultivated was identified. A list of such plant is given in table 2 that was helpful
in describing the rhizobial diversity.

Table 2. List of cultivated and wild legumes in two bench mark areas used for LNB

isolation
Location Name of the legumes
NBR Window | Mimosa sp., Desmodivm triflorum, Crotolaria sp.

Vigna unguiculata
NBR Window 2 Desmodium triflorum, D. gangeticum, D. triangulare,
Centrosoma pubescens, Mimosa pudica, Mucuma prurifa,
Vigna sp.,Calapagonium sp, Acacia sp., Abrus precatorius
Crotolaria quinguefolia, Tephrosia pupurea, Gliricidia sp
Nandadevi Cajanus cajan, Glycine max. Glyeine sp., Lens
esculenta, Macrotyloma uniflorum, Phaseolus vulgaris,
Pisum sativum, P. arvense, Vigna angularis,
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V.omungo, V. radiate, V. unguiculata, V. umbellate.

Results on enumeration of rhizobta is given in table 3 which indicates that highest
rhizobial population was present in managed plantation in NBR window 1 and 2, whereas
cropland showed maximum population of rhizobia in Nandadevi biosphere. However,
rhizobial population was highest in forest plantation in NBR window 1, followed by NBR
window 2 and lowest in Nanda Devi.

Table 3. Population of root nodulating bacteria (Rhizobium) in different land uses of
Nilgiri and Nanda Devi biospheres.

Average cells per g of soil

Land use NBR window 1 NBR Window 2 Nanda Devi
Natural Forest 1.75 x 107 32x 107 6.2 x 107
Plantation 35.0x 107 3.1x10° 4.7 x 10
Cropland 3.64 x 10 0.2 x 10° 7.8x 107
Plantation (managed)  68.14 x 107 3.4 x 107 2.6 x 10°

[solates of Rhizobium from different land uses and trap plants were characterized on the
basis of growth rate, acid/alkali production and slime production. In NBR window 1, out
of 53 isolates, 42 were slow growing and alkali producing but all were slime producing,
an unusual observation. In NBR window 2, all isofates grew fast, 63 isolates did not
produce slime and 61 isolates produced alkali in the medium. Usually fast growing strains
produce acid in the medium.

A total of 286 isolates from different land use types have been maintained. The rhizobial
population is low in both Biosphere Reserves (Benchmark sites). All
morphological/physiological types of Rhizobial occur in both reserves but fast growing
and slime producing ones dominate the population.

9. Dwersﬁy ofAM fungi across a gradient of land uses in Western Ghats ;
“and Nanda Devi biosphere

AN. Balakrishna, R K. Maikhuri and K. V. Sankaran

Universily of Agricultural Sciences, Bangalore, India
(.B. Pant Institute of Himalayan Environment and Development, Srinagar (Garhwal), India
Kerala Forest Research Institute, Peechi, India

Abstract

The aim of this study was to characterize the diversity of AM fungi in different land use
systems of the Nilgiri Biosphere Reserve in Westem Ghats and the Nanda Devi Biosphere
Reserve in the Himalayan region of India. Nilgiri biosphere is located in the Southern part
of India and experiences a warmer and more humid climate as compared to Nanda Devi
Biosphere reserve locaied in the northern part of India.

Soil samples from different grid points were collected during pre-monsoon season. These
soil samples were stored in a refrigerator at 5°C till the analysis is over. Further, whatever
the roots were present in the soil sample were collected for determining the percent root
colonization. The roots were stained with trypon blue as per the procedure given by
Philips and Hayman (1970), with modifications by Kormanik et al, (1980) for assessing
AM fungal colonization and observed under compound microscope.

Determination of the percent mycorrhizal colonization was carried ouf using the gridline
intersection method (Giovannetti and Mosse, 1980). Spores of AM fungi in soil were
estimated by wet sieving and decanting method (Gerdemann and Nicholson, 1963); The
number of infective propagules was estimated by the most probable number method
(Porter, 1979).
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Results from the Nilgiri Biosphere Reserve indicate that spore density | m Window 1 of the
Nilgiri Biosphere was 51gmfcantly higher in forest plantations (15.32 g’ sonl) and
grasslands/fallows (12 82 g"' soil) compared to managed pla_ntatlons (4.34 "' soil),

natural forests (4.02 g™ soil) and agricultural lands (3.60 g soil). In wmclow 2 of the
Nilgirt Biosphere, spore dens:ty was higher in forest plantatlons (562 g " soil} compared
to the nalural forests (2.92 g soil), grasslands/fallows (2.52 g soil), managed plantations
(2.20 g soil) and least spore density was in agriculture lands (1.40 g’ soil). ln window 2
also, the forest plantations showed significantly higher spore density (5.62 g”soil) but the
other land use types viz. managed plantations, agricultural lands and grasslands/fallows
did not significantly differ from one another. Spore density in different and use types in
window 1 of the Nilgiri Biosphere follow a definite trend with that of infective propagule
number, as spores of AM fungi also form part of the infective propagules.

The highest level of AM root colonization was observed in Managed plantations (65.11 %
and 70.0 %) followed by grassland/fallows (63.55 % and 66.0 %) and lowest in
agricultural lands (47.22 % and 49.0 %, in Window | and Window 2, respectively).
However, there were no significant differences in percent root colonization in window |
and window 2.

The abundance of spores was higher in forest plantations and grassland/fallows. The most
abundant species was G. faciculatum. The frequency of distribution of AM fungi across
different land use types is presented in Table 6. In window | of the Nilgiri Biosphere G.
Jacciculatum, G. feosphorum and G. mosseae, A. bireticulata, A. lacunose, G. hoi, .
maculosum, G. multicaule were distributed very frequently while A. scobiculata, A.
spinosa, G. aggregratum, G. citricleum, G. diophanum, G. etunicatum, G. halonatum, G.
heterosporum, G. lactem, G. manihosis, G. monosporum, G. phamondd were distributed
frequently. In the case of window 2, all the AM fungi are rated as rare or occasional.

Among the different biospheres, the diversity of AM fungi was more in window | of the
Nilgiri Biosphere, with maximum diversity in natural forests (4.41) and least in
agricultural fands (3.26). [n window 2 of the Niigiri Biosphere also the diversity of AM
fungi was more in forest plantations (4.82) and least in agricultural land fields (0).

Results for the Nanda Devi Biosphere Reserve indicates that in all 34 species, 13
belonging to the genus Acaulospora, 3 to Gigaspora, 8 to Glomus and 10 to the genus
Scutellospora could be identified in the soil samples collected from different land uses in
the lower elevation village landscape. If may be noted that about 3% of spores in
abandoned agricultural land to 13% in oak forests could not be identified at species level.

Four species of Acawlospora (A. lacunose, A. rugosa, A. sporocarpia, A. tuberculata), one
of Glomus (G. manihotis), and six of Scutellospora (S. carolloides, S. cerradensis, §.
dipurpurascea, S. gregaria, §. rubra and S. scufata) were present in 0-10 cm surface but
absent in sub-surface soil (10-20 cm). Only one species viz. S. erpthropa was present in
sub-surface but absent in surface soil. These species confined to only one depth belonged
to rare or occasional frequency class (1-20% and 21-40% frequency of occurrence). In the
landscape, only one species of Scutellospora was dominant compared to 3 of Glomus, 5
of Acaulospora and none of Gigaspora. Twenly three species were sampled from the
subsurface soil compared to 34 species in surface soil, indicating a decline in species
richness with increasing depth of soil (Table 8).

Acauiospora lacunosa was sampled only from pine forests, Gigaspora geosporum only
from abandoned agricultural land and, Scutellospora dipurpurascea and §. scutata only
from irrigated agriculture. Twelve species occurred in all land uses but the degree
abundance varied between sites. Thus, Acawlospora delicate and G. tenebrosum occurred
in all land uses but more abundant in scrub land. Glomus pansihalos and G. tenebrousum
were more dominant in pine forests compared to cak forests, while Acaulospora
morrowiae was more abundant in cak forests. Irrigated agriculture differed from rainfed
agricuiture in terms of higher density of Acaulospora morrowiae, Glomus tenebrosum
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and Glomus pansihalas spores but lower of Glomus intrradices and Glomus aggregarum
compared to that in rainfed agriculture (Table 9 and 10).

Three species of Glomus viz., Glomus aggregatum, G. intraradices and G. tenebrosum
accounted for > 50% of spores tn almost all land uses, considering 0-10 cm and 10-20 cm
horizons together or separately. Coefficient of variation differed by species and depth but,
in none of the cases it exceeded a value of 190%.

Total spore abundance decreased with depth in all land use types except rainfed
agriculture and scrub where no change or a marginal increase was observed. There was a
significant interaction of land use and depth. Oak and pine forest did not differ in terms of
spore abundance in 10-20 cm depth but the latter showed markedly higher abundance
compared to the former in 0-10 cm horizon. Abandoned agricultural land had comparable
spore density in 0-10 cm depth but about 50% lower in 10-20 cm depth compared to
rainfed agriculture or scrubland. Pooled spore abundance in 0-20 ¢m horizon showed a
trend of pine forests > oak forests = rainfed agriculture = scrubland > rrigated agriculture
> homegardens = abandoned agricultural land (Figure 1).

Spore abundance in rhizosphere of four important agroforestry species across the entire
soil profile shows that a significant effect of species and depth is evident. Spore
abundance significantly declined below 20 cm depth in Bawuhinia variegata (a legume)
and below 30 ¢m depth in Celtis australis. Spore abundance in Grewia opposififolia and
Chhanchri (local name) was very low compared to Bauhinia and Celtis. The change in
spore abundance with depth in these two species was not as marked as in Bauhinia and
Celtis. It is evident that significant number of spores is present in deeper soil layers.

Among the different genera of AM fungi, Glomus was the most dominant genus in Nilgin
biosphere and (Glowmus and Aculospora were the most dominant genera in Nandadevi
biosphere. At species level, in Nilgirt biosphere reserve the most abundant species was
G. faciculatum while in Nanda devi biosphere the most abundant species were G.
aggregatum and Acaulospora delicata.

10 Dens:ty and diversity of associative diazotrophic bacteria in soils under
diverse land use systems in Amazonia

Alexandre Barberi, Ligiane Florentino, Adriana Lima, Rafaela Lobrega, Fatima M. S.
Moreira, Krisle da Silva,

Setor de Microbiologia do Solo/DCS/UFLA, Brazil

Abstract

Associative diazotrophic bacteria are among the important functional groups of
microorganisms that live in soils. These bacteria contribute to plant growth mainly
through biclogical N, fixation. The aim of this work was to evaluate the density and
diversity of associative diazotrophic bacteria Azospirillum spp., Azospirillum amazonense
and Herbaspirilium spp., in soils under diverse land use systems (LUS) in Amazonia.

Thirty soil samples at different LUS in Amazon region were collected in March, 2004:
forest (6 poinls); young secondary forest (5 points); old secondary forest (1 point); crop (6
points); pasture (6 points) and agroforestry (6 points). The density was evaluated in
August, 2004, with serial decimal dilutions (107 to 10°®) of soil samples to determine
most probable numbers (MPN) in media: INFb (Herbaspirillum spp.); NFb (Azospiritlum
spp.); Fam and LGi (Azospirillum amazonense). Phenotypic diversity of isolates and
strains were evaluated through cell morphology in optic microscope, cultural
characteristics on potato and GNA media as well as protein profiles by polyacrylamide
gel eletroforesis (SDS-PAGE), compared to type and reference strains of Azospirilium,
Herbaspirilfum and Burkholderia species.
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No grown in JNFb was observed. In NFb medium the MPN increase in the fo!iowmg
order: forest (2.1 X 10* bactena g ' soil); old secondary forest (2.3 X 10° bactenag soil);
pasture (4.6 X 10° bacteria g ! s0il); young secondary forest (8.6 X 10° bactena g™ soil);
crop (18.2 X 107 bacteria g™ soil) and agroforestry (20.6 X 10? bacteria g 5011) In Fam
medium the MPN mcreased in the order: agroforestry (1.1 X 10° bacteria g " s0il); forest
(1.6 X 10° bacteria g’ 5011) young secondary forest (1.7 X 10? bacteria g " soil); old
secondary forest (3.0 X 10° bacteria g™ soil); crop (3.7 X 10 bacteria g "soil) and pasture
(11.2 X 10° bacteria g ' s0il). In LGI medium MPN mcreased in the order: agroforestry
(1.7 X 10? bacterla g soil); crop (2.7 X 10? bactena g soil); young secondary forest (3.5
X 10° bactenag soil); forest (4.1 X 10 bacteria g " s0il); old secondary forest (4.2 X 10°
bacteria g soil); and pasture (8.1 X lO bacteria g”' soil). Higher numbers were obtamed
in NFb medium (10.6 X 10° bacterla g” soil), followed by LGI (4.1 X 107 bacteria g’

soil) and Fam (3.9 X 10* bacteria g”* soil).

Twenty-two isolates were obtained. Cell diameters varied from 0.61 to 1.21 pum with rods
or spirillum shapes. Twenty groups were obtained by cultural phenotypic characterization
on potato medium (2 in forest, 2 in young second forest, 4 in crop, 4 in agroforest and 9 in
pasture) and GNA medium (2 in forest, 2 in young second forest, 4 in crop, 5 in
agroforest and 9 in pasture). Protein profile through SDS-PAGE analysis showed
diversity amongst isolates.

The LUS affected the density of diazotrophic populations and these effects depend on the
medium: soils under crop and agroforestry presented larger numbers in NFb medium; in
Fam and LGI media pasture usually presented larger density. The LUS also affected the
diversity of diazotrophics, soils under pasture presented larger number of cultural
phenotypic characteristics. This is explained by the well known positive effect of grass
rhizosphere on this group of organisms.

11. Diversity of leguminosae nodulating bacteria from three different Iand
use systems in Brazilian Western Amazon

Ederson da Concei¢do Jesus', Ligiane Aparecrda Florentino™, Maria Isabel Dantas
Rodrigues’’, Marcelo Salva de Oliveira™ e Fatima Maria de Souza Moreira™

1} Universidade Federal de Lavras, Dept® de Ciéncia do Solo, CP 3037, CEP 37200-000, Lavras,
MG. E-mail: edersonjesus@hotmail.com, ligiflorentino@yahoo.com.br,
bel florestali@yahoo.com.br. fmoreira@utla.br.
@ Universidade Federal de Lavras, Dept® de Ciéncias Exatas, CP 37, CEP 37200-000, Lavras,
MG. B-mail: marcelso(@ufla.br.

Keywords: rhizobia, density, siratro, cultural characteristics.

Abstract
The aim of this work was to evaluate the effect of three different land use systems from

the Brazilian Western Amazon on Leguminosae nodulating bacteria diversity.

The land use systems studied were a cassava crop, a peach palm crop and an upland
forest. Rhizobial densities were evaluated by the most probable number technique, after
inoculation of Macroptilium atropurpureum with diluted soil samples, and they were
similar for the three systems studied. Two hundred fifty-seven bacteria isolated from the
nodules formed were characterized and these were clustered into sixty-three groups of
isolates with eighty percent similarity. Few isolates were obtained from forest, whereas a
large number of isolates was obtained in the crop systems. The highest richness and
Shannon diversity was found in the cassava crop and the lowest ones were found in the
forest. However, the richness was similar for the three systems when it was determined
with a rarefaction analysis. Differences in the proportion of types of growth were found
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and these differences can be explained by differences amongst the systems. The land use
systerns influenced the Leguminosae nodulating bacterial diversity.

12. Diversity of Leguminosae nodulating bacteria in diverse land use
systems in the upper Solimdes River Basin, Benjamin Constant
Municipality, AM- Brazil.

Fatima M. S. Moreira™, Adriana S. Lima™, Alexandre Barberi”, Rafaela . A.
Nébrega™, Jodo Paulo R. Pereira®™, Ligiane Florentino™, Paulo A. Ferreira™, Michele
A. Silva™, Marlene A. Souza™

Mgupervisor; @ Ph D Student; © Undergraduate Student; “ Technician - University Federal of
Lavras (UFLA)

Abstract

Soil samples were collected in March 2004 from 98 sites comprising six different LUS
distributed within two indigenous communities (Guanabara Il and Nova Alianga) and the
city of Benjamin Constant at this Municipality. Leguminosae nodulating bacteria were
trapped from soil by using the promiscuous hosts: siratro (Macroptilium atropurpureum),
cowpea (Vigna unguiculata) and common bean (Phaseolus vulgaris). Experiments were
carried out with these species under greenhouse conditions in the Soil Microbiology
Laboratory of the University Federal of Lavras (UFLA) to evaluate density, efficiency
and diversity of LNB populations. Soil samples were kept in cold chamber (4°C) until
analysis.

The experiment with siratro was carried out one month after soil sampling. Siratro was
cultivated in plastic pouches with nutrient solution and inoculated with serial decimal
dilutions (10" to 107) of soil samples to determine most probable numbers (Most
Probable Number Enumeration System - MPNES) and to isolate LNB. Controls with and
without mineral nitrogen were included. The experiment comprised a total of 2100 plastic
pouches. The dry matter weight (DMW) of plants in the first dilutions were determined
and compared to the controls without inoculation and with or without mineral nitrogen
(DMW of 1.58g and 0.16¢g, respectively) in order to calculate native LNB populations
efficiencies in promoting plant growth by nitrogen fixation (DMW average: ‘Crop’ - 0.31
g; ‘Old secondary forest’ - (.34 g; “Young secondary forest” 0.3g; ‘Pasture’ - 0.35g;
‘Forest’” - 0.27g; ‘Agroforestry’ - 0.29g).

A total of 1,891 isolates were obtained from all the nodules formed on siratro roots. The
cultural characterization of isolated colonies in 79 medium was recorded by the time of
appearance of isolated colonies (TAIC) and pH modification. Total number of isolates
and the number of cultural types (between brackets) were distributed among LUS as
following;:

* Crop - 553 (acid fast 232; peutral fast 200; neutral internediate 44;
alkaline intermediate 23; alkaline slow 54);
*  Young secondary forest - 498 (acid fast 235; neutral fast 96; neutral
intermediate 18; alkaline intermediate 50; alkaline slow 99},
s Old secondary forest - 128 (acid fast 63; neutral fast 48; neutral
intermediate 4; alkaline slow 13);
e Pasture - 219 (acid fast 93; neutral Fast 95; neutra! intermediate 7;
alkaline intermediate 1; alkaline slow 23);
s Agroforestry - 354 (acid fast 125; neutral fast 1 14; acid intermediate 1
neutral intermediate 53; alkaline intermediate 25; alkaline slow 36).
The densities of LNB populations were (ranges by LUS log cell .g™'): - Crop 4.47; - Old
secondary forest 3.75; - Young secondary forest 3.44; -Pasture 2.72; - Forest 1.93; -
Agroforestry 3.27).
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The calculated Shannon index for each LUS were: - Crop - 1,29; - Old secondary forest -
1,05; - Young secondary forest - 1,35: - Pasture - 1,10; - Forest - ,3 2; - Agroforestry -
1,45).

Experiments with cowpea and common bean were carried out under greenhouse
conditions (Leonard ars with 750 mL sterilized Jensen solution without nitrogen -
CaHPOy 1g L; K,HPO, 0,2 1g L'; MgSO,7H,0 0,2 g L'; NaCl1 0,2 1g L'; FeCl; 1g L)
five months after soil sampling. The experiments were disposed in the completely
randomized design (DIC) with 3 replications and 98 treatments (sampling points), plus
the control treatments: inoculation with the cowpea efficient reference strains INPA 03
1lb and UFLA 03 84, and the common bean efficient strains CIAT899/Br 322 and UFLA
02 100, control with mineral nitrogen (NH;NQO; - 70 mg de N/pot) and control without
both nitrogen and inoculation. Ten to twelve nodules from each plant were used for LNB
isolation and further cultural characterization were recorded as mentioned before. About
2,000 isolates were obtained from cowpea and common bean.

A total of 1010 isolates were obtained from cowpea. Total number of cowpea isolates and
the number of cultural types (between brackets) were distributed among LUS as
following:

e Crop— 158 (acid fast 76; neutral fast 11; alkaline fast 7; alkaline
intermediate 10; acid intermediate 3; neutral intermediate 2; acid slow
15; neutral slow 16; alkaline slow 16; acid very slow |; neutral very slow
1

*  Young secondary forest — 106 (acid fast 81; neutral fast 14; alkalire fast
3: alkaline intermediate 3; acid intermediate 4; neutral intermediate 10;
acid slow 13; peutral slow 82; alkaline slow 25; alkaline very slow 1);

e Old secondary forest — 118 (acid fast 56; neutral fast 5; alkaline fast 6;
alkaline intermediate 6; acid intermediate 5; neutral intermediate 5; acid
slow 4; neutral slow 14; alkaline slow 14; neutral very slow 1; alkaline
very slow 2);

s Pasture 206 (acid fast 100; neutral fast 23; alkaline fast 3; alkaline
intermediate 4; acid intermediate 2; neutral intermediate 6; acid slow 7;
neutral slow 37; alkaline slow 21; alkaline very slow 3);

e Forest - 104 (acid fast 29; neutral fast 1; alkaline intermediate 1; acid
intermediate 1; acid slow 26; neutral slow 31; alkaline slow 12; acid very
slow 2; alkaline very slow 1);

o  Agroforestry - 188 {acid fast 67; neufral fast 16; alkaline fast 5; alkaline
intermediate 12; neutral intermediate 4; acid slow 7; neutral slow 27;
alkaline slow 50).

Shoot dry weight was measured to evaluate LNB populations efficiency (LUS - DMW
average: - Crop 0.88g; - Young secondary forest 1.0g; - Old secondary forest 1.35g; -
Pasture 1.64g; - Forest 0.45g; - Agroforestry 1.26g) compared to the control treatments
(DMW average control with nitrogen, 5.53g; control without nitrogen, 0.30g; INPA 0311
b, 2.9g and UFLA 03 84, 5.25g).
The Shannon index calculated for each LUS were: - Crop - 1,73; - Old secondary forest -
1,79; - Young secondary forest - 1,64; - Pasture - 1,60; - Forest - £,57; - Agroforestry -
1,68).
A total of 950 isolates were obtained from common bean. Total number of isolates and
the number of cultural types (between brackets) were distributed among LUS as
following:

e Crop - 163 (acid fast 44; neutral fast 109; alkaline intermediate 8);

» Young secondary forest - 277 (acid fast 49; neutral fast 228},
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e Old secondary forest - 63 (acid fast 10; neutral fast 51; alkaline
intermediate 2);
e Pasture 229 (acid fast 37; neutral fast 191; alkaline intermediate 1;
alkaline slow 2};
¢« Forest - 5] (acid fast 10; neutral fast 41);
» Agroforestry - 167 (acid fast 29; neutrat fast 136; alkaline intermediate
2; alkaline slow 2).
Shoot dry weight was measured to evaluate LNB populations efficiency (LUS - DMW
average: - Crop - 0.79g; - Young secondary forest - 0,8]; - Old secondary forest - 0.85g;
- Pasture - 1.09g; - Forest - 0.66g; - Agroforestry - .94g) compared to the control
treatments (DMW average - control with nitrogen, 7.3 g; control without nitrogen, 0.64g;
CIATE99/Br 322 and UFLAOQ2 100, 2.27g).

The Shannon index for LUS: Crop - 0,82; Old secondary forest - 0,57; Young
secondary forest - 0,47; Pasture - 0,47; Forest - 0,49; Agroforestry - (,49).

Cultural diversity varied among LUS and these effects depend on the trap plant species.
Highest diversity index were obtained by using cowpea as trap species and the lowest by
using common bean. The highest diversity was obtained in Old secondary forest both by
using cowpea or siratro. Pastures usually have the lowest diversity index calculated from
isolates of all three trap species. Cultural characteristics based on TAIC and pH
modification revealed part of the diversity among isolates, which can be highest
considering fine tune cultural characterization that is being carried out and when
measured by genotypic characterization. Pure cultures of these isolates (about 4,000) are
being stored at 4°C in 79 and — 80°C in 79 medium with glycerol 20% for further
sequencing of specific genes and genotypic and phenotypic characterization by REP and
protein profiles, respectively.

13 Diversity and Community Structure of Arbuscular Mycorrhizal Fungi in ‘
‘Several Land Use Systems in the Amazon :

Sidney Luiz Stirmer’, José Oswaldo Siqueira’, Carlos Roberto Grippa', Patricia Lopes
Leal’, Glaucia Alves e Silva®, Manoel Aparecido da Sitva’

' Departamento de Ciéncias Naturats — Universidade Regional de Blumenau (FURB) ~ Cx.P. 1507
— 89010-971 — Blumenau, SC - Brazil
? Departamento de Ciéncias do Solo — Universidade Federal de Lavras (UFLA) — Cx.P, 3037 —
37200-000 — Lavras, MG - Brazil

Absftract

Arbuscular mycorrhizal fungi (AMF) are a ubiquitous group of soil fungi that establish a
mutualistic symbiosis with plant root systems. They are present in nearly all soil and
ecosystems where they help plants to uptake immobile nutrients especialiy phosphorus.
The host provides all necessary carbon compounds for the fungus to grow, sporulate and
complete its life cycle. These fungi are directly involved on the maintenance of plant
diversity and ecosystem functionality as they are involved on plant nutrition, soil
aggregate formation and interfere on plant competition relationships. The objective of
this work was to assess AMF species diversity and activity in several land use systems
situated in tropical soil of the Amazon region in Brazil.

We tested the hypothesis that both species diversity and mycorrhizal activity will increase
from highly disturbed to less disturbed land use. Soil samples were collected between 07
and 12 of March, 2004, in the municipality of Benjamin Constant located in the Alto
Solimdes region in the state of Amazon, Brazil. Six plots (300 x 300m) were established
in Benjamim Constant, in Nova Alianga community and in Guanabara community. A
total of 101 soil samples were collected in the following land use systems: Pasture (13
samples), Agroforestry (14 samples), Crops (22 samples), Secondary forest (32 samples)
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and Forest (20 samples). Within each plot, 16 to 21 sampling points were distributed in a
grid where each sampling point was located 100m apart from the next point. In each
sampling point, 12 subsamples were collected with a soil core sampler in two concentric
circles: 4 and 8 subsamples were collected in these two imaginary circles located at 3 and
6 meters from the main point, respectively.

Soil samples were stored in plastic bags at 4°C and used to establish MPN, to extract and
count AMF spores and to establish trap cultures, following the BGBD protocols. For
MPN, soil dilutions (10" to 10°®) were established with sterilized diluent, placed in 50ml
cones and seeded with onions (Allium schoenoprasum). Afier 7 weeks, roots were stained
with trypan blue and the presence or absence of arbuscular mycorrhizal colonization
recorded. From each sample, 100ml of soil was wet sieved using two nested sieves (710
and 45 pm opening); material retained at the 45 pum sieve was placed in tubes containing
a 20%/60% sucrose gradient and centrifuged at 2000 rpm for | min. The supernatant was
placed on Petri plates and observed under a dissecting microscope. Spores were
separated by morphotypes, mounted on slides with PVLG and Melzer's reagent to
identification and counting. Trap cultures were set up by mixing ca. 700 ml of field soil
with sterilized sand and placed in 1.5 Kg plastic pots. Approximatelly 50-60 seeds of
sudangrass (Sorghum sudanense) and 3-6 seeds of cowpea (Vigna unguiculaia) were
seeded in each pot. After growing traps under greenhouse conditions for 3-4 months, a
100 mi sojl core was sampled from each pot and spores extracted to observe sporulation
and identification of AMF species.

Soils under Crops (cassava) and Pasture had the highest mycorrhizal inoculum potential
with values 0f 23.02 and 9.16 infective propagules g”' soil followed by Secondary Forest
with 3.56 infective propagules g soil. Soil samples from other land uses had no
mycorrhizal infective propagules as evaluated through the MPN technique. Only 47
samples {out of 101) were analyzed up to now for spore counting and identification,
corresponding to 100% of samples from Pasture, 77% of Forest, 36% of Secondary Forest
and 36% of Crops.

A total of 65 different morphotypes were recovered representing all 7 genera within the
Order Glomales. Species of Glomus and Acaulospora were predominant regarding
number of species recovered per genera, although a high proportion of morphotypes of
Glomus could not be assigned to describe species. Sporocarpic Glomus species like
Glomus sinuosa, Glomus clavispora and Glomus coremioides were commonly detected in
soil samples as well 2 high number of dead, parasited spores.

Total number of species ranged from 28 to 32 in Forest, Pasture and Crops while this
number was 52 in Secondary Forest. Conversely, mean species richness per sample was
14.2 in Crops while it ranged from 8.1 to 10.1 on other land uses. Spore abundance
decreased from Pasture (1300 spores/100g soil) to Forest (420 spores/100g soil) with
intermediate values for Crops and Secondary Forest. Acaulospora delicata and
Acaulospora mellea were the most abundant species in all four land use systems. Other
species that were the prolific sporulators were A. scrobiculata, A. morrowiae,
Entrophospora colombiana and an undescribed Acaulospora sp. and Glomus sp.. Species
rank-log abundance graphs depicts that regardless of land use, mycorrhizal community
are dominated by two or three fungal species approaching the geometric series model.
Trap cultures analyzed up to now yielded 5 criptic species that were not sporulating in the
field: Entrophospora infrequens, Archaeospora leptoticha, Gigaspora sp. and two
undescribed Glomus sp. Our data suggest that land use system with intermediate degree
of disturbance (Crops and Secondary Forest) are more diverse than those with extreme
(highly disturbed Pasture and non-disturbed Forest) levels of disturbance although spore
abundance and mycorrhizal activity decrease from more disturbed to less disturbed land
use systems.
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Abstract:

The populations of legume nodulating bacteria (LNB) were assessed under glasshouse
conditions in soils collected from various land use systems in Embu and Taita benchmark
sites. The populations were estimated by the most-probable-number (MPN) plant
infection technique with Macroptilium atropurpureum (DC.) Urban (Siratro) as the trap
host. All the soils tested contained LNB ranging from <2.5 to 2.1 x 10% cells g™ of soil
(this is only for Embu). (In both soils?) there was no apparent effect of land use on
abundance of LNB. However, differences were observed between contiguous sampling
points (within a window) and between windows. LNB were isolated from root nodules of
nodulated siratro inoculated with dilution series of the soils. The characteristics of the
isolates were assessed on yeast extract mannitol mineral salts agar (YEMA) media
containing bromothymo! blue. Most isolates were slow-growing and produced alkali.
There were also fast growers and acid producers.

15. Arbuscular Mycorrhizae Fungi (AMF) spore abundance and species
composition along land use gradient in Embu and Taita.

"Jefwa J M, *Muya E, 'Nyawira M and 'Kimani S.

'"The National Museums of Kenya, Herbarium Department, P.O Box 45166, Nairobi, Kenya. *The
Kenya Agricutitural Research Institute

Abstract

A study on Arbuscular Mycorrhizal Fungal (AMF) spore abundance and species
composition was undertaken along land use gradients at two benchmark sites in the
geographical regions of Embu and Taita in Kenya. Soil samples were collected from 60
and 40 sampling points within 7 and 5 land use types in Embu and Taita respectively. The
soil samples were air dried and processed for AMF spore abundance, AMF species
composition and soil trap cultures at the National Museums of Kenya.

Land use had no significant effects on AMF spore abundance (p<0.05) at both benchmark
sites. However in Embu, land use with napier, tea and coffee had higher spore numbers
than land use types with tree plantations, maize and natural forest. At the benchmark site
in Taita, natural forest and shrubland had the highest spore abundance compared to tree
plantations, maize and agroforestry. Although land use had no effect on spore abundance,
there were variations in spore abundance within land use types with napier, coflee, tea
and to some extent maize being higher compared to plantation trees, fallow/pasture and
natural forest. At the Taita benchmark site, the variations in spore abundance within land
use types were evident in natural forest and agroforestry and less in plantation forest,
shrubland and maize.

Observations made on percentage colonization of four months otd Mucuna pruriens (L.)
DC grown in field soils collected along the tand use gradients in Embu showed root
colonization not to differ significantly although colonization was significantly (p<0.001)
different in the thee windows. The differences between windows was particularly evident
in soils from tea plantations with AMF colonization higher (72) window 1 compared to
window 2 (49.4), indicating other factors contributing to differences in spores.
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A total of 52 AMF morphotypes were isolated with 20 morphotypes from Embu and the
remaining from Taita. Only 15 morphotypes were distinguished into species but no
specific taxa has been asignedame have been assigned yet. The effect of land use types on
the spore abundance of individual AMF species was evaluated. Land use type had a
significant (p <0.01) effect on the abundance of individual AMF species at both
benchmark sites. Taita had a higher species composition than Embu. At the Embu site the
spores of Glomus sp. | and Acaulospora sp. 1 were present in all land use types in
variable abundance. Acaulospora sp. 1 was highest in napier, tea and coffee; Acaulospora
sp. 3 and 6 were highest in tea; Scutellospora sp. was present in fallow and coffee and
Myc | was highest in tea and napier. Land use with coffee, tea, fallow and plantation
forest had all the 6 AMF species. At the Taita site, Glomus sp. 7, Entrophospora sp., G.
margarita and Myc 7 were present in all land use type. Agroforestry was the only land
use with all the AMF species. However, Glomus sp 7 was dominant in indigenous forest,
plantation forest and shrubland and Entrophospora was dominant in indigenous forest
and agrforestry systerns, The remaining species were restricted to specific land se types:
Glomus sp. 8 & 9 and was present in only agroforestry and maize based systems
Acaulospora sp. 10 was present in all land use types except plantation forest.

The spore numbers of species were variable in each land type. A species with unique
characteristics that were similar to Glomus in sub-tending hyphae and spore wall
characteristics and with surface wall ornamentation was isolated from the Taita
benchmark site The spore abundance of Individual AMF species seemed to be better
indicators of land use type compared to the total spore abundance of all species. The
observations made on variation within land use types suggest that management within a
{and use type is a one of the parameters that could affect spore abundance.
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1. Inventory and Diversity of Soil-Bome Plant Pathogenic Fungi in the
Biosphere Reserve of los Tuxtias, Veracruz, Mexico.

Maria del Pilar Rodriguez-Guzmdn and Grisel Negrefe-Ferndnde=.
Programa deFitopatologia, Colegio de Postgraduados. Carr. México-Texcoco Km 36.5,
Montecillo, Texcoco, Edo. de México. C.P. 56230. pilarrg e colpos.mx Tel: 01{595)95202-00
ext.1610 6 1660,

Introduction.

Soil-borne plant pathogenic fungi have been studied mainly as a cause of disease and
economic losses; however, they may play also ecological and evolutive important roles in
the natural plant communities and in the soil microbial communities through their
participation in multitrophic interactions with the soil microorganisms and the plant roots.
Several interesting questions about the role that the root pathogenic fungi (RPF) play in
soil can be asked: Would be possible to talk of a characteristic RPF community for an
specific type of plant community? Does the diversity and community composition of
RPF change when the soil ecosystem is disturbed? Could RPF be used as bioindicators of
soil health? Does RPF play an important role in the regulation of natural plant
communities? How important is to know the RPF community for the management and
conservation of the soil biodiversity?

In order to answer some of these questions, the general objective of this research is to
assess the diversity, abundance and root damage causde by some of the main root
pathogenic fungi, Phytophthora spp., Pythium spp., Fusarium spp. and Rhizoctonia
solani, in four different types of land use: rainforest, agroforestry, grassland and maize
crop.

The specific objectives are: a) identification of the main root pathogenic fungi present in
each land use, b) assessment of the inoculum density of the main root pathogenic fungi in
soil of the rhizosphere, and c) assessment of the disease incidence (damage) caused by the
main root pathogenic fungi in the roots of the vegetation present.

Materials and Methods
Three communities: Lopez Mateos, Venustiano Carranza and San Fernando ubicated at

the Los Tuxtlas Biosphere Reserve, in the State of Veracruz, México, were chosen to
establish a window in each one. Each window considered four different categories of
land use: rainforest, agroforestry, grassland and maize, with eight plots per land use. At
each one of the 32 plots a point of sampling was established. On this point eight
subsamples were taken equidistantly, four at six metes of distance and four at 12 meters.

Soil samples were taken at the first 30 ¢m of depth, tagged and kept in a field freezer until
they were sent to the Ecology of Soil-Bome Plant Pathogens Laboratory at Colegio de
Postgraduados, where the samples were kept at 5° C in a cold room.

Different selective media for the isolation and culture of the main phytopathogenic fungi
were used: PARHP for Phytophthora spp, 3P for Pythium spp., Kerr and SNA for
Fusarium spp., Ko and Hora for Rhizoctonia solani. General culture media PDA was also
used for the isolation of saprophytic soil fungi.

Soil dilution plate technique was applied for isolation and quantification of the soil
population density (number of propagules per gr of soil) of the RPF from soil of the
rhizosphere, using a soil dilution of 107, Assessment of disease infection was made
plating ten 1.0 cm longer pieces of feeding roots (every time was possible) in each of one
plate with the different selective media mentioned before. This roots were selected from
the same roots from which the soil of the rhizosphere was taken for the assessment of the

soil population density.
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PDA media plates were incubated at 28 "C for two to three days. After this process they
were kept at room temperature and direct fight. PARHP and 3P media piates were
incubated at 30 °C for 10 to 20 days under dark conditions. KERR media plates were
incubated at 28 °C in the dark from three to five days; afier this time they were kept
under room temperature and light. Ko and Hora plates were incubated at 28 °C from
three to five days under dark conditions.

Results

Results presented in this summary include information about some of the main RPF like
Fusarium spp., isolates in the Pythiaceae family (Pythivm spp. and Phyvtophthora spp.)
and Rhizocitonia sp.; and also information about other soil fungi: saprophitic and
antagonistic like Rhizopus, Penicillium, Aspergillus and Trichoderma. However there is
not yet a species taxonomic identification for all isolates found in this research.

The highest number of different RPF isolates (morfospecies) was detected in the
agroforestry (143) and grassland (135) sites, followed by the rainforest {126), and the
lowest number was found in the maize crop sites (111) (Table 1). A similar number of
different isolates of RPF were obtained from roots (258) than from soil of rhizosphere
(257). In the three communitics sampled, the highest number of diferent RPF isolates
were detected in San Fernando (1 14), followed by Lopez Mateos (79) and Venustiano
Carranza (75) (Table ).

Assessment of the number of infected roots by each different RPF isolate (disease
incidence), indicated that rainforest sites had the highest values for the diversity index of
Shannon (H), followed by grassland and agroforestry land use, while maize plots had the
lowest values (Fig.1). However, assessment of the inoculum density (number of
propagules per gram of seil) in the soil of the rizosphere indicated that agroforestry sites
had the highest values for the diversity index of Shannon, followed by rainforest and
grasstand, and the maize plots had the lowest values.

Table 1.Summary of the number of different soil fungi (phytopathogens, saprophytes and
antagonistic) found in soil of the rhizosphere and plant roots, in three communities of the
Los Tuxtlas BiosphereReserve, Veracruz, México.

COMMUNITY | Lépez Mateos Venustiano Carranza | San Ferpando TOTAL

LAND Soil of Roots* | Soil of Roots Soil of Roots | Soil of Roots

USE rhizosphere * rhizosphere rhizosphere rhizosphere

Rainforest 20 26 19 i6 18 27 57 69
Total = 126

Agroforestry |24 20 32 20 32 15 38 [55
Total = 143

Grassland 27 36 18 15 20 19 65 [ 70
Total = 135

Maize 17 20 20 15 10 29 47 |64
Total = 111

Lily plot = |- 12 14 — |

— Total= 257 258 ]
TOTAL** 43 36 33 42 53 61
Great total 79 75 114
*In each community, some of the different soil fungi isolates are repeated because they

were found in different land uses. **Total number of soil fungi isolates includes only the
real number of different fungi found per community for soil of rhizosphere and plant roots.
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Fig.1. Diversity index of Shannon calculated for soil fungi (root pathogenic, saprophytes
and antagonistics) in different land uses: rainforest, agroforestry, grassland and maize, in
three communities of the Los Tuxtlas Biosphere Reserve in México, LM=La&pez Materos;
VC= Venustiano Carranza and SF= San Fernando. Diversity Index data shows that
rainforest had the highest values, followed by grassland and agroforestry, and the maize
crop plots had the lowest values.

General Observations.

Studies of the soil-bome plant pathogenic fungi from the population and community
ecology point of view are very rare. Intuitively we expect a low presence and incidence
of the root pathogenic fungi in natural ecosystems than in agroecosystems; however, it is
necessary to consider that pathogenism is a very important relationship that in some cases
has reached very deep evolutive interactions between the pathogen and the host in time,
playing a very improtant role in the development and evolution of strategies for resistance
and for virulence, and as a consequence, in the variability of the two involved species.

Therefore, it is possible to expect that there would be RPF in all ecosystems and
agroecosystems, but possibly the difference would be in the grade of damage caused by
the RPF in the plant community and in the composition of the species present in the RPF
fungi, but maybe this will not be a significative difference in the biodiversity of the RPF
community . In order to get more precise data and conclusions about the RPF in Los
Tuxtlas Biosphere Reserve, we need more time for the taxonomic identification and for
laboratory and greenhouse experiments.

2. Diversity and Abundance of Plant Pathogenic Fungi in Sumberjaya
- Lampung :

Darmoneo Taniwiryono', Agus Purwantara’, and Titik Nur Aenyz
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 Biotechnology Research Institute for Estate Crop, Bogor West Java [ndonesia. Ji. Taman
Kencana No.1 Bogor 16151.
Phone: 0251-324048. E-mail; darmono@indo.net.id
¥ Department of Plant Protection, Agriculture Faculty-Universitas Lampung indonesia, Phone:
{(0721)787029; E-mail: acny 01 e vahoo.com

Key words: abundance, diversity, land-use, phytopathogenic fungi

Abstract

Soil borne pathogens, including plant pathogenic fungi, are among the most neglected
factors that affect plant production in many regions because of theit microscopic size and
non-specific symptom of infection. Their roles, however, are tremendously important as
complexes both in soil and plant tissues. Changing in soil management practices and
cropping practices may affect the population and diversity of phytopathogenic fungi in
the soil. This study was aimed to investigate the effect of land use types on diversity and
abundance of phytopathogenic fungi in the soil. Soil samples were collected from
Sumberjaya, West Lampung district, Province of Lampung, Indonesia, during rainy
season on February to March 2004. The total of 92 soil samples were collected from
point samples within seven land use types: (1) undisturbed forest (forest less intensive =
FLL), (2) disturbed forest (forest intensive = F1,), (3) fallow or grassland {(shrub = 8§,), (4}
shade coffee or polyculture coffee (tree-based less intensive = TBLI,), (5) , sun coffee or
monoculture coffee (tree-based intensive = TBI), (6} food crop (crop-based less intensive
= CBLIL,), and (7} horticulture crop or vegetable crop (crop-based intensive =CBI).

Soil samples were laboratory analyzed by a serial dilution technigque and plated in potato
dextrose agar medivm. The results showed that the mean of diversity of phytopathogenic
fungi in the seven land use types in Sumberjaya, Lampung was not significanily different.
However, the mean of abundance of phytopathogenic fungi was significantly different,
fungal plant pathogens seemed to be more prevalent in intensive land uses and shrub than
that of in less intensive land uses and forest.

3. Diversity and Abundance of Cellulose and Lignin Degrading Fungi
(Decomposers) On Different Land Use Types in Lampung

Iswandi Anas” and Titik Nur Aeny”

"Laboratory of Soil Biology Departrnent of Soil Science, Faculty of Agriculture,
Institute Pertanian Bogor, Bogor, Indonesia. JI. Raya Pajajaran Bogor.
Phone: 0251-323540;  E-mail: aiswandi@indo.net.id
# Department of Plant Protection, Universitas Lampung, Lampung Indonesia,
Phone: (0721)7474755, E-mail address: aenv0 1@ vahoo.com

Key words: abundance, diversity, land-use, phytopathogenic fungi

Abstract

Conversion of primary forest to secondary forest, plantation, agriculture land and
pasture has a large impact on above ground biodiversity, carbon storage in biomass and
soil and may substantially alter carbon sink. This conversion of primary forest also
change the amount and quality of organic matter input to that particular ecosystems, alter
the microclimate such as temperature, humidity and soil water content significantly.
These changes undoubtly affect the microbial composition and their activities in the
soil. Cellulose and lignin are the most important natural organic compounds as far as
quantity is concemed. This study was aimed to investigate the effect of land use types on
diversity and abundance of phytopathogenic fungi in the soil. Soil samples were
collected from Sumberjaya, West Lampung district, Province of Lampung, Indonesia,
during rainy season on February to March 2004, The total of 92 soil samples were
collected from point samples within seven land use types: (1) forest less intensive (FLI),
(2) forest intensive (FI), (3) tree-based less intensive (TBLI), (4) tree-based intensive
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(TBI), (5) grassland and shrub (Shrub), (6) crop-based less intensive (CBLI), and (7)
crop-based intensive (CBI). Soil samples were taboratory analyzed by serial dilution
technique and plated in selective media for either lignin degrader or cellulose degrader.
The results showed that several isolates have a role both as lignin degrader and celtulose
degrader and have been identified as the same genus. Diversity and abundance of both
lignin and cellulose degraders were affected by different land use types. However, there
was no conclusive pattern that can be drawn. There is a tendency that the mean of
abundance of lignin and cellulose degrading fungi decrease as the land use more
intensive.

4. Relative abundance of soil-borne phytopathogens in a range of land use
types (Uganda).

'G. Kyeyune and *’A.M. Akol

'Department of Crop Science, Makerere University; *Department of Zoology, Makerere
University, P.O. Box 7062, Kampala, Uganda.

Key words: Land use, disturbance, Phytophthora, Pseudomonas, Pythium, Uganda.

Abstract

The incidence and relative abundance of Pythium, Phytophthora and Pseudomonas in
soils from nine land use types (LUTs) in and around a fowland tropical forest that differed
in the degree of disturbance from human-induced activities was investigated. A minimum
of seven points per LUT were sampled (range 7-16). Pythium and Phytophthora were
isolated from soils using bait tissues {maize and apple, respectively) while serial dilutions
of soil suspensions were used to extract Pseudomonas. In all cases the infective agents
were isolated on appropriate selective media. The three genera occurred in all the LUTSs.
Mean abundance of Phytophthora did not differ significantly (P>0.05) among the LUTs
in contrast to Pythium and Pseudomonas which showed significant differences (P<0.05).
Pythium increased along the land use intensification gradient while Pseudomonas
decreased along the same gradient. We conclude that Phyrophthora was less sensitive to
disturbance than the other two genera. Trends for Pythium and Pseudomonas may be
related to soil chemical parameters such as pH and/or competitive interactions with
saprophagous mesofauna; this remains to be analysed.

5. Monitoring diversity of microfungi in soils under different conditions of
i land-use (Brasil)

Ludwig H Pfenning®, Lucas M. de Abreu™®*, Mirian Salgado***, Larissa Gomes da
Silva*, Janine Mendes de Oliveira, Anderson R Almeida* Ricardo T.G. Pereira*.
Departamento de Fitopatologia, UFLA, CP 3037, 37200-000, Lavras, MG.
ludwig@ufla.br. Fellowships * CNPq, ** CAPES, *** CBP&D Café.

Abstract

Agricultural activities may affect diversity of soil-bome organisms, which play an
important role with regard to nutrient cycling or equilibrium between pathogens and their
antagonists. The assessment of fungal diversity in tropicat soils under different land uses
is one objective of the project “Conservation and Sustainable Management of Below
Ground Biodiversity” {UNEP-GEF). Broadly accepted standard methods for inventorying
fungal diversity are not yet available. Therefore, we propose the use of an improved
isolation technique to evaluate the impact on soil microfungi diversity and frequency
changes due to agricultural practices. A set of soil-bome plant pathogens and their natural
antagonists represents a putatively good option since species comprise a well studied
group of fungi whose distribution and dominance changes can be addressed to human
intervention on soil by agricultural practices. In March of 2004, 98 soil samples were



cotlected under a gradient of land-use including primary and secondary forest, perennial
and annual crops and pasture, in different locations of Amazon State, Brazil. Occurrence
and frequency of Pythium species as representatives of Qomycota was assessed using
grass leave blades and sorghum seeds as baits. Potentially plant pathogenic Ascomycota
such as Cylindrocladium, Fusarium, Lasiodiplodia, Verticillium, and their respective
antagonists such as Clonostachys, Coniothyrium, Paecilomyces, Talaromyces, and
Trichoderma were recovered by an advanced soil washing and particle filtration
methodology coupled with the use of selective culture media and antibiotics. Occurrence
and relative frequency of species bave been assessed in sampling points representing
different degrees of disturbance. Diversity of other genera and species was registered as
far as possible. From 3313 soil particles, 2140 CFU’s were discriminated and more than
50 fungal genera were identified. The five most frequent fungal genera were Trichoderma
(18,6%), Fusarium (7,2%), Paecilomyces (3,4%), Clonostachys (2,6%) and Acremonium
(2,1%). Trichoderma and Clonostachys, known as antagonists to plant pathogens and
agents for biological control, had higher frequencies of colonization in forest soils, in
comparison with more disturbed sites. The potentially plant pathogenic genus Fusarium
presented higher frequencies of colonization in soils cultivated with crops like cassava
and banana or in orchards. Pythium showed an even distribution, with colonization
frequency of the baits between 25% and 80%. Areas under pasture showed lower
frequencies of fungal colonization when compared with other soils. The studied sites did
not suffer profound anthropogenic interventions yet. However, the results showed that
intensification of land-use led to differences in fungal populations among the sites
investigated, with an increase of colonization by the potential plant pathogenic genus
Fusarium and an opposite effect on common antagonistic genera. Soil under pasture
revealed to be the most disturbed environment.

6. Inventory of entomopathogenic nematodes and fungi on soil samples
(Brasil)

Alcides Moino Junior, Dr., Ricardo Souza Cavalcanti, MSc, Vanessa Andald, MSc

Universidade Federal de Lavras, Dept. of Entomology

Abstract

We developed activities on a second collect during October/2004, 13-17, from soil
samples among 0-20 cm depth, composed of six sub samples from the sampling places
marked previously, in a total of 96 samples. This second collect was necessary due to the
hard consistence of the samples collected in a first occasion, making impracticable the
nematode isolation. For entomopathogenic nematodes, samples were placed immediately
in plastic boxes consisting insect traps with Galleria mellonella larvae. The larvae
mortality was verified during the fifth to seventh following days, period of storage since
the collect. Dead larvae were placed in a device for nematodes collection (White trap), to
collect infective juveniles from the cadaver. Collected nematodes were washed with
sterilized distilled water and Ringer solution, passing by sieves of 200 and 500 mesh,
where they were retained. Nematodes were stored at a concentration of 10.000/mL in
Ringer solution, in closed recipients of 50 mL, at temperature conditions near 11°C. It
was possible to isolate 5 ({ive) new strains of entomopathogenic nematodes from
Heterorhabditis genus (Nematoda: Heterorhabditidae) from the samples 5, 41 and 61
{samples in forest, from Guanabara [T and Nova Alianga locates — windows 3 and 4,
respectively), 64 (young secondary forest, from Nova Alianga locate — window 4) and 71
(old secondary forest, in an initial stage of regeneration, from Nova Alianga locate —
window 5). These nematodes will be identified at the level of species during the second
half of 2005, at the Florida University/USA, with the help from Dr. Nguyen, K.B.,
supervising a PhD training for Andalé, V., co-author of this work. For fungi, we are now
working with aliquots of | g of each sub sample, originally collected for nematode
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isolation, following the same sampling methods, stored at refrigerator conditions, between
4-8 °C, until successive dilution in sterilized distilled water up to 10.000 times (10™).
Replicates of 0,1 mL of the dilutions 10” and 10™ of each sample will be made in a
selective culfure medium (with fungicide Dodine) and in PDA medium {potato-dextrose-
agar). This methodology is a modification from the original methods conducted for
saprophytic and plant pathogenic fungi group. After fungi growth, the identification of the
cultures of interest (mainly Metarhizium anisopliae, Beauveria bassiana and
Paecilomyces spp.} will be made in an optical microscope, with subsequent culture
purification and conidia storage in Eppendorf tubes at freezer conditions. We are also
isolating entomopathogenic fungi from G. mellonella larvae used in nematodes isolation,
but naturally infected by fungi in the soil sample, using the same culture media previously
described.

7. Conservation and Sustainable Management of Below Ground
Biodiversity: Biodiversity of Fruit Flies (Diptera: Tephritidae) of Economic
importance and Hosts Plants (Brasil)

Margues, N.; Tregue-Costa, A P.; Ribeiro, F.
FCA/UFAM (Coord.); Bolsista Doutoranda / INPA; Bolsista Mestrando/ FCA/UFAM

Abstract

The evaluation of fruit flies biodiversity is being based in samples of host fruits and traps.
Occurrence and distribution of these insects were studied in the county of Benjamin
Constant - AM, at the windows selected by the project (Benjarnin Constant, Guanabara 1,
Guanabara I, Nova Alianga I, II e LII}. Fruits were coilected of three botanic species
(Passiflora nitida, Passiflora sp (Passifloraceae), Psidium guajava (Myrtaceae) and
Bellucia grossularioides (Melastomataceae)) from orchards, backyard orchards and native
forest, near sampling points. A total of twelve traps (like McPhail model) were placed in
the six windows, being two traps per window. These traps remained for three months
(february - may of 2004), located just outside the canopy at a height of 2.50 - 3.00 m with
an eastern exposure. The distance between traps was at least 200m. The bait was
passionfruit juice (concentration of 10%) and sugar (concentration of 10%). The traps
were replaced every seven days. A total of 355 fruit fly specimens of genus Anastrepha
were collected and twenty one species of this genus were recorded. 4. striata was the
most frequent (29,6%), predominating in all of the windows collect. 4. bahiensis was the
second specie most frequent (13,5%). Guanabara and Nova Alianga were the windows
with the most diversity index in terms of fruit flies species.

8. Characterization of soil fungi in different agro-ecological units in Centre-
: West Cote-d’lvoire -

ABOK', DIALLO A. H%, KOFFI N. B. C*,, GANIYU K*., BABACAUH K D'. and
AGNEROH A. T'.
'Institut National Polytechnique Houphouet-Boigny, BP 1313 Yamoussoukro, Cote d'Ivoire
*Université d’ Abobo-Adiamé, UFR-SN, 02 BP 801 Abidjan 02, Cote &’ lvoire.

Keywords : Agro-ecological units, diversity, fungi, morphological typing

Abstract

Soil fungi play a key role in ecosystem functioning. In order to identify these organisms
from different agro-ecological units, varying from primary forest to mixed crops fields,
samples were taken within a grid system. Forty composite soil samples were randomly
obtained from eight land use types and fungj isolated using two techniques (dilution and
particles plating). Results showed that both perennial and food crops exhibited the lowest
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numbers of spores per gram of dry soil. The highest numbers were obtained in fallows
and secondary forest. Moreover, several fungi groups and genera were identified. It
appeared that the genera Aspergiflus, Penicillium, Trichoderma and Fusarium were the
most abundant. Rare species such as Sclerotium, Acremonium, Geotrichum, Pythiopsis
and Phytophthora were mainly found in agricultural areas. No Fusarium was found in
teak plantations and neither was Trichoderma in fallows.

9. LAND USE SYSTEMS AND DISTRIBUTION OF TRICHODERMA SPECIES
IN EMBU REGION, KENYA

Sheila A. Okoth*, J O.Owino*, E. Muya™*, B. Mutsotso¥,

*University of Nairobi, P. O. Box 30197 GPO, Nairobi, Kenya.
**Kenya Agricultural Institute, P. O. Box 37811 City Square, Nairobi, Kenya.

Key words: Trichoderma, Land use, Soil attributes

Abstract

The distribution of Trichoderma species in soils of Embu region was investigated. The
study area was chosen because of its significant land use intensification. Soil washing and
dilution plate techniques were used to recover Trichoderma spp from the soil samples.
The fungal isolates were identified and assigned to eight species. Greater populations as
well as a wider range of species were obtained in soils collected from the natural forests
while coffee farms were the poorest ones. Land use affected the distribution of
Trichoderma. Napier farms had the highest abundance of this fungus. The species which
showed the highest incidence in all cases was 7. harzianum. Both inorganic and organic
fertilizers are used in the region. There was a negative correlation between amount of
chemical fertilizers and abundance of the fungus. Organic fertilizers were used
exclusively in Napier farms that had the highest fungal abundance. Soil pH and amount of
phosphorus were limiting and influenced the occurrence and abundance of this fungus.
However carbon and nitrogen were not limiting though they were high in the forests and
napier farms where the fungus was also abundant. Trichoderma showed tolerance to soil
acidity since it was abundant in the most acidic soils under napier.

Land intensification affected Trichoderma distribution. Land use systern and type of
fertilizer used influenced the distribution and abundance of Trichoderma. Populations of
this fungus in soil with a history of organic production practices were higher than in soils
under conventional production practices.

87



Session 7. Standard methods for
inventory of BGBD

Content

1. Rapid assessment of the abundance and diversity of earthworm
communities in tropical ecosystems: a study case from Cote d’lvoire ........................ 89

2. Standard methods for the inventory of termites and ants...... .o 97
3. Standard Methods for Mesofauna Inventory: BGBD Programme Indonesia......... 100
4. Methodology for soil nematode diversity evaluation ... 106

5. Report on the “Methodology for assessment of arbuscular mycorrhizal
fUNGEAIL IVEFSILY” ..o s s s sarsrams s e sr sona s s o bem e msasan s enessnme s erns 109

6. Methods for the inventory of phytopathogenic, saprophytic and antagonistic
13 7o | RS

88



1. Rapid assessment of the abundance and diversity of earthworm
communities in tropical ecosystems: a study case from Cote d’lvoire

Jérdme Ebagnerin Tondoh'”, Carlos Fragoso® L M Moninl, S Tikol, C Csuzdi’

'UFR des Sciences de la Nature/UAA, 02 BP 801 Abidjan 02, Cote d’Ivoire E-mail:
tondohj@yahoo.fr
? Departamento de Biologia de Suelos, Instituto de Ecologia, A.C., Km 2.5 Carretera
Antigua a Coatepec, Apartado Postal 63, Codigo Postal 91000 Xalapa-Enriquez, Veracruz
Mexico
’Hungarian Natural History Museums, H-1088 Budapest,

Baross str. 13, Hungary
Ivoire

* Corresponding author

introduction

Under the tropics, the study of earthworm diversity has long been neglected for three
mains reasons: (1) the lack of a rapid protocol to assess their abundance and diversity, (2)
the absence of an agreed upon sampling scale of their community and (3) the increasing
issues related to the measurement of their ecosystem services.

For over a decade, most of studies on earthworms have been undertaken using the so-
called TSBF method (Anderson & Ingram 1993) for soil macroinvertebrates sampling in
Africa (Gilot et al. 1995, Haynes et al. 2003, Diamini & Haynes 2004) in Asia (Bhadauria
et al. 2000) and South-America (Decagns et al. 1994, Barros et al. 2002, Decaéns et al.
2004, Mathieu et al. 2004). The sampling unit of this method is a soil square monolith of
25x25 cm and 30 cm depth; the protocol consists in digging at least five soil monoliths
along a transect per study plot.

Despite the relative success of the TSBF method to estimate soit macroinvertebrates
abundance and diversity, Agosti et al. (2000) and Eggleton et al. (1999) have proposed
exhaustive sampling protocol respectively for ants and termites because of their
specificity due to the extreme scarcity of nests and their clumpy distribution. As a result,
there has been a growing interest for searching more appropriate sampling protocols
based on the biology and ecology of earthworms. However, small soil monoliths have
been successfully used to show significant changes in earthworm diversity under different
land management practices (Fragoso et al. 1997, Decaéns & Jiménez 2002) at plot level.
Few investigations have focused on the assessment of earthworm abundance and diversity
in agricultural landscape.

Originally, earthworm populations have been studied using large soil monoliths of 1 m?
{1mx1mx40cm) for demographic purposes (Vincent 1969, Lavelle 1978). Recently, the
combination of large (1mx1mx40cm) and small {(25x25%30cm) soil monoliths has been
efficiently used to survey population dynamics of the peregrine earthworm Hyperiodrilus
africanus (Tondoh & Lavelle 2005). Regardless of the efficiency of large monoliths for
demographic survey in earthworm populations, they were not frequently used because
they were time-consuming and tedious. The need of an alternative size of soil monolith
has been tested by using medium-size (50x50x40cm) monolith to assess the impact of
mulching with velvet bean on earthworm populations (Ortiz-Ceballos & Fragoso 2004).

Since agriculture practices result in a mosaic of land-use types covering a large land
surfaces, the great challenge for the coming years is to develop a rapid sampling protocol
to assess abundance and diversity of earthworm communities at landscape scale. This
point is crucial for developing indicators of land degradation (Moreno et al. 2000, Burel
et al. 1998) using small animal as earthworms known to be sensitive to human-induced
changes (Fragoso et al. 1997, Fragoso et al. 1999, Decaéns & Jiménez 2002).
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As part of the UNEP/GEF funded project entitled "Conservation and Sustainable
Management of Below-Ground Biodiversity” (CSM-BGBD), this paper is a contribution
of the output 1 aiming at developing a standardized method for sampling earthworm
abundance and diversity.

The purpose of this paper was to propose an integrated method to compare earthworm
communities abundance and diversity across the seven countries involved in the project
{Brazil, Céte d’Ivoire, Indonesia, India, Kenya, Mexico and Uganda).

Overview of sampling protocol used
¢ Mandatory : one monolith (25x25x30 cm}) per sampling points within a grid
system (ALL THE COUNTRIES)
e Optional : large monoliths (50x50x20 cm)
o Mexico = two large moncliths per sampling points
o Cote d’Ivoire = tree large monoliths chosen randomly in 5 sampling
points per land-use types

Figure 1. Iron frame used for the
delimitation of small soil monoliths

Details of the sampling procedure

Sampling point allocation

The sampling was performed within a grid system installed within a benchmark area
using aerial photographs or satellite images.

Depending on land-cover fragmentation in each benchmark area, one or several windows
were laid out. A single window was laid out as to cover a gradient of representative land-
use types in the benchmark area. In case of land-use systems characterized by the
presence of large land-use types, where it was quite imposstble to catch diverse land
managements, each window should cover one or two representative land-use type in order
to select a gradient of land-use intensification, from natural ecosystems to tree-based and
crop systems.

Regular sampling points spaced out by 100 to 200 m were allocated to the whole grid
systems. Each sampling plot was materialized by a central stake.

Figure 2. Direct hand-sorting of
earthworms in aluminium trays
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Earthworm sampling protocol

Sampling campaign was conducted at the end of the rain season where earthworms are
known to be more active (Tondoh & Lavelle 2005). The protocol consists in combining
the regular and random sampling approaches.

Regular sampling protocol

At each sampling point, one small monolith (25x25x30 cm) was dug out (Fig. 1). Each
monolith was stratified into three layers each 10 cm deep and earthworms were collected
by hand-sorting (Fig. 2).

Stratified sampling protocol

Five sampling points were randomly chosen in each land-use types. At each selected
point, earthworms were sampled following TSBF sampling procedure (Anderson &
Ingram 1993). Three large monoliths of 50 cm side and 20 cm depth (Fig. 3) were dug out
at 5 m interval along a random transect perpendicular to the slope (modified TSBF
protocol, Anderson & Ingram 1993). Contrary to the regular protocol, three monotliths
were excavated in order to take into account heterogeneity at plot level (Fig. 4). Each
monolith was separated in two layers (0-10 and 10-20 cm) because most of individuals
(57 to 99%) are located in the first 20 cm during the raining season (Tondoh & Lavelle
2005) Earthworms were hand-sorted and stored in 4% formalin solution. After a raw
identification at morphospecies level, representative individuals were sent to Natural
History Muscums for further confirmation of identification or correction by experts in
earthworm systematic. Individuals were then identified, counted and weighed.

Integrated sampling protocol

The trade-off between the requirement of taking into account the whole landscape for the
sampling of earthworms and the need to take into account local variation in populations
can be reached by developing a protocol that would combine the digging of one TSBF
monolith (25x25x30 ¢m) and three large monoliths (50x50x20 cm) along a transect at
each sampling point (Fig. 4). The integrated sampling protocol is therefore a stratified
sampling scheme combining smail and large soil monoliths.

Data processing

Earthworm abundance

Earthworm abundance was estimated through the density (number of individuals per m’)
and biomass (g of individuals per m?).

Earthworm diversity

Earthworm diversity can be studied at two complementary levels: taxonomic and
functional diversity (Bouché 1977, Lavelle 1983, Fragoso et al. 1997). The functional
aspect of diversity is of utmost interest when it comes to assessing the relationship
between diversity and ecosystem services.

¢ adiversity (species richness of a particular land-use type) was analyzed using
three expressions of species richress: (1) the cumulative species richness (2) the
average species number (3) the Shannon index

» P diversity (turn-over of species among different land-use types of the entire
landscape was measured by the complementarily index of Colwell and
Coddington (1994) = degree of difference between species lists

e (= (species exclusive to one list)x 1 00/(combined richness), C is ranged between
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{ and 100

» vy diversity (species richness of the entire landscape) was estimated as the sum of
the average species number of each land-use types (Moreno & Halffter 2001)

Figure 3. Iron frame used to excavate
large soil monoliths (50x50x20 cm)

Taxeonomic diversity

The first level of taxonomic diversity deals with the number and the identity of
earthworm species. It was analysed using three expressions of species richness: (1) the
cumulative diversity, which is the total number of species recorded in the total number of
monolith per land-use type, (2} the average diversity expressed as the mean of species
number per land-use type and (3) the Shannon-Wiener index of diversity (Pielou 1966):

It
H=->plogmp,
=1

Where, p, is the frequency of the i species.

Figure 4. Sampling
scheme of large soil
monoliths

50 cm
large
monolith 20 ¢m
The second level of
small l taxopomic diversity
monolith deals with earthworm
biogeography (Fragoso
et al, 1997). In a given
ecosystem, two groups of
earthworms can be
distinguished according
to their origin: native or

5m

exotic species.

Native species are characterized by a restricted distribution at local, regional and
continental levels. Exotic species are in many cases introduced by human. They have
been called peregrine to point out their wide distribution at regional and continental levels

(Lee £987).

The ratio of native to exotic can be used as an index for native species extinction or

invasion index of exotic or peregrine species.
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The analysis of earthworm communities through this approach was done by identifying in
each land-used type native and exotic or peregrine species. The structure of earthworm
communities was characterized through the density and the biomass of native and ¢xotic
WOrs.

Functional diversity

The importance of functional diversity of earthworms has been documented widely
{Fragoso et al. 1997, Lavelle et al. 1999, Lavelle 1983, Blanchart et al. 1997). Ecosystem
services of earthworm are related to the impact of their activity on the soil system
(Lavelle et al. 1997). From an ecological point of view, earthworm communities can be
divided into three groups: epigeic, endogeic and anecic (Bouché 1977, Lavelle 1981):

- epigeic earthworms: they are small size with pigmentation and live in the litter system at
soil surface;

- endogeic earthworms: they are medium-size worms, unpigmented and live within the
soil. As a result of their activity, casts are produced within the soil profile and at soil

surface;

- anecic earthworms: they are large and unpigmented. They live in soil but feed at the
surface. Their activities result in dense network of burrows within the soil.

Most earthworms belonging to the endogeic and anecic type are called ecosystem
engineers (Lavelle et al. 1997) because they are active in mixing and digging the soil,
modifying then hydraulic and chemical processes.

Earthworm can be classified according to the ecological categories on the basis of their
density and biomass.

Statistical and data analysis

Species accumulation curves were obtained by taking the number of soil monolith
randomized 500 time using EstimateS software version 6.0b1 (Colwell 2000). Mean
comparison of Shannon-Wiever index, species number and earthworm cast production
were performed using the Fisher PLSD test at 0.05 probability level. The Kruskal-Wallis
test was used to assess the impact of land-use types on earthworm abundance. The
relationship between earthworm abundance and land-use index was tested using
regressions.

Another approach is to normalize earthworm density and biomass before performing
ANQOVA test.

Multivariate analysis like Principal Component Analysis (PCA), Correspondence
Analysis (CA), Co-tnertia analyses can be used to stress factors affecting earthworm
density and diversity across agricultural landscapes (Thioulouse et al. 1995).

Conclusion

The next step will be the collection of data to test the completeness of earthworm
diversity inventories using this rapid sampling protocol. The advantage of this protocol is
its self-control due to the possibility to test the efficiency of sampling the abundance and
diversity of earthworm communities at plot level. The main issues arising from the use of
the methodology included:

*»  Daia availability!?
* Project structure: WCC, EA, CTK. Who is doing what?

s Internal evaluation: Kenya, Uganda, Brazil, India!?, Indonesia!? MEXICQ,
COTE D’IVOIRE

+ Formalin method as agreed in Nairobi???
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o  Molecular characterization???

A study case from Cote d’lvoire

* Use of a COMBINED rapid system of biodiversity inventory

e Two approaches: regular and stratified grid sampling

e Density and biomass characterization

o  Three-step biodiversity measurement method (Hallfter 1998)

Results

e Large monolith (50x50x20 cm) versus small monoliths (25x25x30 ¢m) in the

stratified grid approach

e Stratified approach versus regular approach

Primary forest

SP25
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Multispecific planted trees
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10 year-old teak plantations
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linear relationship
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Table 1. Correction index (SM/LM)

Individuals m-2 Species m-2
LM 108.0£11.7 5.2+022
SM 141.1+18.2 32102
Correction index 1.6+02 -
Table 2. Data for small monoliths
Agro-ecological units Sobs ACE Efficiency (%)
Primary forest 6 8.26 72.6
Secondary forest 7 9.27 75.5
M; planted trees 8 8 100.0
10 year-old teak 7 7 100.0
4 year-old teak 5 3 100.0
Cocoa plantation 7 85 824
Recurrent faillow 10 12.14 824
Mixed crop fields 6 6.78 88.5
Table 3. Data for large monoliths
Agro-ecological units Sobs ACE Efficiency (%)
Primary forest 11 11.43 96.2
Secondary forest 8 8 100.0
M planted trees 10 10 100.0
10 year-old teak 10 10 100.0
4 year-old teak 10 10 100.0
Cocoa plantations 11 11.56 952
Recurrent fallows 11 11 100.0
Mixed crop fields 11 11.68 942
Table 4. Stratified (11 species) VS regular (13 species) sampling
R. SAMPLING S. peints Density Species H
Primary forest 5 66.7 22 0.83
Secondary forest 25 149.1 3.5 1.36
MSPT 21 190.5 4.5 1.93
20 year-old teak 8 192.0 33 1.26
10 year-old teak 7 86.9 2.6 0.69
4 year-old teak 7 221.7 3.0 1.36
Cocea 8 188.0 3.1 £.42
Old fallow 5 272.0 4.6 1.59
Recurrent fallow il 1048.7 4.1 1.77
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R.SAMPLING S. points Density Species H

Mixed crop fields 9 142.2 3.2 1.21
Table 4. continued.

R. SAMPLING Sobs ACE Efficiency (%)

Primary forest 7 §.09 86.5

Secondary forest 12 13.6 88.2

MSPT 13 13.61 95.5

20 year-old teak 11 13.45 81.8

10 vear-old teak 7 7 100.0

4 year-old teak 7 7 100.0

Cocoa 8 8.51 94.0

Old faliow 9 9.29 96.9

Recurrent fallow 12 15 80.0

Mixed crop fields 9 9.78 92.0

For regular sampling approach: B diversity ranged 0-33.3%; vdiversity = 34 species
Table 5. Stratified sampling

Sobs ACE efficiency (%o)
Primary forest [§! 11.43 96.2
Secondary forest 8 8 100.0
Multisp. pl. tree 10 10 100.0
10 year-old teak 10 10 100.0
4 year-old teak 10 10 100.0
Cocoa plantation 11 11.56 952
Recurrent fallow 11 11 100.0
Mixed crop fields Li 11.68 94.2

Mean number of species + SE

Shannon index £ SE

Primary forest 420+ 046a 1.70+£ 6.19 ab
Secondary forest 393+£041a 1.56+£0.17a
Mspt 6070400 2.03+0.11 be
10 year-old teak 420+028a 1.79+0.11 ab
4 year-old teak 600+037b 1.97x0.12 be
Cocoa plantat 6.93+030c 221£0.08a
Recurrent fallow 4600210 155+ 0.10¢
Mixed crop F. 533+036a 1.92 +0.08 be

For stratified sampling: p diversity (0-22.2%); diversity (41 species)
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2. STANDARD METHODS FOR THE INVENTORY OF TERMITES AND ANTS

Dr. KONATE Souleymane
University of Abobo-Adjamé (Cote d’Ivoire) skonate2@yahoo.fr

1. Outline
e QOverview on standard methods for inventory of termites and ants
o BGBD minimum sampling protocol
o Natural History Museum of London (NHM) rapid protocol
e Standard protocol used by the different countries in BGBD
o Study case from Céte d’Ivoire
o Synthesis from the workshop in Kenya
¢ Some open questions

2. Qverview on standard methods for inventory of

Transect W PF  ormites and ants

A a
Q 1. BGBD-CSM Minimum sampling protocol for termites,
L ants and beetles
E .i!rn
| MANDATORY
Manalith ; : a) 1 monelith (25x25x30cm) per sampling point
.. - i 8 P Subterrancan (litter) termites, ants and beetles
n 2m [18 (1)1 transect (20x2m) per sampling point
5 ; P termites in soil scrape, soil surface and trees
; : P standardized sampling effort
; ] (c) 3 Winkler extractors (1x1m) per sampling point
. | : > ants and bectles in litter
5m: i : (d) 3 pitfall traps (13cm diam) per sampling point
: : s P ants and beetles in litter
ST OPTIONAL
A » Transect should be perpendicular to the slope
and baited pitfall trap are optional

2. Natural History Museum of London (NHM) rapid sampling protocol for soil and
litter invertebrates

o e T TERMITE TRANSECT
= (from Jones et al., 2000) :
g 01° e 1 transects of 100 m
°01  B. s 20 section of 10 m?/ transect
&l oo o 12 soil scrapes / section
| s 2 persons/ transect
X e s 45 minwtes / transect
bl (30min scrape/15min microsites
ome ANTS TRANSECT
— (from Agosti ef al., 2000) :
B Oe e 2 transects of 100m each
; 1 : e 15 Winklers of 1m?
12 Soll Scrapes °0 e 15 pitfall trap
(12x12x18cm) Y e
] * 2 persons/ transect
CImi Sampling efficiency : More than 70%
1 Dc
12m; _":S-m -
ob st}
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3. Standard protocol used by the different countries in BGBD
1. Study case from Cote d'lvoire

Table 1. Sampling effort in Cote d'lvoire

12 soil Scrapes

Land use types Dates Locations No of tubes
Annual Crops 30/06/04 - 104 54
(A 05/07/04 103 bis 59

101 bis 87

96bis 101

Perenial Crops  29/06/04 - 106 bis 62
PO 07/07/04 108 102

107 66

102 56

Fallow  08/07/04 - 106 62

(FA) 12/077/04 115 64

116 48

119 97

Plurispecific ~ 13/07/04 - 86 83
Reforestation 16/077/04 75 109
(PR) 53 113

42 83

Old Monospecific  17/07/04 - 31 70
Reforestation 21/07/04 20 88
Teck 1994 (OMR) 21 64
40 109

Young Monospecific ~ 22/07/04 - 131 102
Reforestation Teck 26/07/04 80 84
2000 (YMR) 81 112

92 96

Primary 27/07/04 - 59 92

forest 30/07/04 58 63

(BF) 60 53

36 79

(12x12x10em)




Land use types Dates Locations No of tubes

Secondary  31/07/04 - 25 83
Forest 04/08/04 26 82
(UF) 16 53
13 104
TOTAL  30/06/04 - 32 2580
04/08/04 (320 sections
(32 jours) of 10m2/
400s)

NOMBRE D'ESPECES

25 — —
20
- / / ~ACE
” // ICE
5

/
o+r—r——r——rr— 77777

Figure 1. Sampling efficiency > 70%

1 3 5 7 9 %1 13 18 17 19

TRANSECT
26 - Figure 2. Monololith
4 genera & 7 species;
201 Transect: 21 genera &
g 47 species
% = O Monclithe
: @ Transect
s‘é 10 -
2
.
0
Monotithe Transect
Méthode d"échantillonnage
Family Sub-family | Genera Sp
Tai forest 3 7 303 44
QOume Forest 2 5 21 47

+ From Sangaré et Bodo (1978)

1. Synthesis from the workshop in Kenya



BRAZI MEXIC |INDONESI |INDI UGAND KENY COTE MINI

BENCHMAR 1 1 2 1 1

USE

WINDOW 6 3 4 2 6 5 1 1
| USE

GRID Y Y Y Y Y Y Y Y

USE

POINT 5 b 6 7 3 4 3

PER LU

PROTOCO BGBD BGBD BGBD BGBD BGBD BGBD Hal BGBD
USE Minimu Mini Minimu Minimu Minimu Minimu | HN Minimu
ADDITIONA | Winkle Winkle Winkle Winkier Pitfal Winkler W&Pi
PROTQCO Pitfal Pitfal Pitfal Pitfal Pitfal Mon Separatetra s
TRANSEC 202 20x2 20x2m 20x2 20x2m 20x2m 50x2m 20x2m
LENGT

TRANSECT 1 1 3 1 1 1 1

PER

SAMPLIN 15mi 15mi 90mi 60mi 15mi 30mi 45mi 60
EFFOR / 4 2 2 er

CASUA Some 14 10 10 10 60
SAMPLIN 30mi 60min/2per surfac ?
SEASONA 1 1 1 2 1 1 1 To be
SAMPLIN

DENSIT N YES To be
DETERMINE | (frequency M. )

BIOMAS N N N N N N To be
DETERMINE )

BAITE N N N N N N To be
PITFAL B

SAMPLIN GOO GO0 GOO To be
EFFICIENC 80 70

Open questions
Density and biomass of higher termites (fungus growing) in Asia and Africa

Al N

Abundance and diversity of subterranean ants

Question of baiting traps
Effect of seasonal variation on sampling
Optimal sampling effort (time spent/transect)

Co-location with sampling of otber taxa (earthworm and microflora)

Need of complementary sampling

3. Standard Methods for Mesofauna Inventory: BGBD Programme
Indonesia

Introduction
Mesofauna comprises animals of body sizes ranging from 0.2 to 2.0 mm, /.e. Acarina and
Collembola, whose abundance can not be assessed by means of hand sorting from the

soil. The sampling for mesofauna (and other soil biota) was conducted in accordance with
the proposed standard methods for BGBD inventory.

Agus Karyanto and ' X. Susilo

Faculty of Agriculture, University of Lampung, Indonesia
e-mail: agsknila@yahoo.com or fxsusilo2000@yahoo.com

Sampling Methods
Mesofauna was collected by using two sampling methods; the composite of soil cores
and the pit-falls trap. Soil core samples were used to collect Collembola that inhabit in the
deep soil, whereas pit-fall trap methods were applied to collect soil surface dweller

Collembola (and other arthropods).
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A. Soil cores sampling and Berlese’s extraction

The soil cores were located in ring of 3m and 6m, whereas the closest pit-fall was located
14m from the monolith centre. In the 3 m ring, four sub-samples were located equidistant
in between two sub-samples of nematode/microbes (so in the 3 m ring there should be one
north-east + one south-east + one south-west + one north-west of the monolith). The rest
of the mesofauna soil cores were located in the 6 m ring, each was located equidistant in
between two sub-samples of nematode/microbes. Soil sample was collected from 3.5 x
3.5 x 3 cm by using a small spade with certain volume. Soil from 12 sub samples was
then placed on a 5-kg plastic bag as a composite.

The composite soil sample of was then divided into 10 plastic bags averaging of 1 kg,
labelled, and all bags were transferred into a 30 x 35 cm cloth bag to prevent the death of
Collembola. Cloth bags have been very efficient for temporary storing and transporting
sample for a longer distance and time because the cloths allow air to circulate and prevent
nunwanted rise in temperature. As opposed to the use of big plastic-bag that could
substantially increase the soil temperature and may lead to Collembola’s death. Avoid
unnecessary exposure to direct sunlight during sample bagging in the field. Upon arrival
in the base-camp, all cloth bags were arranged according to their respective land use and
window. Soil samples were then packed in a cartoon box pre-layered with paper to
maintain moisture stability inside the box. Samples were then transported using an air-
conditioned automobile to the Entomology Laboratory at Museum Zoologie Bogoriense
(MZB) Cibinong, Bogor.

Upon arrival in the laboratory, one litre of soil was immediately transferred into a Berlese
funnel, i.e. soil was spread evenly on a 6x6 mm mesh wire platform inside the coned-
aluminium funnel (Figure 2 and 3). A light bulb of 10 watt was set on top of the soil
samples and the lid on top was closed to prevent entry of other insects during incubation
time of 4-5 days. In some cases, heating/drying process could be done using sunshine or
room temperature (incubation time of 10 days or depending on the soil moisture content).
The use of light bulb might attract nocturnal insect especially if Berlese funnel was not
properly closed or soil might be dried too soon due to increasing temperature. The
incoming insect could overestimate the number of the catch while the fast drying soil
might cause the death of the faunas. Applying room temperature was relatively safe but
the top of the funnel had to be tightly closed.

Figure 2. Berlese funnel filled with soil and litters.
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Figure 3. Schematic diagram of Berlese
funnel made from aluminium.

The basic principle of Berlese's funnel is that
soil organisms wili avoid the increase
temperature or dryness in the soil. The soil or
leaf sample is placed in the removable upper
part of the funnel. Heat or light from the lamp
creates a temperature gradient in the soil
sample; the upper part of the soil will be
warmer than the lower one. This condition
stimulates the downward movement of soil
arthropods, and similar organism, into deeper
layers to find lower temperature/more humid
environment, and finally through the gauze
(wire mesh) to a receiver container attached to
the base of the funnel. The position of the
lamp should be adjustable to enable the
temperature of the soil to be raised gradually

570 mm diameter
metal tray with
6 x 6 mm mesh —
base and
12 mm lags

800 mm diameter
metal furnel with
25 mm lower

aperture

supporting <
frame

Screw top fid

fastened to !
70 mm gauze tube
Collecting jar @

thus preventing the slower moving species from becoming trapped in hard dry cakes of
soil. The receiver, usually a jar or a bottle, is filled with 96% ethanol for preservation and

harvested at 4-5 days intervals.
B. Pit-fall Trap

Materials for setting pit-fall trap were 13.5 com plastic buckets, small spade, plastic cover,

bamboo sticks, 1% of detergent solution.

Three unbaited pit-fall traps were set at 2 m from the Winkler samples or 14 m from the
monolith centre. Pit-falls trap, made of a 13.5 cm diameter plastic bucket, was buried in
the soil with its mouth approximately 0.5 cm above the soil surface (Figure 4) for not
allowing rain-water flow into the bucket (the sampling was conducted during the rainy
season). The trap was filled with 200 ml of 1% detergent solution to avoid faunas
escaping from the trap. A plastic cover with dimension of 20 x 20 cm was placed 15 cm
above the mouth bucket to prevent the rain falls directly into the bucket.

The basic principle of the pit-falls was
to collect all possible actively dwelling
meso- and macro- faunas on the soil
surface that falls into the trap. A 24 hour
after its instalment, the bucket was
emptied and any faunas caught along
with the detergent was transferred into
plastic bag and labelled for its location,
date, window, and land use.

Figure 4. The placement of pit-fall trap
(o 13.5 em diameter plastic bucket) in
soil (top)

Upon arrival in the base camp, sample faunas were washed with water to remove the
detergent. Ant and termites were stored in vials filled with 75% ethanol, whereas
Collembola was filtered with Collembola filter (53 p mesh). After the specimens were
freed from soil and other debris, Collembola was transferred into vial filled with 96%
¢thanol and ready to be brought to the laboratory. Termites and Collembola were
identified up to species level while ants are up to generic level.
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Collembola Sorting & Identification
e [aboratory of Soil Arthropods of Zoology Division of LIPI in Bogor,
Indonesia

¢ Identified up to genus or species level after Yosii (1981, 1982a, 1982b and
1983)

e Sample previously stored in 70% ethanol
e (Clearting specimen w/ Neshitt’s fluid

e Mounting specimen w/ Berlese solution
e Slides are dried at 700C for 7d in an oven
Clearing Specimen

Nesbitt’s fluid:

e 25 ml distilled water

¢ 40 g chloral hydrates

e 2.5mlof IN HCI

v Alternative: KOH or NaOH

Mounting Specimen

Berlese solution: a mixture of ........

20 m! distilled water
IS g Arabic gum

50 g chloral hydrates

5 ml glycerine, &

5 ml glacial acetic acid

VoW~

Hoyer's medium
e distilled water 50 ml,

e gum arabic 30 g,
o chloral hydrate 200 g,
e glycerine 16 ml.

Data Analyses

Sorting and Identification

Sorting and identification of Collembola were done in the laboratory of Soil Arthropods
of Zoology Division in Cibinong, Bogor, Indonesia. The Collembolan fauna was
identified up to genus and species level. Slides were made to identify Collemboia
specimen through clearing and mounting process. Observation was done under compound
microscope. Specimens can be cleared in Nesbitt's fluid (Wang ef al., 2003) (distilied
water 25 cm’, chloral hydrate 40 g, IN hydrogen chloric acid (HCI) 2.5 cm’). Berlese
solution was used for mounting process on object glass and covered with cover slip and
dried up in the oven before observed under microscope. Berlese solution was a mixture
of 20 ml aquadest, 15 g Arabic gum, 50 g Chloral hydrates, 5 ml glycerine, and 5 ml
glacial acetic acid (Christiansen in Dindal, 1990).

Identification of a specimen is best done using a phase contrast compound microscope.
Identification and classification were based on Yosii (1981, 1982a, 1982b and 1983).
Number of individuals of each order from each site was counted to study the abundance.
Collembolan species composition comparison among land uses was performed by
hierarchical analysis using Average linkage of agglomerative clustering based on
transformed abundance numbers. The number of individual was transformed using
following equation: x'=1og10(x+1). Transformation was used to avoid the risk of over
emphasizing of dominant species in the data analysis. Collembolan species diversity was
performed by using Shannon-Wiener Diversity (H) and Simpson's Diversity (1-D) with
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Program DIVERS Ver. 5.1 from Ecological Methodology Package for Windows. The
Shannon-Wiener index is particularly sensitive to the abundance of rare species, in
contrast, Simpson's Index 1s more sensitive to changes in the more abundant species than
rare species (Krebs 1989), Simpson's index is used to calculate the distribution of
abundance each species (equitability).

Result of Collembola inventory in Indonesia
The two sampling methods were successfully conducted for the study of the
Collembola inventory in Sumberjaya, Indonesia. The soil cores were intended to catch
deep soil Collembola, whereas the pit-fall trap was aimed at catching soil dweller
Collembola. Both methods were comparable with pit-fall resulting in higher number of
catch than that of coil cores {Table 2). The family composition of Collembola obtained
from both sampling method is shown in Figure 5 and 6.

Table 2. Comparison between two sampling methods for mesofauna inventory

from it

- Type of Sampling
Description Soil Cores Pit-fall
A. Sampling
Protocol in each sampling 12 soil cores bulked into 3 pit-falls; faunas collected
point composite and take @ | kg of soil | 24 h after trap sefting

Sample handling

Soil sample is put in Berlese
funnel to collect faunas.

Collected samples are
washed and filtered thru 53 p
mesh.

B. Result
Total no. of catch 3154 14245
No. of taxa identified 20 order 21 order

The most dominant taxa

Collembola 41 %
Acarina 36 %

Collembola 60 %
Hymenoptera 24 %

1305 individuals

Diptera 4.6 % Diptera 7.2 %
Collembola 7 families 9 families
44 species ?

8527 individuals

Dominant family

Isotomidae 41.68%

Entomobryidae 42.25%

Entomobryidae 39.40% Hypogastruridae 39.18%
Hypogastruridae Sminthurididae 8.52%
Abundance ranged from 4.5 to 44,30 20-110 encounters per trap
encounters/litter
Diversity ranged from 10 to 24 species nd*

*nd = not determined

Similarity (%)
100 904 808 713
e —

Secondary Forest

Tree based less intensive I

I Tree based intensive—l

(st o

Crop based less intensive l-l

(from Rahmadi, 2004)

Discussion

Figure 5. The cluster analysis of Collembolan
communities in seven land use in Indonesia based on
Average linkage using MINITAB Program for Windows

Indonesia selected 7 land uses in Lampung benchmark for
BGBD inventory and each land use type had previously

LCI’OD based intensi\EI-'r

(desktop study) been assigned to have 14 sampling points,
with a total of 98 (7 x 14) sampling points. In fact, not all
land use types could contain 14 sampling points due to
their low availability in the field, for instance CBLI (crop-
based less intensive) could only accommodate 6 sampling

points and FLI (forest less intensive) only had 12 sampling
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points, and hence the total sampling points in Sumberjaya were 88. Nonetheless, we feel
that the number of sampling points per land use type was still too many and need to be
reduced any way. Five or six sampling points per land use type may be a reasonable
number.

Coilembola was the most dominant fauna collected from both soil cores method and pit-

fall traps, which composing of 41- and 60-% respectively of the total catches. Both
methods were able to catch

additional sampling scheme for significant number of

: Collembola in the study site and
mesofauna mvent(_) ry? i they, therefore, should be

‘ ' implemented for the study of

Collembola. An elaboration of
pit-fall trap, however, needs
further investigation, i.e. using
120 ml of 96% alcohol solution,
instead of 1% detergent
solution, and faunas are
collected 72 h after trap setting
(compare to 24 h with detergent
solution).

= 12 soil cores bulked as compaosite .
= 3unbaited pitfall filled with Other means for collecting

1% detergent solution N L mesofauna from litter could be
S asdRi done by hand using a “mouth
operated aspirator”, a manually
sucking device with plastic
pipes attached on collecting transparent tubes that operate like a vacuum cleaner. A
worker puts one end of plastic pipe into his/her mouth, sucking it, whereas the other end
is an inlet to collect faunas previously filtered (sieved) from litter that fallen on white
cloth. The litter is obtained from 1 x 1 m® soil surface with three replicates per sampling
point. The time needed to collect the faunas is 30 minutes in each quadrate, and 90 for
the tota! of 3 quadrates. Collected samples are then stored into vial filled with 96%

alcohol.

J

A sucking-type aspirator

Compare to Simpson index diversity, the Shannon-Wiener was relatively more
fluctvating. The Shannon-Wiener index is more sensitive to rare species rather than
Simpson index (Krebs 1989).
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Conclusion

. The sampling protocol was conducted according to the plan although
the number of sampling points per land use needs to be reduced. We
suggest that five sampling points per land use are considered
representative enough to study the mesofauna.

2. Twelve soil cores and tree pit-falls per sampling points are very
representative methods to study the diversity and abundance of
Collembola.

3. Additional sampling methods are proposed; (1) “new” pit-fall trap
filled with 120 ml of 96% alcohol solution and set in the field for 3 days,
and (2) sieving litter methods by using aspirator to collect the faunas.

4. Methodology for soil nematode diversity evaluation

Huangz, S. P. (in memoriam) and Cares’, J E. & Andrade®, E. P.

'CSM-BGBD Project co-funded by UNEP and GEF; *Universidade de Brasilia, Instituto de
Ciéncias Biologicas, Dep. de Fitopatologia, C. Postal 4457, 70904-970, Brasilia, DF, Brazil. E-
mail: cares(@unb.br.

1. Soil sampling:

In the grid system, from each point, draw two vertically cross lines and two circles, with 3
m and 6 m radius, respectively. A carbon steel tube makes four sampling cores with 20
cm depth in the small circle, and eight cores in the large one, as below figure shown. The
twelve soil cores are placed into a plastic bag, which has to be sealed to avoid desiccation,
and also kept cut of sunlight. They are transported in an insulated box to the laboratory,
and stored at 4 °C until extraction that should be done as soon as possible.

2. Soil water content and Nematode extraction:

After the soil sample is uniformly mixed, 300 cc of soil from the soil bag is added with 2-
liter water in a bucket, agitated for 30 seconds, and waited another 2 min for
sedimentation of soil particles. The suspension is then passed through a 60-mesh (250
um) screen, and nematodes are collected directly by 400-mesh (37 jim) screen, The
nematode suspension is further clarified by a modified centrifugation sugar flotation
method (Jenkins, 1964). By the method, the suspension is rotated at 3500 rpm for 5
minutes to discard the supernatant. After the residue in the centrifugal tube is re-
suspended with sucrose solution (456 g/l), and re-rotated at 1000 rpm for 1-2 min,
nematodes are then collected from the supernatant by a 37-um screen.

3. Nematode fixation and counting:

The extracted nematodes are killed by hot water at 50-70 °C within less than 1 min, and
fixed with Golden solution (final in 3 % of formalin) (Hopper, 1970), and the suspension
is adjusted to 15 ml. The nematode population is totally counted, or counted by randomliy
removing | ml from the solution, and the total number is calculated by the mean of three
counts x 15.

4. Glycerin infiltration and nematode observation:

Seinhorst’s method (Seinhorst, 1959) is modified to avoid picking up nematodes one by
one for making high amounts of permanent slides. By this method, the nematode
suspension is reduced to 3 ml, also added with 7 ml of Seinhorst I solution in a 5-cm-
diameter Petri dish, and placed into a desiccator at 43 °C for overnight. The solution,
being removed from the desiccator on the second day, is dried at the same temperature for
4 hrs or more, to reduce at least half volume. After being completed to the same volume
(10 ml) with Seinhorst I solution, the dish is returned to the desiccator for overnight
again. The process is repeated for three times (it is not necessary to add Seinhorst il for
the last time), and the dish is maintained at the same temperature for at least 48 hrs, the
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time sufficient to evaporate all aicohol. After this process, the nematodes from the dish
are mounted on slides. One hundred nematodes from the slides in each sample are
randomly selected for identification to genus level by using a compound light microscope
(400-1600x).

5. Functional groups:
‘The nematodes in genus level are then allocated into five trophic groups (bacterial and
fungal feeders, plant parasites, omnivores and predators) based on information of Yeates

et al. {1993).

6. Indices and parameters:

The data are then transformed into the following measurements with formulas described
for absolute frequency, total abundance, relative abundance, trophic groups (bacterial and
fungal feeders, plant parasites, omnivores and predators) (group allocation after Yeates et
al., 1993) (If one nematode had two types of feeding habits, its population number was
divided by two for each one), genus richness index (d = (8 — 1)/log N, where S = number.
of genera, and N = total number. of nematodes), Simpson’s diversity index (Ds=1 -
Z(p.),, where, p. = percent of genus “i” in the total abundance), Shannon-Wiener’s
diversity index (H" = -X p, log; p,), evennesses of Simpson’s diversity index (Es =
Ds/Dsmay. where Dsp,, = 1 - 1/8) and of Shannon-Wiener’s diversity index (J’=

H'/H max, where H max = Log, S), trophic diversity index (T = 1/Z (p;)’, where p; =
relative abundance of one trophic group) (Norton, 1978; Magurran, 1988; Krebs, 1994),
the ratios of fungivore/bacterivore (FF/BF) and of (fungivore+bacterivore)/plant parasite
((FE+BF)/PP), and percentages of criconematids and of dorylaimids in population.

Bongers (1990) allocated soil nematodes from colonizers (¢) to persisters (p) (similar to r-
and k-strategists, respectively) into cp scale from 1 to 5. The ¢p | colonizers were
characterized with short generation time, producing many small eggs, always active,
present dauer larvae and growth under food-rich conditions, in contrast, the cp 5 persisters
were distinguished by long generation time, producing few but large eggs, low motility,
absent dauer larvae and very sensitive to pollutants and other disturbance factors
(Bongers & Bongers, 1998). Based on these concepts, several indices have been used as
soil assessments: the maturity index (MI) (only including these free-living nematodes)
(Table 1) and the plant parasitic index (PPI) (only including those plant parasites) (Table
2). To measure soil disturbed level (Bongers, 1990), both indices were calculated by the
same formula, Z v; x f; (where, v; = c-p value from | to 5 for genus “i”, and f; = relative
frequency of genus “i”’), MI, s (same as MI, but the cp-1 nematodes excluded) to evaluate
pollution-induced stress factors, the PPI/MI ratio to assess soil fertility (Bongers &
Bongers, 1998).

Figure 1. Scheme of 12 soil sampling points:

@  Sampling point

O Cne point in the grid system
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Scheme of Modified Seinhorst’s method

(Process of infiltration of glycerin to high amount of nematode poputation)

3 parts Golden X Desiccator Drying at 43 °C
7 parts Seinhorst | at43 °C for 4 h, to reduce
overnight about ¥4 volume

Drying at 43 °C Desiccator l
for 4 h, to reduce —— at43 °C -« Complete
reduce about ¥z volume overnight Seinhorst I1
Complete Desiccator Drying at
Seinhorst II g at 43 °C ' 43 °C
Overnight for 4 h
Drying at Desiccator
43 °C -— at 43 °C
for 48h overnight

{(In this process, the desiccator is filled about 1/3 of volume with 96% alcohol)

Composition of reagents used for nematode fixation and glycerin infiltration

Golden X Golden 2X
Formalin (+ 40% formaldehyde) & parts 16 parts
Glycerin 2 parts 4 parts
Distill water 90 parts 80 parts
Seinhorst I Seinhorst 11

96% Alcohol 20 parts 95 parts
Glycerin 2 parts S parts
Distill water 78 parts

Table 1. Families and cp values used for the maturity index™:
Neotylenchidae 2 Achromadoridae 3

Anguinidae 2 Ethmolaimidae 3
Aphelenchidae 2 Cyatholaimidae 3
Aphelenchoididae 2 Desmodoridae 3
Rhabditidae 1 Microlaimidae 3
Alloionematidae 1 Odontolaimidae 3
Diploscapteridae 1 Aulolaimidae 3
Bunonematidae ] Bastiantidae 3
Cephalobidae 2 Prismatolaimidae 3
Ostellidae 2 Ironidae 4
Panagrolaimidae 1 Tobrilidae 3
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Myolaimidae
Teratocephalidae
Diplogasteridae
Neodiplogasteridae
Diplogasteroididae
Tylopharyngidae
Odontopharyngidae
Monhysteridae
Xyalidae
Linshomoeidae
Plectidae
Leptolaimidae
Halaphanolaimidae
Diplopeltidae
Rhabdolaimidae
Chromadoridae
Hypodontoiaimidae
Choanolaimidae

huwuwuwwum———-—»_nmw

Onchulidae
Tripylidae
Alaimidae
Bathyodontidae
Mononchidae

~ Anatonchidae

Nygolaimidae
Dorylaimidae
Chrysonematidae
Thornenematidae
Nordiidae
Qudsianematidae
Aporcelaimidae
Belondiridae
Actinolaimidae
Discolaimidae
Leptonchidae
Diphtherophoridae

AT T I s O o O T S S S S T R U

*after Bongers (1990)

Table 2. Families and cp values used for plant parasitic index*

cp2 cpd

Tylenchidae Dolichodoridae Trichodoridae Longidoridae
Psilenchidae Hoplolaimidae

Tylodoridae Pratylenchidae

Ecphyadophoridae Heteroderidae

Paratylenchidae Meloidogynidae

Anguinidae Hemicycliophoridae

*after Bongers (1990)

5. Report on the “Methodology for assessment of arbuscular
: mycorrhizal fungal diversity” :

based on discussion during the training course on the subject held from March 21-25,

2005 at Bangalore, India.
The methodology for the assessment of AMF diversity originally proposed by Dr. D

Joseph Bagyaraj, was discussed thoroughly during the first day of the training course on
“ Arbuscular mycorrhizal fungi and ectomycorrhizae™ held at Bangalore from March 21 -

25, 2005.

The participants did not express any difficulties regarding the method of staining the root,

determination of percent mycorrhizal colonization, extraction and enumeration of AM

spores in soil and MPN method for estimating the number of infective propagules of AM
fungi in soil (All these are optional methods). Regarding the identification of the diversity

of AM fungi using trap plants, some of the participants expressed that the plants
suggested for “trap pot culturing’ viz., sorghum and cowpea do not grow well or get

diseased after a few days. After discussion, it was decided to use any suitable host plants,
preferably a legume and a grass mix, for this purpose. Similarly Indonesian participants
expressed the difficulty in getting onion seeds in Indonesia (as onion crop is raised from

buibs in their country). They were also suggested to use any suitable host, preferably a
grass, for this purpose. The discussions were followed by a practical on all the above

methods.
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6. Methods for the inventory of phytopathogenic, saprophytic and
antagonistic fungi

1. Methods used by BGBD Mexico

(In charge: Dr. Pilar Rodriguez-Guzman)

Field Sampling

8 Composite soil samples (without litter) obtained by coring (0-20cm deep)
o 4 cores from a circle with a radius of 3m around the grid point.

o 4 cores from a circle of 6m radius around the grid point.

8 points chosen in every land use.

O“Pitfau trap O 20m O

E m -
i

20 by 2 m Trassect for termifes I m2 quadrat

onolith for macrofauna

Land Use Systems

Rainforest
Agro rainforest

Pasture

Maize

3 Windows:

Lopez Mateos: samling done1® -10™ Dec 2004
Venustiano Carranza: sampling done 12" -20"™ Dec 2004

. San Fernando: sampling done 22™ -31¥ Dec

Handling of Soil Samples

Soil collected in polythene bags
Kept at 5° C in field freezers

Transported to laboratory and kept in cold room at 5°C.

A Isolation from Soil Samples

Aspergillus, Penicillium, Trichoderma, Fusarium studied

Soil dilution plate technique used

I g of soil and roots added to 9m| of 2% agar water ( 10"'). Shaken in a Vortex shaker.
After that 1.0 ml of the first dilution was pippeted and added to 9.0 ml of 2% agar
water (10™%) .The solution was shaken in a Vortex. From this last soil difution 1.0ml

was taken and pippeted into plates.

Media

For isolation of Aspergillus, Penicillium, Tridroderma, Fusarium PDA used

For isolation of Phytophthora , Pythium
n PARHP media ( Jeffers and Martin, 1986)
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o 3P media

QObservation
* Done after 72 hours (in case of few fungal colonies the plates were kept in incubation
for more time).

e Mostly on PDA - kept for 3-5 days
e  PARPH - kept for 10-20 days
3P - kept for 10-20 days

B. Isolation from roots

e Aspergillus, Penicillium, Tridroderma, Fusarium and Rhizopus studied

e  Washed in 1% Sodium Hypochlorite for 30 seconds and then washed in sterilized
distilled water , dried in sterilized paper towels cultured on PDA, PARPH,

Selective Media
* Used for the following:

e (i) Fusarium spp.
o -Kerr medium 28°C in darkness for 3days
o -SNA medium 28°C in darkness for 3days, then room temperature and light.

Methodology like above but plates incubated at 28°C in the dark from 3-5 days then
kept under room temperature and light.

Observation - growth characteristics , texture , color.
e (1) Rhizoctania solani - Komada and Hora medium

¢ (iii) Trichoderma sp.
o -PDA + lactic acid medium
o -PDA + pink of Bengal medium

Method similar to the one described above for Pythium, Phytophthora and Fusarium
but plates kept at room temperature under direct light conditions for 5days.

Identification keys
1. Isolates of Fusarium spp., obtained from SNA medium are being identified applying

the next references and taxonomic keys:

» Nelson, P.E., Toussoun, T. A. and Marasas, M. F. O. 1983. Fusarium species: An
Tilustrated Manual for Identification. .Pennsylvania State. University Press.
University Park.

e Burgess, L. W, Summerell, B. A., Bullock, S., Gott, K. P., and D. Backhouse. 1994.
Laboratory Manual for Fusarium Research. Third Edition. Fusarium Research
Laboratory. Department of Crop Sciences. University of Sidney and Royal Botanic
Gardens. Sidney. Australia.

2. Phytophthora spp. isolates will be identified applying Waterhouse

taxonomic keys:

e  Waterhouse, Grace M. 1963. Key to the Species of Phytophthora de Bary.
Mycological Papers, No. 92, Commonwealth Mycological Society, Kew, Surrey,
England

3. Pythium spp. 1solates will be identified with

4. Rhizoctonia solani will be identified with the next key:

e Sneh, B, Burpee, L., and Ogoshi, A. 1991. Identification of Rhizoctonia Species.
APS Press. The American Phytopathological Society. ST. Paul Minnesota,U. S. A.

5. Trichoderma spp isolates will be identified with the next keys:

e Samuels, G. J., Chavarri, P_, Farr, D. F., and McCray, E. B. (n.d.) Trichoderma
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Online, Systematic Botany and Mycology Laboratory, ARS, USDA. Retrieved
March 21, 2005, from http://nt.ars-

5 i L2 i S Trichodermalne o .
rin.gov/taxadescriptions/keys/Trichodermalndex.cfin

2. Methods applied in BGBD Indonesia

In charge: Ms Titik Aeny

Field Sampling

12 Composite soil samples (without litter) obtained by coring (0-20cm deep)
4 cores from a circle with a radius of 3m around the grid point.
8 cores from a circle of 6m radius around the grid point.

Total number of soil samples 88

Land Use systems

Intensive forest

Less intensive forest

Tree —based system non ( less) intensive including shade coffee or multi-strata coffee
Tree- based intensive ( including coffee monoculture)

Crop-based ( food crops)

Crop-based ( horticulture)

Isolation from Soil Samples

(1) Soil Dilution Plate Technique

30g soil in 300ml sterile 0.1 water agar. Blend , then transfer Iml to 99ml in a bottle
to give 1:1000 . Serial dilutions repeated up to 1:10000

Transfer 1.0ml to selected media
5 replicates
Incubation —room temperature

Media

Thielaviopsis - carrot discs

Fusarium — Komada media ( Komada, 1975)
Pythium — Reischer Agar

Verticillium — Soil Extract Agar
Phytaphthora — V-8 juice media

Isolation from soil sample

*

(i) Baiting Technique; Soil samples put inside baits.

Apples, cucumber and carrots used as baits

Bored by lem cork-borer with 2em depth. Holes filled with soil samples then covered
with a cello tape and incubated in room temperature for 2-3 days. When dark brown
spots observed, infected tissue transferred to PDA.

(i) Disease Incidence Assessment

Number of plants that show disease symptoms; Diseases identified using the Index of
Plant Diseases.

IDENTIFICATION KEY
29997797
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3. Methods for inventory of phytopathogenic fungi used in KENYA
Field Sampling
¢ Same as Indonesia
s Land Use Systems
o Tea

_Coffee
. Maize based
. Natural Forest
. Planted Forest
. Napier farms

Maize
¢ Sample sites — Embu 60 points; Taita 40 points

Handling of Soil Samples
s Collected in paper bags and brought to laboratory. Kept in fridge at 2-5° C

s Kept at room temperature for 3days before analysis.

Laboratory Analysis

A. Isolation from Soil Samples
Trichoderma
(i) Soil dilution plate technique

The dilution plate method was used for the estimation of the fungus. 1/10, 1/100, 1/1000

diiutions of the samples were prepared (Warcup, 1955). Before the setting of the organic

matter and soil particles, 1 ml of the dilutions was applied to prepared plates of malt

extract MEA.MERCK )

(ii) Soil washing technique

Set of 4.0 mm, |.0mm, and 0.5 mm sieve

Media

e Malt Extract Agar (MEA) and Cornmeal with 2% of dextrose (CMD) with
streptomycin 50mg /L and Cyclosporine 10mg/L .

o TFor initial isolation, cultures kept at room temperature .

= For identification, cultures grown on PDA and maintained at 15, 20, 25, 30, 35°C.

Observation

e  Morphology study —lactophenol in cotton blue.

e Measurements done on KOH and water.

» Key compiled by DR. Gary J. Samuels from USDA , Beltsville, USA http://nt.ars-
grin.gov/taxadescriptions/keys/trichodermalndexa.cfm

e Morphological key with descriptions and over 500 images for the 32 species of
Trichoderma.

Pythium
Baiting Technigque
s Baiting tissue Kikuyu grass (Pennisetum clandestinum) leaf blades

+ Infected tissues transferred into sterile water with antibiotics (Chloramphenical) for
few hours.

* The growing mycelium are verified direcily by water mounts in a microscope or
transferred from the bait to the isolation media CMA with antibiotic Chloramphenical
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(20mg/L.) and Benomyl (10mg/L
e Species that produced submerged cultures on CMA were cultured on PCA for further
screening

Observation

e Number of infected tissues counted

* Morphological features used

o Monograph of genus Pythiwm. Van Der Plaats -- Niterink (1983)

4. Cote d’lvoire: methods for phytopathogenic fungi
In charge: Dr. Hortense Diallo

Field Sampling

¢ Like Indonesia and Kenya

e 107 points covering eight land uses were sampled.

¢ Due to major constraints only 40 samples are being processed.

Isolation from soil samples for
Trichoderma Aspergillus, Penicllium, Gliocladium, Fusarium, Curvularia.

i} Soil Dilution Plate Technique
a 10g of soil in 90m! of sterile water. Serial dilutions made (10, 107, 107, 107,

and 107).
* Acidified malt agar (0.25 mg of citric acid/l) in suffusion was added.
e The Petri dishes were then incubated in the dark at 28°C.
(ii) Soil Washing Technique
e Setofl, 0.5 and 0.25 mm mesh used
e Six particles from 0.5 and 0.25 mm mesh size
¢ Media acidified malt agar.
e The plates were then incubated in the dark at 28°C.

Observation

Identification keys

e Bamnett HL. and Hunter B.B. 1972, Illustrated genera of imperfect fungi. Third
Edition, Burgess Publishing Company, Minneapolis, Minnesota.

» Kiffer E. et Morelet M. 1997. Les Deuteromycétes: classification et clés
d’identification générique. INRA Edition, Paris, France.

* Bottom B. et al. 1990. Moisissures utiles et nuisibles : importance industrielle.
édition. Edition MASSON, Paris, France.

* Lanier L., Bondoux P. and Bellemer A. 1978. Mycologie et pathologie forestiére.
Edition MASSON, Paris, France.

Zémc

5. UGANDA methods PPT
In charge: Gerald Kyeyune

Field Sampling
e 8 Composite soil samples (without litter) obtained by coring
a -4 cores from a circle with a radius of 3m around the grid point.
o -4 cores from a circle of 6m radius around the grid point.
¢ A sample of about 500gm of soil was taken from this composite sample.
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Handling of soil samples
e Sample packed in polythene bag, put in cool box taken to laboratory within Sdays
since sampling.

e in laboratory kept in cold room at 40C.

Isolation from soil samples
Pythium and Phytophthora

Baiting Technique

* Baiting tissues are maize leaves and apple slices added.

» After 5days transferred to PDA containing chloramphenical 20 mg/l and benlate
10mg /1.

e Number of infected tissues counted.

o NOTE: Pseudomonas also studied

6. BRAZIL: methods PPT and other
In charge: Dr. Ludwig Pfenning.

Genera Isolated

e Oomycota (Straminipiles): Pythium,

e Basidiomycota: Rhizoctonia,

e Ascomycota - plant pathogens Cylindrociladium, Fusarium, Lasiodiplodia, and
Verticillium,

e Ascomycota — saprophytes, antagonists: Clorostachys (former Gliocladium),
Coniothyrium Talaromyces, Trichoderma;

» Ascomycota — entomopathogens: Paecilomyces, Metarhizium, Beauveria.

Isolation of soil samples
Pathogenic and saprophytic ascomycetes
¢ Soil Washing Technique and Particle Filtration methodology and use of selective
culture media.
e Sequence of sieves with mesh size of 1.0 mm, 0.7 mm, 0.5 mm and 0.2] mm
Pythium and Phytophthora

e Baiting Technigue
o The baiting tissues were lupine radicels and grass leaf blades for Phytophthora
and Pythium respectively.
» Infected tissues were transferred into sterile water with antibiotics (chloramphenical)
for few hours.

e Counts done
Rhizoctonia

(iii) Soil particles method.

s A suspension of 10 g of soil sample and tap water were agitated and decanted in 2 0.5
mm sieve. The settled soil was re-suspended and sieved for a few times. The retained
soil particles was dried in sterilized paper towel and transferred to water agar medium
{2%) containing 250 mg/L of chloramphenicol. After an incubation period of 24 — 48
hours at 25°C typical Rhizoctonia growth was verified, the soil particle colonization
frequency was assessed and the mycelia tips transferred to PDA (potato dextrose
agar) for an eventual characterization (Sneh et al. 1991).
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Offered major problems and was not successfully done. The high frequency of fast
growing Trichoderma on baits and plates and the similarity of initial mycelial growth
between Rhizoctonia and Trichoderma did not permit the correct identification of
Rhizoctonia from the studied soil samples. An attempt was made with benomyl for
inhibition of Trichoderma on cuiture medium however, at low concentrations {50 ppm)
no inhibition was verified and no fungal growth occurred at higher concentrations of
benomy! (100 ppm). In this case, the use of a molecular method, using Rhizoctonia
specific primers, is highly indicated.

¢ Rhizoctonia isolation experienced major problems of contaminaion and was not
successfully done

e Use of benomyl for inhibition of Trickoderma on culture medium at low
concentrations (50 ppm) was unsuccessful and at higher concentrations of benomy!
(100 ppm) complete inhibition of growth occurred.

e [n this case, the use of a molecular method, using Rhizoctonia specific primers, is
highly indicated.

Identification

e Trichoderma — to genus level
Within the genus Trichoderma, all species are saprophytes and good cellulolytic
competitors. Therefore, we consider species identification is not essential.

o Form —genus Fusarium —to species level
In the case of the form-genus Fusarium, biological characteristics and function can
vary considerably between recognized species. Species include potential pathogens
like Fusarium oxysporum, F. solani or F. decemcellulare, as well as saprophytes or
secondary invaders like Fusarium semitectum ot F. equiseti. For this reason, species
identification is recommended.

e Pythium - to species level
e  Other genera studied
Paecilomyces (3,4%), Clonostachys ( 2, 6%) and Acremonium { 2, 1%).
. Recommendation by Brazilian team

. Molecular techniques can be a powerful tool for the assessment of diversity
. of soil-fungi and in identification processes, although they DO NOT
. substitute good basic mycological work. Advantages and restraints of
- molecular methods available are evaluated and reviewed in our chapter on
- “Tropical soil microfungi’” that will be published soon.

Identification Keys

e Domsch, K.H., Gams, W. & Anderson, T. 1980. Compendium of soil fungi. Vol. L. +
[l. Academic Press, London. Reprint 1993.

¢ Complementary:

e Arx, J.A. von 1970. The genera of fungi sporulating in pure culture. Cramer, Lehre.

e Barron, G.L. 1972. The Genera of Hyphomycetes from soil. Williams & Wilkins Co.,
Baltimore.

e Crous, P.W.2002. Taxonomy and pathology of Cylindrocladium (Calonectria) and
allied genera. APS Press, Saint Paul MN, 294 pp.

o  Gams, W, Hoekstra, E.S. & Aptroot, A. 1998. CBS-Course of Mycology, 4th ed.,
CBS, Baarn, The Netherlands, 165 pp.

e Nelson, P.E., Toussoun, T.A. & Marasas, W.F. 1983. Fusarium species: an illustrated
manual for identification. The Pennsylvania State University, University Park and
London, 193 pp.
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1. The Ecosystem Services (ESERV) Task Force

Edmundo Barrios
Objectives of the ESERV Task Force
¢ Review of existing methods for measuring/quantification of ecosystem services.

* Propose standard methods reflecting discussion within ESERV task force and
consultation with the Economic Evaluation task force.

* Assistance to BGBD member countries in implementing the standard methods to
assess ESERYV, in diagnosing problems and constraints to ESERV provision, and
in identification of opportunities for improving ESERYV through enhancement of
BGBD {ecological profiles/management options)

Ecosystem services Working Groups

s Soil Structure Modification

* Control of Pest and Diseases

¢ ( sequestration and control of GHG emissions
¢ Maintenance and restoration of Soil fertility

SSMWG of ESERV.
- Potential parameters to assess the influence of soil biodiversity on
Soil Structure Modification

Parameter Scale Method Refl Propoi
Tillage history Per plot Farmer surveys LISQ guide EB
Texture Per point Boyoucos Methods of Seil MS
Analysis - ASA -
Porosity Per point Methylene blug Dye Infilration | ? JA, M!
Method
Per point Bulk density/volume of ? JA
compacted soil

) Per point? Pore distribution ? EA
Water Infiltration Per poimt ? ? B
Rate .
Water relention Per point ? ? iB
capacity (per m? in the whole profile)
Aggregalc Per point Particle size distribution Methods of Soil EA
distribution o ) ] Analysis - ASA
Percent of water Perpoint Yoder Method Beare et al., 1993 EB, E/
stable{laggrepates ] -
Biogenic structures | Selected points and soil depths | Thin sections analysis Fizpatrick et al.??  [JA
Macrofauna L
Biogenic structures | Per point Undisturbed soil menolith 5 cm | Velasquez, et al. PhD | PL, BS
Magcrofauna per side thesis JH
Biogenic structures Per point Glomalin content in soil Wright& Jawson, EB, IB
AMF fungi aggregates 2001,
Biogenic structures Selected biogenic struciures NIRS Lavelle et al. PL, EE
“biological signature™

JA= Jo Anderson, |B= Isabel Barois, BS= B.K.Senapau, EA= Edgar Amézquita, PL=
Patrick Lavelle, MS= Mike Swift,
JH = Jeroen Huising, EB = Edmundo Barrios
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Genetic Diversity

communrty?

How diverse is the Soil

Does greater diversity
leads to greater
ecosystem stability?

Ecosystem Services
function?

Is there a relationship
between structure and

Can services be
managed through
cropping system

2 BGBD and Farmer Appreciation of Ecosystem Services; Reconcllmg

scientific and farmer perspectives

Jo Anderson

Ecosystem function and services
Functions are the physical, chemical and biological processes that contribute to what the

ecosystem does ( e.g. carbon and nutrient cycling, BD habitat).

Ecosystem functions are value-neutral.

Ecosystem services are the transformation of ecosystem properties and functions into

assets valued by society.

Ecosystem Services

People's cultural, spiritual and intellectual needs.
Production of commedities (food, fuel, fibre, NTFP).
Maintenance and provision of genetic resources.
Pollination.

Maintenance and regeneration of habitats for wildlife.
Provision of shade and shelter.

Regulation of climate.

Waste absorption and breakdown,

Regulation of water quality, storage and flows.
Nutrient provision for crops.

Control of soil erosion.

Pest and pathogen control.

Maintenance of soil structure.

Soil structure

Properties: porosity, aggregate stability, depth

Processes: Infiltration, hydraulic conductivity, water retention, nutrient

leaching
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* Functions: Aeration, root penetration, nutrient and water availability,
biodegradation

¢ Determinants: climate/texture > vegetation management > SOM/plant roots
> so0i| organisms

Do biota become a service for farmers only when they reduce soil constraints to crop
production?
Farmers generally have a concept of ‘healthy soil’ how to improve soil
properties - but rarely the mechanisms involved

Issues of cause and effect
» Management practices (fallows, crop rotations, tillage, organic manures,
fertitisers, mulches) can be valued in direct returns as improved crop
performance.

¢ Indirect returns from processes carried out by BGBD may not be valued
because of the scales, variability or cumulative time over which they manifest
effects.

Crops, roots and management
Plant roots are key determinants of soil structure and organic matter content

Species, cuitivars and management affect root morphology, density, depth
penetration and hence crop nutrition and drought tolerance

Crotolaria or Tithonia green manures and fertilisers affect
maize root length (& thickness)

Treatments Root [ength (mm)

Primary Nodal Total

Soil 2742 622 5449

Soil + Fertiliser 2482 815 6951

: { 3 Crotolaria 3102 542 6059
;!" : Crotolaria + Fert 2792 833 7348
&5 Tithonia 3035 756 6654

S Tithonia + Fert 2757 995 7676

Sangakkara et al. (2004) J Agron& Crop Sci 190:339-346

Root density
Species Soil Depth ?ﬁoot density
kcm) (cm cm-3)
Fucalyptus marginata 0-15 9
50~60 0.2
Fodder grasses 0-15 50
5-30 15
Cereals 0-15 5-25
25-50 4
Bowen 1985
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Farmers use mulches to suppress weeds, conserve moisture, prevent
erosion.........

but mulches also have indirect effects on soil properties through BGBD

‘Biopores can act as root conduits to improve access to water and nutrients at
depth but this is offset by poor root contact in the biopore and laterals
impeded by the compact biopore walls’

(Stirzager et al. 1996)

Mulch quality can have dramatic localised effects on rainwater capture and
nutrient leaching

Infileration

Rate (
700

300

im hH)

P ‘Preferential flow pathways created by

_ earthworms can potentially affect nutrient
SIS losses from the system in leachates’

{Lachnicht ef al. 1997)

/ Straw

7 14

Earthworm Biomass (g m™2)

Pests and Pathogens

Determinants of microbial diversity and disease suppression

Plant type and age

o (exudates from young roots stimulate r-strategist bacteria = specific
disease suppression)

Soil biophysical conditions

o (texture, structure, SOM, pH, etc)

Management

o (crop rotation, tillage, herbicide and fertiliser applications, irrigation.

SOM and crop rotation are key determinants of general disease suppression

Plant and microbial domains
Specific disease suppression is confined to rhizosphere but legacy of effect on bulk
soil depends on plant size and density

Farmers’ perceptions of cause and effect

Biological control, IPM are adopted because most insect pests have
observable effects on crop plants

Nematodes are not readily observed and plant symptoms can be confused with
other causes.

Effects of soil pathogens are often sporadic so crop performance may be
related to other factors.

Management practices and soil properties that enhance microbial BD and
disease suppression also have more direct biophysical effects on crop
performance.
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Can farmers be sensitized about specific attributes of BGBD rather than just
indicators of soil health?

Problems of scaling up from species effects to plot scale:
‘sink and sources’

Species/area relationships
increase as curvilinear
functions

No. species.

Area

Process measurements

% integrate over time and space.
@
;:5 Spatial integration involves
depth {SOM/CEC) as well as
- horizontal dimensions
AreafTime
CLIMATE
‘-' Hierarchy of ecosystem process controls
MANAGEMENT '\\\ affecting carbon, nutrient & hydrologic fluxes
ROOTS / COUPLING
l Keystf)ne
BIOPHYSICAL PROPERTIES " j°
(BIOMASS, SOM & CEC
POOLS)
ORGANISMS

Sources and sinks of sediment in surface water on a hill slope with soil conservation
bunds

Water erosion on a hill slope with sources of sediment {casts) and
sinks {(burrows) in a soll conservation cropping system

)1

Bare soil g O g g E Net source @
L J

Row crop / muich ?
NET SOURCE @

Bare sail
e
Bund 7 ///’///"//'////}’;Wz NET SINK O

Pit planted Net source @

Bund V/ ,//; NETSINK O
. “

SLOPE FOOT —¥ NO SURFACE WATER
& SEDIMENT FLUX
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Understanding cause and effect relationships
Scientific understanding based on knowledge projection. Measure co-variance of crop
and soil biota and sotl biophysical parameters .

Farmers’ understanding based on legacy of observation. See spatial patterns of crop
root/shoot characteristics and soil properties associated with fauna as proxy of soil health

Conclusions

Scientific Approach
e challenge in linking the scales at which BGBD affect ecosystems services at
plot scale and bove.

e issues of reductionism — aggregate functions eg biopores ?
Farmer perceptions

e  More practical to promote concept of developing /
through sound soil management?

maintaining soil health

e  Assess farmer appreciation of BGBD values by ~ demonstrations and then

surveying later for adoption?

VALUE OF ECOSYSTEM SERVICES PROVIDED BY PLANT/SQOIL

‘Component Direct use | Indirect use value ‘Option value  Existence
- _value i )
1 Crop yield Food, Gene bank Traditional
. income . ) Bioproducts
Crop Animal | Mulch, compost, nutrients, Biofuel Conserving
residues feed, fuel.  SOM, Soil structure, SBD
fibre, | Water retention,
. _income Erosion contral 7
Weeds Negative  Pollination, Nutrient Conserving
‘retention SBD
: . ' Erosion contral )
Cover crops  Anmimal ‘Nutrients (BNF), Erosion Bioconlrol (eg  Conserving
. , feed gontrol, . Stnga) SBD
Roots Food, SOM, Nutrient retention,  {Carbon
R _income , Erosion conlroi : storage
Soil/SOM Nutrient cycling 1 Carbon stores  Landscape

Hydrologic functions

| Bioremediation values

Trace gas flux  Conservation

| Farmer perception of value?

National/global perception of value?

VALUES OF SOIL BIODIVERSITY

Component | Directuse Indirect use value |Option Value | Existence
value o |Value
IMacrofauna  |Low Vermicomposts Managementof | Intrinsic
‘ 'commodity Soil physical soil processes, (low) :i
! values structureferosion pest control [ |
i | Soil diagnostics ! i !
|Pests  |None __iT_e_imite ‘engineers’ | |
Microorganisms | Low Primary Pest control, Aesthetic
| commodity |decomposers ! Bioremediation (low)
’ values Soil aggregation Medical, industrial
Pest control |uses :
| Plant | None (high l
|pathogens __ |perception) | |Asabove ___ |None |
[ Micro- Low BNF, plant nutrition, | Improved strains | Limited !
isymbionts _ |perception? |waterrelations | S 4
Soil Biodiversity | Low values | Farm: > yields, less | Society: [intrmsxc
Aggregated | erosion, fewer | environmental | |
ibenefts | |pests _benefits P

Farmer perceptions?
National/global perceptions ot’vb
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Problems of linking SBD to functions
Farmers priorities
Ee.g stover allocation is generally accepted to improve soil fertility and BGBD but is not adopted
by many farmers who have more immediate uses for stover or who have been advised to remove
crop residues to avoid pest problems.
Low apparency of cause and effects relationships
C.f. biological control and use of pesticides.
Hierarchy of responses perceived fiom freatments
E.g. mulch: soil protection > moisture retention > weed control > BGBD effects.

Time lag between freatment and response
Biophysical properties of soils e.g. CEC and SOM buffer water, carbon and nutrient fluxes so that
instantaneous effects of biota are not apparent,
Scaling-up BGBD.
Effects of BGBD on soil processes are most evident if flux measurements are made at the scle at
which the organisms operate. When effects are increased to plot scale the signal of specific
organism effects is obscured by total community activities and buffering by biophysical processes.
Scaling up can not be simply in a horizontal dimension; increasing depth dimensions of < 0.5m
often engages weathering effect of parent material!

NB see ref to water uptake by roots in tensionless macropore channels

MATURATION

CROPPING

< o TF -
< F SR s
= o = = =
) m S
= =
=
Healthy Soil Unhealthy Soil
Soil easily tilled (e.g virgin soil)  Soil hard to il

Litter or plant fragments on the
surface

Darker colour because the soil
has been fed with organic matter

. An open structure that allows air
and water to pass through the soil

Lots of fine roots holding the soil
together

Channels formed by earthworms
and/or termites (termite galleries
have a fine-textured lining of soil)

More visible organisms

Bare and compacted soil surface

Lighter colour because the soil is
starved

A compact soil with poor aeration
and drainage ( plants and animals
idie in an air-tight box)

Few roots or large roots of
problem weeds such as couch

Few channels and large pores.

Few visible organisms
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3. Communication title: Carbon stocks under different land uses in Oumé
Region {Centre-West Cote d’lvoire)

Yao KM, Abbadie I, Konate S', Benest [F.
'Université d’ Abobo-Adjamé, UFR-SN, 02 B.P. 801 Abidjan 02. E-mail: skonate2 @ vahoo.(t
*Université Paris V1, Ecole Normale Supérieure, Laboratoire d’Ecologie, 46 rue d’ulm Paris cédex
05 France.

Keywords: Carbon stocks, Cote d’Ivoire, land use types

Abstract

Soil organic matter plays a key role in sustainable agricultural management. A study,
initiated in the Qumé area (Centre-West Cdte d’Ivoire), aimed at evaluating the impact of
land use mosaic on organic matter dynamics and factors governing organic carbon stocks
and fluxes. Soils samples, using an auger, were obtained from al0-cm layer within a grid
system covering the main land use types. Results showed that total soil organic matter
content decreased from primary forests to mixed crop systems. The values range from
2.41 to 2.58 % in primary forest, 1.69 to 2 % in planted forests, 1.29 to 1.48 in mixed
crops systems and 1.56 in fallows. Clay content varied from 18.87 to 21.1 % under
natural forests, 9.46 to 25.71 % in planted trees, 10.34 to 19.39 % in mixed crops systems
and 8.8% in fallows. In addition, soil pH values were on average around 7.2, between
6.12 to 7.25, 5.98 to 6.9 and 6.36 under natural forests, planted trees, mixed crops and
fallows, respectively. There was no significant relationship between land use system and
carbon stocks.

4. Assessing soil morphology : a simple and robust method to evaluate the
- role of soil ecosystem engineers and other soil structuring processes

Elena VELASQUEZ and Patrick LAVELLE
IRD, UMR 137 BIOSOL, Bondy, France

Aggregation is a basic attribute of soils that sustain a number of ecosystem services that
they provide. When stable they allow to maintain structural porosity that facilitates water
infiltration and storage and root agration. When compact, they are microsites where C is
stored and largely protected from mineralization for the life duration of the aggregates..

We present here a simple method based on the manual separation of aggregates from a
small cube of soil (5x5x5cm} according to their size and shape, and other components of
soil (roots, twigs, gravels etc...). Statistical methods to process these data are proposed
and a few examples from different environments are discussed. These results show
significant coinercias among soil macroinvertebrate communities and soil morphology as
assessed by this method.

5. Using Near Infra Red Spectroscopy to assess changes in soil quality.
' Theoretical bases and applications
Elena VELASQUEZ and Patrick LAVELLE
IRD, UMR 137 BIOSOL, Bondy, France

Near Infra-red Spectroscopy - applied philosophy
The success of multichannel NIR analysis is founded on a combination of precision
instrumentation statistics, computer software and - philosophy of technology.
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Water, most organic molecules and some inorganic molecules c