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Visiting Professorship Final Report

By: Andrzej W. Lipkowski
(Polish Academy of Sciences, Poland)
Invited Period: July 1, 2007 - September 30, 2007
(Div. of Food Science & Biotechnology, Lab. of Physiological Function of Food)
(Host Professor: Prof. Masaaki Yoshikawa)

I, Professor Andrzej W. Lipkowski from Medical Research Centre of Polish Academy of
Science, Warsaw, Poland, spend three months (June 1 — September 30, 2007) at the Division
of Food Science and Biotechnology, Graduate School of Agriculture, Kyoto University under
invitation of Dean. Majority of time I spend in scientific group of Professor Masaaki
Yoshikawa. My activity has been divided into three types of activities: (a) discussion and
participation in coordination of scientific join sub-projects, (b) interaction with under- and
graduate students involved in scientific activities of Professor Yoshikawa group, (c)
preparation and delivery of scientific seminars and lectures.

Food components are not only source of energy and building elements of living organisms
but also may play important role in function regulation. The discovery mechanisms that
allow passage of small peptides through gut-blood barrier initiate interest in possible
physiological role of small peptides digested from food proteins. Professor Masaaki
Yoshikawa 1s the Word expert of physiological functions of peptide derivatives from food
components. In recent years Professor Yoshikawa’s group activities resulted in identification
of a number of small peptides among food protein with important activities in blood pressure
regulation and/or pain signal modulation. The inhibition of angiotensin-converting enzyme
(ACE) has been defined as the major mechanism of these peptide action. Collaborative action
of my and Professor Yoshikawa group in searching for new peptides with such properties
resulted in identification of tripeptide RIY from subtilisin digested rapeseed proteins. RIY
showed relaxing activity in mesenteric artery from model animals, spontaneous hypertensive
rats (SHR). Although RIY peptide itself does not have affinity for the receptor, its
vasorelaxing activity was blocked by lorgluminde, a cholecystokinin, CCK1 receptor
antagonist. Professor Yoshikawa suggested that RIY might stimulate CCK release from the
artery. This might be also related to the fact that RIY showed hypotensive effect in old SHR
[above 25 weeks after birth], in which most ACE inhibitors derived from food proteins are
ineffective. Alternative interpretation may suggest that RIY, in addition to inhibition of ACE,
may inhibit also chymase, another enzyme involved in blood pressure regulation. Further
testing of both hypotheses will be the subject of further continous collaboration between
Professor Yoshikawa and myself.

During visiting of Professor Yoshikawa scientific group I had a chance to participate in
search for bioactive peptides with properties of regulation of appetite. This is very
fascinating field with growing clinical importance. These studies in Professor Yoshikawa
group resulted in identification of several medium size protein fragments that in animal
model suppressed food intake. Our further collaborative intellectual analysis of these
peptides resulted in hypothesis that such protein fragments could be digested to small di-,
tripeptides that may be the active components. It has been decided that this direction of
research will be the new subject of continuous collaboration.

In Professor Yoshikawa group I delivered revue lectures on bioactive peptides from milk
proteins.

Possible antimicrobial properties of food components and their medical applications is one
of field of interest of my group in Poland. I believed that this could be also subject of further
collaboration between my and Professor Yoshikawa groups. Therefore, I finalized my stay at
Graduate School of Agriculture with presentation of lecture “Antimicrobial Peptides And
Their Analogues - New Hope For Medicines?”
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A Report of the Activities During the Academic Year 2007/2008

By C.M. Madduma Bandara
(University of Peradeniya, Sri Lanka)
Invited Period: April 1, 2007 — March 31, 2008
Div. of Environmental Science and Technology, Lab. of Comparative Agricultural Science
(Host Professor: Prof. Takashi Endo)

I arrived in Kyoto on 31st March 2007 and started working as a guest professor from 1st
of April, attached to the Laboratory of Comparative Agricultural Science in the Division of
Environmental Science and Technology of the Graduate School of Agriculture. I wish to pay
a special tribute to Dr. Ueru Tanaka who functioned as my contact Professor, and Dr. Rajib
Shaw of the Graduate School of Global Environmental Studies, for being instrumental in
inviting me to this great university. I consider the past year I spent at Kyoto University as
one of the most productive times I had in my long academic career. One reason for this high
productivity was undoubtedly the generous freedom afforded to me to pursue any line of
academic interest as I wished. With my background training in interdisciplinary research, I
found this new found autonomy as extremely beneficial and enriching.

Getting Established

At the very first welcome reception, I was made to understand (by Prof. Junichi Mori)
that, life in Kyoto would be quite rewarding if some skill in using the Japanese language is
achieved. This made me to follow Japanese language classes that subsequently enabled me
to pass through the elementary II level with a ‘B’ Grade!. For me, it had been a fascinating
experience to sit with the same international students in the afternoon classes, who
followed my lectures in the morning hours! In this regard, I thank my language teachers
and in particular Mari Watanbe-sensei, who dispelled my fears in taking the faltering steps
in speaking Japanese language and appreciating its everlasting beauty and unfathomable
depth. I was also fortunate to meet another fellow visiting professor, (Cho-sensei from
Korea) who occupied the room next to my office, but could speak only Korean and Japanese.
We turned this difficult situation to our mutual advantage, where I taught him some
English and he taught me some basic Japanese! Finally, when we departed he lost his fear
to speak English and I lost my own shyness to speak Japanese!

With a rudimentary understanding of the Japanese language, I began to explore the
wonderful city of Kyoto, which I began to realize as forming the cultural heart of Japan. It
is indeed a veritable gold mine for ancient Buddhist and Shinto cultures. So I started
visiting at least one World Heritage Site every month and finally managed to see some 12 of
them out of the total of 18 sites — a record for any city in the world!. In addition, I have
visited two World Heritage Sites at Nara a former capital city of Japan.

In my own country - a small Island in the tropics, there is hardly visible march of seasons.
I came here in the spring and my first visit was to Ginkakuji along the cherry blossom lined
‘Philosophers Walk’. When I began to observe that the faces of Japanese people who were
gazing at sakura blossoms, were more beautiful than the flowers, my dormant poetic
instincts began to get stimulated. So I began to try my hand at Aaiku though in English but
without getting entrapped in the hard poetic traditions. Similarly, I enjoyed the snow in
February despite the cold, since there is no snow in my own country. In particular, the snow
on Ume Flowers at Kitano Tenmangu was a sight that would gladden my heart for many
more years to come.

The above narration of my short experience in Kyoto may give the impression that I was
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more preoccupied with the flowers and fruits of the Japanese culture in Kyoto, than with
the obligatory academic functions for which I was invited to this great seat of learning. This
was not so, because I could venture into above aesthetic indulgences only during my free
days and times of leisure. On the average, my normal working day was 9-11 hours running
often into the late evening. I would never have had such a large chunk of time in my hands
to engage in academic work, back in my own country. So I utilized this rare opportunity to
engage in research, academic interactions and in teaching.

Research and Publications

I could complete 4 major research papers during my stay here and two of them have been
published while the other two are awaiting publication, as listed below:

(1) Madduma Bandara, C.M. (2007) Village Tank Cascade Systems of Sri Lanka — A
Traditional Technology of Water and Drought Management, Ed. by Hiroyuki
Kameda et.al. Proceedings of the Disaster Reduction Hyperbase (DRH) Contents
Meeting, Kobe Japan, NIED, Tsukuba. 322-336pp.

(2) Madduma Bandara, C.M. (2007) Conceptualizing the Strategic Environmental
Assessment Process @ Some Experiences from Sri Lanka. The 2nd National
Forum on Plan-Related Environmental Impact Assessment Technology and
Management, Beijing, China. Chinese Society for Environmental Sciences. 331-
343.

(3) Madduma Bandara, C.M. (2008) Environmental Impact Assessment of River
Basin Development Projects in the Humid Tropics: Experience of the Kalu
Ganga Project in Sri Lanka. Ed. Herath, S. To be Published by the Environment
and Sustainable Development Division, United Nations University, Tokyo, Japan.
1-32 pp.

(4) Madduma Bandara, C.M. (2008) Exploring the Culture-Biodiversity Interface in
Sri Lanka. Submitted for Publication in Sansai Gakurin - Kyoto University
Journal of Global Environmental Studies, 1-28pp.

The Special Lecture delivered by me on 15th February 2008, at the Graduate School of
Agriculture was also produced as a pamphlet titled, “Towards New Direction in
Environmental Assessment”. 1-28pp. I have also contributed a short paper to the News
letter of the International Office on the theme “ Hokos and Elephants - Kyoto and Kandy,
Sri Lanka, Some Fascinating Culture Parallels”, based on my experience of observing the
Gion Matsuri Festival of 2007. Copies of all above papers in electronic form are available at
the International office of the Graduate School.

With regard to future research I would be have been happy to continue my work on the
“nature-culture interface in East Asia”, particularly related to Japan, if a proper
opportunity emerged.

Academic Interactions with Staff

I have immensely benefited from the academic environment of the Kyoto University
where there is a multiplicity of institutions which have emerged in recent times. In addition
to my affiliation to the laboratory of Comparative Agricultural Sciences, I enjoyed my
continued interaction with the Graduate School of Environmental Studies where I came
into contact with a variety of international scholars. My occasional forays into the Main
Campus to visit the Library and to get in touch with the activities of the family of
institutions dealing with Integrated Area Studies
(including the Graduate School of Asian and African Area Studies, Center for Southeast
Asian Studies, Research Institute for Sustainable Humanoshere; Center for Integrated Area
Studies among a few others) was exceptionally rewarding. In terms of the number and
variety of scholars drawn from different countries, I presume Kyoto University now stands
en par with the leading renowned universities in West (such as Cambridge, Oxford,
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Sorbonne, Harvard, Yale and Princeton). I noted with great satisfaction that scholars from
some 11 countries were present at the Special Lecture I delivered on 15th February 2008 at
the Graduate School of Agriculture.

I had the occasion to present the following Seminars and Lectures during the period of my
sojourn at Kyoto University:

(1 18-05-2007 : Culture-biodiversity Interface - A Study in Sri Lanka at the
Graduate School of Global Environmental Studies, Yoshida Campus.

2 07-06-2007 : Village Tank Cascade Systems in Sri Lanka A Traditional Technology of
Water and Drought Management; Laboratory of Comparative Agricultural Science,
Graduate School of Agriculture.

3 25-06-2007 : An Environmental Impact Assessment (EIA) Experience from Sri
Lanka; Gradual School of Global Environmental Studies; Yoshida Campus

4) 14-07-2007 : Environmental Impact Assessment Experiences; A Seminar presented
for the visiting Vietnam Students; JICA Project, Yoshida Campus.

(5) 11-10-2007 : Environmental Impact Assessment of the Kalu Ganga Agricultural
Extension Project: Laboratory of Comparative Agricultural Sciences, Graduate
School of Agriculture.

(6) 27-10-2007 : Sethusamuduram Ship Canal Project of South India — Need for a New
Environmental Impact Assessment; Sri Lanka Forum at the Sri Lanka Embassy,
Tokyo.

(7 15-02-2008 : New Directions in Environmental Assessment; Special Lecture
Delivered at the Graduate School of Agriculture, Kyoto University.

With regard to future academic developments in the Graduate School, I have indicated in
my special lecture to consider the establishment of some ‘unit’ or ‘cell’ at the Division of
Environmental Science and Technology, dedicated to Environmental Impact Assessment. In
view of the growing demand for Environmental Assessments particularly related large
agricultural projects, this would not only provide opportunities for staff to interact closely
in dealing with truly interdisciplinary issues, but also for highly attractive consultancy
engagements for them in the future.

Apart from presenting a series of seminars to different groups of scholars, I have also
participated in a variety of conferences, Symposia and workshops that were held within the
University and elsewhere. Some of the more prominent among them are given below:

1. 9th Kyoto University International Symposium on Integrating Global Environmental
Studies Towards Human Security, 22-23 June 2007; As a Panelist at Plenary
Sessions.

2. The 2nd National Forum on Plan-Related Environmental Impact Assessment
Technology and Management, Beijing, China, 5-10 November 2007; As a
participant and Chairman of a Plenary Session.

3. Interactive Learning Session with the Indian Institute of Planning and Management,
23rd December 2007; As a Resource Person; Clock Tower Hall, Kyoto University.

4. International Symposium on “ Forest Stewardship and Community Empowerment :
Local Commons in a Global Context. Kyoto International Community House. 11-12
October 2007.

5. The Third International Symposium on “ Resources Under Stress : Sustainability of
the Local Community in Asia and Africa, 23-24 February 2008 at Sewa-kan Hall,
Omiya Campus, Ryukoku University, Kyoto.

6. Visit to Vietnam JICA Project study sites with Prof. Ueru Tanaka from 28th
February to 5th March 2008

7. Kyoto University First International Workshop for Global COE “In Search of
Sustainable Humanosphere in Asia and Africa”, March 12-14 2008, Kyodai Kaikan,
Kyoto.
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Teaching and Supervision of Graduate Students

In the First Semester of 2007, I have conducted a series of 14 weekly Lectures to
Graduate Students at the Graduate School of Agriculture. The theme of the Lecture Series
was “Agricultural Systems of Monsoon Asia”. This course was attended by some 12 students
from both Japan as well as from Indonesia, China and Bangladesh. This course, although
optional, provided in fact an interesting forum for students from different parts of Asia. A
full Report on the course and its future continuity was presented earlier to the
International Office of the Gradual School.

In addition to teaching, I also had the opportunity to help several graduate students both
at the Graduate School of Agriculture as well at the Graduate School of Global
Environmental Studies, in their post-graduate research. I had the occasion to read through
several theses they have produced.

Some General Observations

I often enjoyed the academic interactions with other Institutions within the University
than within the Graduate School of Agriculture. Only academic interaction I had within the
Graduate School was with the Laboratory of Comparative Agricultural Science. I came
across other members of the Graduate School only on the day of my introduction to the
Faculty, and on the day of my Special Lecture. The opportunity of interacting with academic
staff from other Divisions within the School had been necessarily limited. However, I have
made many friends at personal level, including Futai-sensei (Head of the Division) and
Miyasaka-sensei of the same Division. In fact, I felt that I had more intellectual interaction
with Visiting Professors who came to this School from time to time. I must make special
mention of following Professors, namely, Cho-sensei (from Korea), Prof. Salokhe (from
Bangkok), Prof. Malcom Fitz Earle (from Canada) and Dr. Zaki Siddiqui who came here
during my time. I often felt that more opportunities may have been be created to have the
benefit of interaction between local and visiting professors. In this regard, I have submitted
a brief memorandum to Division last year.

With regard to teaching, I had some mixed experiences. In particular, the Japanese
students may have found it difficult to follow classes in English and this language disability
made them quite shy to interact more readily in the class. However, I found that many of
them have improved their English language skills towards the end of the lecture series. The
opportunity provided by the class to sit with international students would have enriched
their learning experience, for some of them for the first time in life. I also noted that that
there were some exceptionally bright students in the class. The Japanese students who
have been exposed to other countries and cultures have been obviously more progressive.

Those visiting professor who come to Japan for the first time, often have to go through
some trying circumstances at the initial stages. In this regard, my experience of working
earlier at Tsukuba and Tokyo Universities proved quite helpful. There were several
occasions when I had help a visiting professor to establish himself in the socio-cultural
environment of the Kyoto City and it was with much pleasure, I discharged that pleasant
responsibility. For me personally, the help and cooperation extended at all times by the
International Office of the Graduate School (by Morita-san in particular) is very highly
appreciated.
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Report on achievements July — September 2007 as Visiting Professor,
Graduate School of Agriculture, Kyoto University

By: Malcolm Fitz-Earle
(Capilano College, Canada)
Invited Period: July 1, 2007 — September 30, 2007
Div. of Environmental Science and Technology , Lab. of Ecological Information
(Host Professor: Prof. Akio Takafuji)

Introduction

I spent three months as visiting professor in the Graduate School of Agriculture, Kyoto
University. 1 was guest of Professor Akio Takafuji, in the Laboratory of Ecological
Information, where I learned about his extensive research on mites and I met several of his
colleagues and students. During my stay I gave a number of seminars on wildlife and
scientific English writing and 1 gave a special lecture to the Graduate School. I began a
research project on ‘Wildlife and pest management by mathematical modeling’. 1
completed an extensive review paper on conservation, and edited / reviewed numerous
papers from within the Graduate School and outside in my capacity as editorial board
member of two journals. I went on three fieldtrips, one of which was to Shimane pref.
with Prof. Takafuji and one of his former students. I had numerous informal meetings
with people from within Kyoto University and elsewhere in Japan. My stay was both
productive and enjoyable. I will never forget the three months that I spent in Prof.
Takafuji’s laboratory.  The details of my achievements are as follows:

Seminar to Laboratory of Ecological Information, Graduate School of Agriculture, Kyoto
University

“Recent Strategies for conservation of biodiversity and habitats” (presentation given July 10
2007)

Review Paper completed

Fitz-Earle, M. and S. Kobayashi, 2007. “Conservation of biodiversity in Canada and
Japan: Different policies and different effectiveness.” Biosphere Conservation (in
review; final document returned to Editor In Chief, August 21st 2007)

Article

Fitz-Earle, M. ‘Three hot months in Kyoto’ for Newsletter of International Office in
Agriculture, Kyoto University (in preparation)

Duties as member of editorial board of Biosphere Conservation, the journal of the Wildlife
Conservation Society of Japan

Nakazawa, C. et al, 2007 Food habits of gray wolves in the Bogdkhan Mountain
strictly protected area, Mongolia. (paper reviewed and returned to journal Editor in
Chief, July 13 2007)

Advised editor-in-chief on various topics (July — September 2007)

Duties as Associate Editor, Ursus, the Journal of the International Association for Bear
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Research and Management

Review and correspondence regarding a paper on bark stripping of trees by bears (July —
September 2007)

Documents edited while in Graduate School of Agriculture, Kyoto University

Watanabe, M., S. Matsu'ura and M. Fukaya 2007. Changes in distribution and
abundance of the endangered damselfly Mortonagrion hirosei Asahina in a reed community
artificially established for its conservation. (paper; edit completed July 18 2007)

Takafuji, A. and N. Hinomoto  2007. The distribution and geographic variation in
diapause capacity among populations of two Tetranychus mites (Acari: Tetranychidae) in
East and Southeast Asia.  (paper; edit completed July 20 2007)

Tajima, Ryusen 2007. Host plants utilized during the immature development of
Tetranychus kanzawai (Acari: Tetranychidae) determine the preference of the adult females
for the plants.  (abstract; edit completed July 24 2007)

Yano, S. 2007. Collective and solitary behaviors of the two-spotted spider mite (Acari
Tetranychidae) are induced by trail following. (paper for J. Entomol. Soc. America ; edit
completed July 31 2007)

Fukaya, Midori 2007. Visual mate location in pheromone-mediated flight of the black
chafer Holotrichia loochooana Iloochooana males (poster, powerpoint and speech; edits
completed September 7 2007)

Akamatsu, M. et al 2007 Regarding a pesticide bioassay technique. (abstract; edit
completed September 19 2007)

Ozawa, M and S.Yano 2007 Pearl bodies of Cayratia japonica (Thunb.) Gagnep.
(Vitaceae) function as alternative food for a predatory mite Fuseius sojaensis Ehara (Acari:
Phytoseiidae) (paper for Ecol. Research; edit completed September 20 2007)

Special Lecture to Graduate School of Agriculture, Kyoto University

“Minimizing conflicts between bears, other wildlife and humans in agricultural
environments” (abstract completed and submitted August 8 2007; title and abstract
submitted to Int. Office, August 17th 2007; powerpoint completed September 7 2007;
presentation made September 12th 2007)

Paper

“Minimizing conflicts between bears, other wildlife and humans in agricultural
environments” for submission to Ursus (paper based in part on research done while in
Graduate School of Agriculture, Kyoto University).

Seminar in three parts to Graduate School of Agriculture, Kyoto University

“Scientific English Writing” (handouts completed September 6 2007; presentation given
September 10, 11 and 12th 2007 )

Seminar for presentation to a symposium ‘What should we do to protect wildlife like bears
in Japan? sponsored by the Japan Bear and Forest Association, held at Tokyo University,
September 22 2007
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“Strategies for

Conservation of Wildlife” (prepared seminar, met with member of the JBFA

to discuss arrangements; presented seminar September 22 2007).

Research field trips
I. Chubu — Sangaku National Park and Matsumoto, Nagano pref. July 25 -28
2007
Achievements:
1. Learned about natural environment (ecology) of wildlife in the park,
including Asiatic black bears.
2. Viewed numerous plants and animals of the park above and below the tree
line, including four Asiatic black bears (an endangered species).
3. Learned about conflicts between wildlife and humans in adjacent areas,
and mitigation efforts.
4. Learned about conservation of wildlife and management of wildlife in
Nagano pref.
5. Discussed conservation strategies in Japan.
II. Shimane pref. August 1 -3 2007 Host: Dr. M Inoue
Achievements:
1. En route Nara to Ohda, Shimane:
Saw mitigation techniques for
inoshishi - electric fences to scare animals and plantings that prevent
animals seeing where they can land when they jump.
saru - various types of flexible barriers and nets;
cultural techniques (e.g. cutting back trees so saru cannot climb
into garden)
shika - fences that lean outwards 30 degrees in such a way as to
prevent animals from jumping
2. At Ohda, National Agricultural Research Center for Western Region:
Saw demonstration project of mitigation techniques for inoshishi and shika,
including fencing made from inexpensive and/ or recycled materials
Saw several inoshishi in cages, used for feeding, electric shock and other
experiments.
Saw cattle.
3. Saw rural landscapes and Mt Sanbe National Park, including fossilized

Cryptomeria trees.

III. Yamagata pref. September 16 — 17 2007

Achievements:
1.

In the mountains en route Sakata shi to Yamagata shi saw the kinds of
natural mixed deciduous forest favoured by wildlife, with abundant
understory and hard mast (e.g. acorns) foods.

In the mountains of Yamagata pref. saw ancient (1000 years old)
Cryptomeria japonica trees growing in candelabra — like form, as a result of

winter snows and winds. In the same area, saw wild Camellia.

In the Gassan plateau area, saw ponds inhabited by salamanders
(endangered species?), and in surrounding wetlands saw gentian and other
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alpine flowers characteristic of fall.
Research project

Initiated a project on wildlife, pest management and mathematical modeling.
Collected resources and read a number of relevant articles .

Read several papers received from members of the Graduate School of Agriculture, Kyoto
University

Subjects included: Mites, damsel flies, pine beetles, ambrosia beetles (various times
July - September 2007)

Read other resource materials

Subjects included:  Wildlife conflicts and conservation priorities (various times July -
September 2007).

Attended seminars at Graduate School of Global Environmental Studies, Kyoto University,
September 7, 2007

Bajek, Robert (Doctoral student, Global Environmental Studies, Kyoto University)
‘Modeling social resilience to earthquakes and the role of community participation’

Upadhyay, Bijay  (National Society for Earthquake Technology (NSET), Nepal)
‘Community based disaster management: NSET model.’
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Design of Surface Patterns for Reducing Soil Adhesion
on Soil-Engaging Tools

By: Vilas. M. Salokhe
(Asian Institute of Technology, India)
Invited Period: July 2, 2007 - December 28, 2007
Div. of Environmental Science and Technology,
Lab. of Agricultural Systems Engineering
(Host Professor: Associate Prof. Hiroshi Nakashima)

1 Introduction

Soil adhesion is a typical and common phenomenon in agricultural fields with cohesive
soils. The larger force requirement due to soil adhesion to any soil-engaging tool increases
input energy resultging in lesser work per unit effort supplied.

Recently, a number of investigations into application of polymers for macro-
morphological modifications of tool surfaces have been carried out. An adaptive science
popularly known as biomimetics, which is learning from nature, has opened up a window to
reduce soil sliding resistance onto tool surface by altering surface designs [1]. These
researches, with extensive stress on convex or domed protuberations as one of the widely
used construction units, have tried to harness benefits from using polymers in agriculture.
Enamel coating and Ultra high molecular weight polyethylene (UHMWPE) have proved
themselves as an effective modifications with attractive compatibility into adhesive soils
(2, 3].

The surface roughness of soil-engaging tools may be one of the significant cause of soil
adhesion. Thus, the appropriate design method should be developed for an effective
development of anti-adhesion tools. With rapid development of computer technology, the
application of computational methods will be highly expected. There are many numerical
methods which can deal with behaviors of particle soils. Among others, the Discrete
Element Method (DEM) has widely been applied in soil-related problems. In terms of
microscopic surface effect, the molecular dynamics (MD) may play an important role in the
analysis, where the interaction is calculated through Leonard-Jones potential function and
the other solution scheme is the same as in DEM. Precise analysis of surface effect will be a
challenging problem and, if necessary, DEM can be extended for this task.

The purpose of this study is to design surface patterns for use in soil-engaging tools with
an objective to reduce its undesirable adhesion with soil and thereby lowering draught force
and energy required in the operation. Moreover, the development of numerical tool to
explain the mechanism of reduction of soil adhesion on microscopic scale. In this report,the
contents of joint research with Dr. H. Nakashima, Agricultural Systems Engineering

Laboratory, Kyoto University, are summarized, although the research is not yet completed.

65



2 Numerical analysis by Discrete Element Method

The Discrete Element Method (DEM) has been widely applied in soil-related problems.
The formulation of DEM using rigid elements, in general, is based on dynamic equation of
motion, where Newton’s 2nd Law for rigid body dynamics is applied. Therefore, we can
apply explicit time integration to obtain the velocity and displacement solution of DEM

elements.

DEM can also be solved statically, where the imbalance of local contact reaction should be
dissipated through element-by-element iterative procedures. This is called Kishono’s
analysis, or well known as the Granular Element Method (GEM) [4].

Figure 2: Preliminary studics on soil deformation[5]

Figure 1: Contact model of DEM

Typical contact model for DEM is shown in Figure 1. In normal contact direction of
contacting elements 7 and j, normal spring Kn and damper Cn are assumed, along with no
tension joint where tensile contact reaction is neglected. In tangential direction, tangential
spring Ks and damper Cs are similarly used. Coulomb friction may also be included with
the friction coefficient of p.

If the surface of soil cutting tool has protuberances, we can add corresponding DEM
elements onto the surface of tool and calculate surface reaction. An example of soil
deformation with a cutting tool with protuberances by GEM is shown in Figure 2.

At the surface of soil-engaging tools, it should take into consideration both soil adhesion
and friction. Soil adhesion can simply be expressed as an additional term in Coulomb
friction term.

In DEM, the easiest expression of including soil adhesion is the introduction of tensile
spring along with compression spring in the normal direction [6].

As for the effect of surface modification to soil adhesion by DEM, microscopic model will
also be necessary in case of rough surface condition. For this microscopic computation, a
representative volume element (RVE) can be included in DEM. For mesoscopic or
macroscopic computation, conventional DEM with small diameter of elements may be

simple and can be easily applied.

3 Experiments under preparation

Tool surfaces can either be modified by altering intrinsic properties of base material
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micro-morphologic modifications, which include heat treatment and fusing metallic/non-
metallic elements into base material; or by modifying surface structure macro-morphologic
modifications, using coating or plating and mounting protrusions. The latter offers greater
practical ease due to minimal know-how required at operator’s level. Moreover, toughness
and hardness, considered as important material properties, should be present in sufficient
amount in soil-engaging materials. It can not be compromised by replacing whole tool
component. This makes possibility of complete replacement of metal with polymers
obsolete.This favors only coating or mounting of such hydrophobic material onto the
metallic tool surface to retain its strength.

Therefore, two types of surface modification will be employed in the experiments;
protuberances and dimples. And some variation of arrangement will be tried so that the

effect of arrangement on the soil adhesion can be cleared.

4 Concluding Remarks

This research attempts to target for lowering rolling resistance of soft-ground off-road
vehicles on paddy fields,swamp and beaches; reducing ploughing resistance of tillage
implements including mouldboard and disc ploughs; and
decreasing power requirement of construction machinery including dozers, levelers and
excavators. Although the research still continues, the design tool for surface pattern
modification will be developed within few years.

Finally, the author would like to thank Mr. Yasuyuki Shioji, Master’s Program student,
Graduate School of Agriculture, Kyoto University, for his cooperation in this joint research

program.
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