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1. Outlining properties of volcanic ash soils

The Japanese Islands are the places where 4 tec-
tonic plates, that are Pacific, North American, Eurasia
and Philippine Sea plates, meet. There are active
volcanoes more than 80, and medium and small-scale
eruptions frequently occur somewhere in Japan. Vol-
canic ash soils cover approximately one-sixth of the
Japanese land surface. Volcanic ash soils are mainly
distributed in southern and eastern parts of Hokkaido,
eastern part of Tohoku, Kanto, Chubu, around the Mt.
Daisen in Chugoku, and central and south Kyushu
districts (Saigusa and Matsuyama, 1998). The word
“volcanic ash soil” is used for any soil derived from
volcanic ash. Kurobokudo is a name used more spe-
cifically for a black and fluffy soil, and is the major
soil derived from volcanic ash on the uplands in Ja-
pan. Kurobokudo, Andisols, Andosols and Ando soils
are the names used for the volcanic ash soils rich in
active Al and Fe, and the definitions of these words
are similar in many respects. In this paper, “Ando
soils” is used as a common name.

a. Morphological properties

The matured Ando soils show a unique set of
morphological, mineralogical, chemical and physi-
cal properties. A thick, humus-rich, dark-colored A
horizon underlain by a brown Bw horizon is a typical
profile of these soils. The black A horizon is formed
under grass vegetation dominated by C4 plants (Yo-
neyama et al., 2001) and the grass vegetation was
maintained by intensive human activities like setting
fire to the fields. On the other hand, the dark brown
A horizon is formed under forest vegetation. Thick
multi-sequum soils locate near large volcanoes as a
result of repeated huge eruptions with long dormant
periods. Fresh deposits of air-borne ash and lahar are
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sandy layers, and they are vitrandic Entisols or volca-
nogenous regosols.

b. Mineralogical properties

Volcanic glass is the major component of the fresh
volcanic ash and it is the major parent material of the
Ando soils. Non-crystalline or poorly crystalline min-
erals such as allophane, imogolite, ferrihydrite and
opalline silica are the characteristic secondary miner-
als in the Ando soils. Allophane has a very small hol-
low spherical structure 3 to 5 nm in diameter (Wada,
1989). Imogolite has very thin tubular structure 1 and
2 nm in inner and outer diameters, respectively. The
typical allophane shows elemental composition close
to Si0," AL,O,- nH,O similar to that of imogolite
(Wada, 1989). Opalline silica shows thin ellipsoidal
shape, consists mostly of silica, and is often found in
the A horizon of young Ando soils (Shoji and Masui,
1971).

¢. Chemical properties

Ando soils show unique chemical properties such
as high phosphate sorption capacity, variable charge,
etc. due to abundant non-crystalline secondary min-
erals and highly humified humus complexed with
Al (Shoji et al., 1993). Phosphate is sorbed by the
active Al contained in allophane, imogolite and Al
complexed with humus and by the active Fe in ferri-
hydrite. A series of reactions are accompanied by the
phosphate sorption such as a decrease in the amount
of positive charge of the soil, release of hydroxide
ion, silicate ion and soluble organic matter from the
soil, and an increase in negative charge of the soil
(Nanzyo and Watabanbe, 1981; Nanzyo, 1988). The
variable charge means the amount of positive and
negative charges dependent on pH and concentration
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of an indifferent electrolyte. The positively charged
site is formulated as a protonated hydroxo-ligand
bound to active Al and Fe. The negative charge arises
from dissociation of hydroxyl group bound to the ac-
tive Al and Fe and dissociation of carboxyl groups.
The negative variable charges show high preference
to multivalent cations, including heavy metals (Wada,
1989).

d. Physical properties

The noncrystalline and poorly crystalline second-
ary minerals and humus also affect the physical
properties of Ando soils (Shoji et al., 1993). Allo-
phane, imogolite, ferriydrite and humus form stable
and highly aggregated structures that have abundant
micro, meso and macro pores. These highly porous
structures hold a large amount of hygroscopic and
plant-available water. The porous structure also
leads to high hydraulic conductivity of these soils.
The highly porous structure is the reason for the low
bulk density of these soils. Due to the high stability
of porous micro aggregates that accommodate water
inside, these soils show high liquid and plastic limits.
Allophane and imogolite hardly disperse at neutral
pH range because they have the zero point of charge
in this pH range. Abundant humus further stabilizes
the aggregated structure. Water holding capacity, dis-
persibility of noncrystalline clays, liquid and plastic

limits of these soils irreversibly decrease with drying.

e. Classification

Some of the properties mentioned above are used
in the criteria of soil classification systems. High
phosphate sorption capacity defines the Kuroboku
soil group in the classification of Japanese cultivated
soils. The Kuroboku soil group corresponds to Andi-
sols in the Soil Taxonomy (ST) of the United States
Department of Agriculture (Soil Survery Staff, 1999;
2006), and Andosols of the World Reference Base for
Soil Resources (WRB) (FAO, 2006). Abundant oxa-
late-extractable Al and Fe, low bulk density and high
phosphate retention are the important requirements to
define matured Andisols and Andosols (WRB). Vol-
canic glass content is also used to characterize young
Andisols and vitric Andosols (WRB). Subdivision
into allophonic and nonallophanic ones according
to the predominance of allophane-imogolite or Al-
humus complex is included at least partly in all the
classification systems of the Kuroboku soil group,
Andisols and Andosols (WRB).

f. Genesis

" Ando soils are mostly formed on uplands under
humid climates (Shoji et al., 1993; 2006). Volcanic
glass, commonly rich in Si, is dissolved forming Al-
rich colloidal materials that are allophane, imogolite
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and Al-humus complex and Fe-rich ferrihydrite.
Rapid dissolution of volcanic glass and removal of Si
and basic cations needs humid climate and location
on uplands with good drainage (Fig. 1). Inceptisols
are also formed under semi-dry and dry climates and
in the poorly drained areas possibly due to slower
removal of Si. Spodosols are possibly formed under
humid and cold climate due to intensive formation of
soluble chelating organic materials in the overlying
organic layer (Shoji et al., 2006).

g. Utilization

Ando soils in Japan were previously the problem
soils due to phosphorus deficiency, high Al toxicity of
non-allophanic Ando soil, Cu and Zn deficiency and
so on. These chemical problems have been amended
and the Ando soils are used as excellent upland fields
having good physical properties such as high air and
water permeability, and high water holding capacity
(Shoji et al, 1993). Root crops such as horse radd-
ish, chinese yam, burdock, are especially suitable for
Ando soils as well as many other upland crops. In the
tropical countries, Ando soils are relatively graded
better than in Japan possibly due to high temperature
enhancing phosphorus release, nitrogen mineraliza-
tion and plant growth.

2. Studies on volcanic ash soils in Japan

It is almost a century since Seki’s early work on
volcanogenous loam was published (Shoji et al.,
1993). Several monographs on volcanic ash soils
were published in English in the latter half of the
20™ century. In 1964, the Ministry of Agriculture and
Forestry (1964), Japanese Government, compiled
“Volcanic Ash Soils in Japan”. The book includes ten
chapters that are distribution of volcanic ash soils,
land use, soil minerals, physical properties, soil ero-
sion, chemical properties, microbiological properties,
classification, valuation on productivity of volcanic
ash soils, and development of soil productivity. By
that time, variable charge properties (Ilimura, 1966)
and high phosphate sorption capacity of Ando soils
were recognized, and Yoshinaga and Aomine (1962)
discovered imogolite. Humic acid type in Ando soils
was found to resemble that of Tsuernozems by Ku-
mada et al. (1967). In 1986, Wada published “Ando
Soils in Japan”. This book includes detailed soil char-
acterization data of 26 soil profiles covering south to
north of representative sites in Japan (Wada, 1986).
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By that time, opalline silica was reported by Shoji
and Masui (1969) in the A horizon of young Ando
soils. Then, unique shape of allophane particles was
described by Kitagawa (1971) and was confirmed
by Henmi and Wada (1976). A comprehensive book
“Volcanic Ash Soils-genesis, properties and utiliza-
tion was published by Shoji, Nanzyo and Dahlgren
(1993) integrating the developments made by Inter-
national Committee on the Classification of Andisols
(ICOMAND) and other research works from all over
the world as well as those from Japan. By this time,
the Andisol order was established in ST as the elev-
enth soil order (Eswaran and Beinroth, 2000).

Moreover, many valuable review papers and spe-
cial issues on Ando soils were published by Japanese
authors as follows: Amorphous clay constituents of
soils (Wada and Harward, 1974), Physical properties
of allophane soils (Maeda et al., 1977), The distinc-
tive properties of Andosols (Wada, 1985), Allophane
and imogolite (Wada, 1989), Clay mineralogy and
chemistry of soils formed in volcanic material in di-
verse climatic regions (Mizota and Reeuwijk, 1989),
Volcanic ashes and their soils (Matsumoto, 2002),
The nature, properties and management of volcanic
soils (Dahlgren et al., 2004), and Factors of soil for-
mation: climate. As exemplified by volcanic ash soils.
(Shoji et al., 2006).

3. International collaboration

Many collaborative works between Japan and over-
seas countries have been done to develop sciences
on volcanic ash soils. The name “Ando soils” was
introduced in 1947 during reconnaissance soil sur-
vey in Japan by American soil scientists (Simonson,
1979; Hirai and Hamazaki, 2004). In 1964, FAO soil
correlation meeting on volcanic ash soils was held
in Tokyo. During this meeting, the attendants visited
8 pedons in Hokkaido, Kanto and Kyushu districts,
and definition of Kurobokudo were discussed based
on their properties (Oyama, 1965). Two seminars on
amorphous materials in soils were held at Kyushu
University and Oregon State University in 1969 and
1976, respectively, for the direct exchange of infor-
mation and cooperative studies (Van Olphen, 1971;
Haward and Wada, 1976). In 1978, ICOMAND was
established after the Andisol proposal of G.D. Smith.
Many workshops and meetings were held during the
ICOMAND activities for more than 10 years (Es-
waran and Beinroth, 2000). The 9% International Soil
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Fig. 2. Participants to 9th International Soil Classification Workshop.

Classification Workshop was held in Kanto, Tohoku
and Hokkaido districts, Japan, in 1987 (Fig. 2). The
tour guide describing geological and climatic infor-
mation, morphology of soil profiles and characteriza-
tion data of 23 pedons were delivered at the meeting
(SMSS and Japanese Committee of the Ninth Interna-
tional Soil Classification Workshop, 1987; Shoji and
Otowa, 1987) and the proceedings were published by
Kinloch et al. (1988). The number of attendants was
about 120 from Japan and 40 from 16 overseas coun-
tries. The central concept of Andisols was revised
from the exchange complex dominated by amorphous
materials to abundant active Al and Fe including
humus-Al complex during the ICOMAND activities.
Collaborative works were also done in Indonesia
(Miyake, 1983) and Philippines (Otsuka et al., 1988;
Otsuka, 1991; Yoshida and Takahashi, 1992; BSWM
and SRDC, 1993; Samonte et al. 1995; Nanzyo,
1996; Nanzyo et al, 1999) under the projects and sup-
ports of the former Tropical Agricultural Research
Center, Japan International Cooperative Agency, the
Japanese Government, and the Ministry of Education,
Science, Sports and Culture of Japan.

Many Japanese researchers visited USA, New Zea-
land, European countries etc., to attend meetings and
to study Ando soils in overseas countries. The meet-
ing on soils with variable charge was held in New
Zealand in 1980 (Theng, 1980). International sym-
posium was held on Rehabilitation and Improvement
of Productivity in Pinatubo Lahar and Ashfall Areas
in Central Luzon, Philippines (National Research
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Council of the Philippines, 1997). A series of meet-
ings were held between 1998 and 2004 as the Euro-
pean Cooperation in the field of science and techni-
cal research (COST) action titled Soil Resources of
European Volcanic Systems (COST-622) (Bartoli et
al., 2003; Arnalds and Stahr, 2004; Oskarsson and
Arnalds; 2004; Arnalds et al., 2007; Buurman et al.,
2007). The Field Science Center, Tohoku University
held an meeting on New Perspectives of Volcanic
Ash Soils in the Integrated Ecosystems in 2004 hav-
ing 6 speakers from overseas countries in the Circum
Pacific Volcanic Zone (Nanzyo et al., 2005). Recent
developments of the studies on Ando soils were dis-
cussed and a field workshop was held in the Mt Fuji
area in Japan (Takesako, 2006; Lowe, 2006). The
main objectives of IVth International Symposium on
Deteriorated Volcanic Soils (ISVO’06) were to pro-
mote the exchange and discussion about the general
problem of deteriorated volcanic soils, the improved
management approaches and the challenges that lie
ahead of the agricultural and soil scientists, and par-
ticularly of the farmers living in volcanic regions all
over the world (Bravo et al., 2006). Participants were
from Central and South America, Europe, USA and
Japan. Intensive research activies of the European soil
scientists in collaboration with the Central and South
American countries were introduced in this meeting.
The titles of symposium related to Andosols in the
recent World Congresses of Soil Science are “Physi-
cal, chemical and mineralogical characteristics of
Ando soils” at Kyoto in 1990, “Indurated volcanic
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soils: use and management” at Acapulco in 1994,
“Crystal chemistry of trace elements and evolution
in soils of short range ordered minerals” at Mont-
pellier in 1998 and “Andisols and related soils” at
Philadelphia in 2006. Many presentations on the clay
fraction of Ando soils and a session on “soil and non-
crystalline clays” were included in the International
Clay Congress held in Japan in 1969 (Heller, 1969;
1970) and in 2005 (Narita, 2006), respectively.

4. Perspectives

Human impacts on soils and environments are in-
creasing now. Even under these situations, objectives
of soil science are to elucidate material cycles quanti-
tatively in the surface layer of the earth, to control the
material cycles for environmental conservation and
sustainable crop production, to keep the soil qual-
ity high, etc. High buffering capacities of Ando soils
in many reactions appear useful to ameliorate some
environmental problems. International collaboration
will contribute to exchange our information and help
our development because the properties of Ando soils
are dependent on regional climates and human ac-
tivities. Integration of developments in the different
scientific fields and new fact-findings will also be ef-
fective to approach our goals.

Acknowledgement

This is an updated version of a paper presented in
the symposium of Science Council of Japan under the
subject of “Frontiers of Soil Science: MESSAGES
from the SOIL SCIENCE in ASIA” (Sep. 9th, 2005
in Tokyo). This work was partly supported by the
Grant-in-Aid for Scientific Research (No. 17405024)
from the Ministry of Education, Science, Sports and
Culture of Japan.

Literature

Arnalds, O. and K. Stahr (eds.) (2004) Volcanic re-
sources: occurrence, development and properties.
Catena 56: 1-264.

Arnalds, O., F. Bartoli, P. Buurman, H. Oskarsson, G.
Stoops, and E. Garcia-Rodeja (eds.). (2007) Soils
of Volcanic Regions in Europe Springer, New
York, in press.

Bartoli, F., P. Buurman, B. Delvaux and M. Madaira
(eds.). (2003) Volcanic soils: Properties and pro-
cesses as a function of soil genesis and land use.

75

Geoderma, 117: 183-375.

Bravo, M., J. Etchevers, J. F. Galardo, A. Garcia,
C. Prat, G. Werner and E. Zapata (org. com-
mit.). (2006) IVth International Symposium on
Deteriorated Volcanic Soils (ISVO’06) (Use and
management of Tepetates, Talpetates, Cangahuas,
Trumaos, etc.) July, 1-8, 2006 in Morelia, State of
Michoacan and Tlaxcala, State of Tlaxcala, Mexi-
co. pp. 91.

BSWM and SRDC. 1993. Utilization of soil survey
information for sustainable agriculture, 3* Inter-
national forum on soil taxonomy and sustainable
land management, May 17-May 28, Soil Research
Development Center, Convention Hall, Elliptical
Road, Dilliman, Quezon City.

Buurman P., O. Analds, and C. Regalado (eds.). (2007)
Thematic issue on volcanic soils. Eur. J. Soil Sci.,
in Press.

Dahlgren, Saigusa and Ugolini (2004) The nature,
properties and management of volcanic soils, Adv.
Agron., 82: 113-182.

Eswaran, H., and F. Beinroth (2000) Andisols: Evolu-
tion of their classification and nomenclature, Soil
Survey Horizons, 41: 104-110.

FAO. (2006) World Reference Base for Soil Re-
sources -A framework for international classifica-
tion, correlation and commnunication, World Soil
Resources Reports No.103. FAO, Rome.

Haward, M. E., and K. Wada (1976) Amorphous and
poorly crystalline clays: nature, properties and
management, A seminar held under auspices of
U. S.-Japan Cooperative Science Program: Na-
tional Science Foundation and Japan Society for
Promotion of Science.

Heller, L (chief-ed.). 1969; 1970. Proceedings of the
International Clay Conference 1969, Tokyo, Japan,
Sep. 5-10. Israel Univ. Press, Jerusalem. Vol. 1
(1969), pp. 935., Vol. 2 (1970), pp. 246.

Henmi, T. and K. Wada (1976) Morphology and com-
position of allophane. Am. Mineral. 61: 379-390.
Hirai, H., and T. Hamazaki (2004) Historical aspects
of soil classification in Japan, Soil Sci. Plant Nutr.,

50, 611-622.

Iimura, K. (1966) Acidic properties and cation ex-
change of allophane and volcanic ash soils. Bull.
Nat. Inst. Agric. Sci., B-17: 101-151.

Kitagawa, K. (1971) The “unit particle” of allophane.
Am. Mineral. 56: 465-475.

Kinloch, D. I., S. Shoji, F. H. Beinroth, and H. Es-



Nanzyo.

waran (eds.). (1988) Proceedings of the ninth
international soil classification workshop, proper-
ties, classification, and utilization of Andisols and
paddy soils. JAPAN, 20 July to 1 August 1987.
pp. 632.

Kumada, K., O. Sato, Y. Ohsumi and O. Ohta (1967)
Humus composition of mountain soils in central
Japan with special reference to the distribution of P
type humic acid. Soil Sci. Plant Nutr., 13: 151-158.

Lowe, D. J. (2006) International symposium on vol-
canic-ash soils and field workshop in Mt Fuji area,
Japan, New Zealand Soil News, 54: 43-53.

Maeda, T., H. Takenaka and B. P. Warkentin (1977)
Physical properties of allophane soils. Adv. Agron.,
29:229-264.

Matsumoto, S (ed.). (2002) Volcanic ashes and their
soils, Global Environmental Research, Vol. 6.
135pp.

Ministry of Agriculture and Forestry, Japanese
Government (1964) Volcanic Ash Soils in Japan.
pp. 211, Sakurai-Kosaido Printing Co. Ltd., Tokyo

Miyake, M. (1983) Soils in Indonesia, Nettai Nouken
Shuhou 46: 17-24.

Mizota, C. and L. P. Reeuwijk (1989) Clay mineral-
ogy and chemistry of soils formed in volcanic ma-
terial in diverse climatic regions. Soil Monograph
2, ISRIC, pp. 185.

Nanzyo, M. (1988) Phosphate reactions with Andis-
ols In: D. L. Kinloch, S. Shoji, F. H. Beinroth and H.
Eswaran (Editors), Proc. 9th Int. Soil Classifica-
tion Workshop, 20 July to 1 August, 1987, Japan.
Published by Japanese Committee for the 9th Int.
Soil Classification Workshop, for the Soil Manage-
ment Support Service, Washington D. C., U. S. A,,
pp. 567-579.

Nanzyo, M. (1996) Restoration of agriculture in
Pinatubo lahar areas. Grant-in-Aid for Scientific
Research (No. 07044174) from the Ministry of
Education, Science, Sports and Culture of Japan.
pp- 202.

Nanzyo M. and Y. Watanabe (1981) Material balance
associated with phosphate sorption by amorphous
clays, silica-alumina gel and synthetic goethite.
Soil Sci. Plant Nut., 27: 329-337.

Nanzyo, M., Y. Nakamaru, S. Yamasaki, and H. P.
Samonte (1999) Effect of reducing conditions on
the weathering of Fe**-rich biotite in the new lahar
depsoit from Mt. Pinatubo, Philippines. Soil Sci.,
164: 206-214.

76

Nanzyo, M. et al. (2005) Special review on new per-
spectives of volcanic ash soils in the integrated
ecosystems, J. Integ. Field Sci., 2: 1-87.

Narita, E (chief-ed.). (2006) Claysphere -Past, present
and future-, Proceedings of the 13% International
Clay Conference Tokyo, Japan, August 21-27,
2005. Clay Sci. Soc. Japan, pp. 237.

National Research Council of the Philippines (1997)
International Symposium on “Rehabilitation and
Improvement of Productivity in Pinatubo Lahar
and Ashfall Areas” on 17-18 October 1997, Maha-
rajah Hotel, Angeles, Pampanga

Oskarsson, H., and O. Arnalds (eds.) (2004) Volcanic
soil resources in Europe, COST action 622 final
meeting, Abstracts. Rala Report No.214, Agricul-
tural Research Institute, Reykjavik, Iceland. pp.
128.

Otsuka, H. (1991) Genesis and fertility of volca-
nic ash soils in the Philippines, Nettai Nouken
Shuhou, 69: 3-16.

Otsuka, H., A. A. Briones, P. Daquiado, F. A. Evange-
lio (1988) Characteristics and genesis of volcanic
ash soils in the Philippines, Tech. Bull. Trop. Ag-
ric. Res., Center, 24: 1-122.

Oyama, S. (1965) FAO soil correlation meeting on
volcanic ash soils held in Japan. J. Sci. Soil Ma-
nure, Jpn., 36: 22-30.

Saigusa, M. and N. Matsuyama (1998) Distribution
of allophanic and non-allophanic Andosols in Ja-
pan. Tohoku J. Agric. Res., 48: 75-83.

Samonte, H. P., S. Shoji, M. Nanzyo, M. Chino, K.
Kimura, A. M. Ocampo and J. Willauer (1995)
Use of controlled availability fertilizers (CAF) in
the production of rice, corn, and legumes on lahar,
Philippine Technology Journal, 20 (1): 74-91.

Shoji, S. and J. Masui (1969) Amorphous clay miner-
als of recent volcanic ash soil (Part 1). Contents
and composition of amorphous materials and exis-
tence of discrete amorphous silica. Jpn. J. Soil Sci.
Plant Nutr., 40: 441-447.

Shoji, S. and J. Masui (1971) Opaline silica of re-
cent volcanic ash soil in Japan. J. Soil Sci., 22:
101-112.

Shoji, S. and M. Otowa (1987) Problems raised on
Andisol classification during the 9™ international
soil classification workshop, Pedologist, 31:
187-197.

Shoji, S., M. Nanzyo and R. A. Dahlgren (1993) Vol-
canic Ash Soils -Genesis, Properties and Utiliza-



Introduction to Studies on Volcanic Ash Soils in Japan and International Collaboration

tion- Elsevier, Amsterdam, pp. 288.

Shoji, S., M. Nanzyo and T. Takahashi (2006) Fac-
tors of soil formation: climate. As exemplified
by volcanic ash soils. In: Eds. G. Certini and R.
Scalenghe, Soils: Basic concepts and future chal-
lenges. Cambridge University Press, pp. 131-149.
Cambridge, UK

Soil Survey Staff (1999) Soil Taxonomy -A Basic
System of Soil Classification for Making and In-
terpreting Soil Surveys. 2™ ed. US department of
Agriculture, Natural Resources Conservation Ser-
vice, Agriculture Handbook No. 436.

Soil Survey Staff (2006) Keys to Soil Taxonomy, 10%
ed. US department of Agriculture, Natural Re-
sources Conservation Service. pp. 332.

Simonson, R. W. (1979) Origin of the name “Ando
Soils”. Geoderma, 22: 333-335.

SMSS and Japanese Committee of the Ninth Interna-
tional Soil Classification Workshop (1987) Ninth
International Soil Classification Workshop, proper-
ties, Classification, and Utilization of Andisols and
Paddy soils, Kanto, Tohoku, and Hokkaido, Japan,
pp- 327.

Takesako, H. (ed.) (2006) Proceedings, International
Symposium on Volcanic-Ash Soils and Field
Workshop in the Mt Fuji Area. Co-sponsored by
Institute of Science and Technology, Meiji Uni-
versity, and Japanese Scociety of Pedology. Tkuta
Campus, Meiji University, 17-19 March, 2006,

pp- 94.

77

Theng, B. K. G.(ed.) (1980) Soils with variable
charge. New Zealand Society of Soil Science, New
Zealand. pp. 448.

Van Olphen, H. 1971. Meetings: Amorphous clay
materials, Science, 171: 91-92.

Wada, K (1985) The distinctive properties of Ando-
sols. Adv. Soil Sci., 2: 173-229.

Wada, K. (ed.) (1986) Ando Soils in Japan. Kyushu
Univ. Press., Fukuoka, Japan. pp. 276.

Wada, K. (1989) Allophane and imogolite. In: Miner-
als in Soil Environment 2™ ed. 1051-1087. SSSA,
Madison, Wisconsin, USA.

Wada, K. and M. E. Harward (1974) Amorphous clay
constituents of soils. Adv. Agron., 26: 211-260.

Yoneyama, T., Y. Nakanishi, A. Morita and B. C.
Liyanage (2001) $*C values of organic carbon in
cropland and forest soils in Japan. Soil Sci. Plant
Nutr., 47: 17-26.

Yoshida, M., and T. Takahashi (1992) Use of soil
maps for the estimation of mudflow affected areas.
Expert bulletin for International Cooperation of
Agriculture and Forestry/Japan Association for
International Collaboration of Agriculture and For-
estry, 13: 1-14.

Yoshinaga, N. and S. Aomine (1962) Imogolite in
some Ando soils. Soil Sci. Plant Nutr., 8: 114-121.



