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f Kk =
Precipitation

ANNUAL average rainfall total (mm)

by FAD - SDRM - Agrometeaoralagy Group - 1937
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X\ ,m

Temperature

ANNUAL average temperature("C)

|
by FAD - SDREM - Agrametearalogy Group - 1997 -295-145 43 55 155 3035 40

http://www.fao.org/WAICENT/FAOINFO/SUSTDEV/Eldirect/CLIMATE/EIsp0002.htm
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Climate
classification

A B C
Koeppen's Climate Classification HE IS [

by FAD - SDRM - Agrometeaorology Group - 1937 Tropical Dry  Temperate Cold Polar

HE A4 X 7
Vegetation
classification

o 170 610 1310 2310

Potential Biomass (gdm/m2iyr) B i

by FAQ - SDRM - Agrometeoralogy Group - 1957 10 50 110 310 1210 2010

http://www.fao.org/WAICENT/FAOINFO/SUSTDEV/Eldirect/CLIMATE/EIsp0002.htm
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Main point of the lecture
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Soil for the production and environment

— Soil is important for agricultural production and environmental conservation as a
resource of intrinsic land
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Fundamentals of soil science

— Soil formation is generated by five factors including biological process

— Soil is mainly composed of three phases, such as soil particles (solid phase),
water(liquid phase) and gas phase(air)
— The world's soils are classified into 12 patterns
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Contents of the lecture

o IKEIRE - IKIF * Water resources:
o Hydrol
- Bk E i

— Precipitation

o HIFRMMDEUNZ  « Heat balance of the
ground surface

* TRE |
* Soil formation
— T 1E
el N — Soil profile
- HRDLTIE

— The world's soil



7K X = (hydrology)
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Definition
— A field of earth science that target the water cycle on Earth
— Scientific research focuses on nature of regional water,

i

distribution, movement, water balance
from the circulation process on earth

AR

— 7K0)15¥§ AR EL T DK DR - RS st &FE. =

P T KDZENEF

Research interests
— As a source of water, regional characteristics and temporal

distribution of precipitation, evaporation, infiltration, and
movement of land water and groundwater



Definition of hydrology(1964, UNESCO)
KIFEDFEZ (1964, 1 4+R1)

 Hydrology is the science which deals with the waters of
the earth, their occurrence, circulation and distribution
on the planet, their physical and chemical properties and
their interactions with the physical and biological
environment, including their responses to human
activity. Hydrology is a field which covers the entire
history of the cycle of water on the earth
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General circulation of water in the Earth
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The Water Cycle
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http://ga.water.usgs.gov/edu/watercycle.html




7K U K (hydrological equation)

P—R-G—E—-T=AS

P: /K= R:ifil= G: B TF/K= E:2R¥E=
T: 28 &= AS: BT

P: Precipitation, R: Runoff, G: Ground water,

Hﬁlﬂl

E:Evaporation, T: Transpiration, AS :Storage
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http://kobam-hp.web.infoseek.co.jp/meteor/energy-balance.html




Global Energy Flows W m*

102\ Reflected Solar 341 Incoming 239 [ Outgoing
Radiation Solar Longwave
101.9Wm? Radiation f Radiation

341.3Wm? 238.5Wm?
Reflected by
Clouds and 7 :
Atmosphere 40 Gkr:g;ahenc
79
17 ‘
Reflected by g:ci
Surface S
23 ‘ Radiation
161

B == 333

http://hal.astr.ucl.ac.be/textbook/chapter2 node8.xml
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Heat balance of the ground surface
ETUNSZ D = (Radiation balance equation)

Rn=SJ+ST+ LY + LT
SRS L RIEBUGH
S:Shortwave radiation, L:Long-wave radiation
ZRZ DI (Heat balance equation)

Rn=G+H+Le

G:HPER=E (MPDHEDBE)

H:BEEAT SV IR (RREIEIZLD)

Le : BEAD SV IR GRFEICKDHKETEAEZE)

G:Geothermal heat flow(Movement of heat to the ground)

H: Sensible heat flux (due to changes in temperature)

Le:Latent heat flux (Heat transfer due to evaporation of water vapor)



TIEFDEE (wikipedia)

o FIEF(ELLIDK. Soil science) L. tEBKDREB(ZHS. KAEIR
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Definition of soil science (wikipedia)

Soil science is the study of soil as a natural resource on the surface of
the earth including soil formation, classification and mapping; physical,
chemical, biological, and fertility properties of soils; and these properties
in relation to the use and management of soils.

Sometimes terms which refer to branches of soil science, such

as pedology (formation, chemistry, morphology and classification of soil)
and edaphology (influence of soil on organisms, especially plants), are
used as if synonymous with soil science. The diversity of names associated
with this discipline is related to the various associations concerned.
Indeed, engineers, agronomists, chemists, geologists, physical
geographers, ecologists, biologists, microbiologists, sylviculturists, sanitari
ans, archaeologists, and specialists in regional planning, all contribute to
further knowledge of soils and the advancement of the soil sciences.

Soil scientists have raised concerns about how to preserve soil and arable
land in a world with a growing population, possible future water crisis,
increasing per capita food consumption, and land degradation.

http://en.wikipedia.org/wiki/Soil science
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Disciplines of soil science

(wikipedia)
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Soil Science Society of America

Soil Physics

Soil Chemistry

Soil Biology & Biochemistry
Soil Fertility & Plant Nutrition
Pedology

Soil & Water Management &
Conservation

Forest, Range, and Wildland
Soils

Nutrient Management & Soil
& Plant Analysis

Soil Mineralogy
Wetland Soils
Soils & Environmental Quality
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Field of soil science will be applied wikiedia)
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Utilization of waste using soil

— Clarification system

— Feedlot manure

— Sludge treatment
Environmental protection of specific areas
where the endangered

— Wetlands, watershed

— Soil susceptible to environmental changes

— Soil is important from the perspective of
biodiversity, protection of habitat

Management of land use
— Forestry
— Agronomic
Manure management
Irrigation facilities
— Grazing
Water quality management
— Heavy rain management
— Sediment and erosion control
Restoration of damaged soil, bioremediation
— Reclamation of mine
— Flood erosion, due to heavy rainfall
— Soil contamination
Sustainable resource use
— Conservation of topsoil
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History of the interpretation of soil productivity

TORZFARE—M)p.69kY

. 17'&\%&*)3&3 e Early 17th century

)/ NJILEVEDEER — Van Helmont experiment
(*£¢%*%®7K”R) — Theory of water for plant nutrition
.« 18t

e 18th century

— BIL(AFX)R; THIFiR) — Tal (UK; theory of soil particles)

LUDR(RDT—T;

— Valerius (Sweden; humus theory) -
- EiEs) S THIAE "fat land"
_ T/(rj,f(,(:\:. ;() F—7 — Davy (UK), Thaer (Germany) - humus
(1Y) — &gk theory
e 1840 e 1840
—E . — Liebig (Germany)
% £ EvE (1Y) — "“#&* e Theory of Inorganic nutrition
- e P — Founding of "agricultural chemistry"
“:’%JODFI]—L _ e Soil is recognized as a storage of plant
. ili*ﬁ#@x%@ﬁ”‘miﬁlﬁc‘: nutrition

I:IL:D



T 1ZE D= (The concept of soil)

TOHFAE—HD XY

+ AL T . Unglﬁ?fsigmtehcﬁiigiz:ﬁed by
— TEITER DB, HHL - . ,
ligogtfdtgté:gfﬂ?ﬂzéh }(l\r/]eea;cgcekrmg or fracturing of
— EMIANDEDELLIE — Source of nutrients to plants

e Dokuchaev (1883; black soil
of Russia, Russian Chernozem)

— Soil is natural body on Earth,
which has changed by a

« FOFr—I7T(1883;A7F
DE \:t Russian Chernozem)

- TEIITEY G EZH LA process such as through
FRICEDT %’Z’lttflﬂ%ﬂﬂfi}i the organism
L O B (natural body) — Five soil formation factors are
— :I:LE_&-_EZ.?(B’J)#EEE important

o R, £, #IR. B, B * Climate, Organisms, Relief,
Parent material, Time
s=f(Cl, O, R, P, T)



Soil Profile horizons (J&1{sL)

R 0 horizon 01 | Undecomposed litter
lant .
igsidues) 02 | Partly decomposed debris
! t A1 | Zone of humus accumulation
A horizon :
(zone of A2 | Zone of strongest leaching
eluviation)
A3 | Transitional to B horizon
Solum
true :
goil) T B1 | Transitional to A horizon
Regolith B horizon o
(weathered| (zone of B2 | Zone of maximum illuviation
material) illuviation)
1 l B3 | Transitional to C horizon
X
C horizon
(parent C | Unconsolidated rock
material)
1
t
R layer R | Consolidated rock
(bedrock)

after D. Hillel(2008), p.24

Surtace mulch

A Horizon

B Horizon

C Horizon

Bedrock



Process of soil formation

TIEA OEFE
Podzolization 7REYVILIEYEFE
Leaching SRR 1E FE
Calcification AREFFIERE
Ferralization 7 LT ELER
Salinization 18fEEIEIERF
Solodization 7 JLAJIEAEFE

After E.M.Bridges(1970), pp.21-25
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ds H+
Organic a1 3 Jreane s —
i ' Organic acids H+

v Breakdown of

Leaching and lony Very slight clay minerals, A
ot clay patticler, leaching accumulation of
' : ' A Fe and Al
accumulation of Eb accumulation of
organic  matter organic matter
\
— Slight gain of ~— Losses of Si
~ + +4 - > ‘
LLSV pal'lli'lk?\ Ca+ Mg Na+ K ~ v
Lca
Ca++ Mger Nas Ke gllght loss of
— a++ Mg++ Na+ K+ N
T — 9 Some formation 8
'--\ — VIrtually no loss c of kaolinite
Accumulation of to drainage water
clay. some iron, Bt
some re-adsorption Loss of Si N Ca++
of bases Mg+ Na+ K+
-\\/
Some loss Ca+t .o . _
Mg Na+ K* Calcification To drainage water | C
—— / =x=
— AIREREA
o C

To drainage water

Ferralization

®7 I EER

Leaching
SRR After E.M.Bridges(1970), pp.21-25



VERY LITTLE
RAINFALL

- R
e-evaporation

SLIGHT
RAINFALL

FE SALT ECRUST

Stable structure
with neutral
salts

—

Gains of Na+
l Mg*"' Cl- SOL‘

Slight supply
0rganic acids H+ |

Unstable structure,
dispersed clays

and organic A
matter

Loss of Ca++
Mg++ Na+ K+

Transmission of

salts by
capillarity

in pores and
fissures

=T Gains of Na+
Mg++ Cl- SO

deposition of salts

Formation of
NaCO3z and B
Na - clays

Loss of Ca++

/’

],

Salinization

G5B /E A

Solodization

7ILHIEtEH

RAINWATER

EmEEeEESENAREENNGEEE]

Organic acids H?
colloidal organic

matter
famsa
/ A
Ea

leaching and
breakdown of
clay minerals

Colloidal organic

matter

Fe Al Si N Cat*t

Mg++ Naf K+
/ B

Accumulation of
colloidal organic
matter, iron and
aluminium

Serious loss
N Ca* Mg* Na*
K+ I

i

To drainage water C

Podzolization

REVILIEERR

After E.M.Bridges(1970), pp.21-25
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Soil Taxonomy

Soil Orders
. Alfisols _ ' Entisols - Inceptisols - Spodosols - Rocky Land
B Andisols || Gelisols B moliisols Ultisols Shifting Sand

aridisols [l Histosols || oxisols B vertisols [ | icelGlacier

USDA US Department of Agriculture  Soil Survey Division
ﬁ \ /] Matural Resources World Seoll Resources

Conservation Service soils.usda.goviuse/worldsoils November 2005

http://soils.usda.gov/use/worldsoils/mapindex/order.html




2 Dirt Doctors

Handy

Attracting young people to soil

Windows Intérnal Explorer

“Dirt Doctor”
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Sandy

Rusty

Monty

Rocky

THE MACALULAY ILAND USE
RESEARCH IMSTITUTE,

_Search |

Sandy
BAge:

Younger than most Scottish soils

Address:
By the sea

Preferred Occupation:
Golfer/crofter

HeighthWeight:
Usualky healthy, but height can suddenty change

Colour:
Yellow

Personality:
Prone to breakdown

Motes:

The patient displays a gntty determination and a very dry sense of
humour, but if disturbed he displays signs of instability and should be
handled with care.

Health advice:

Sandy the golfer requires nutrition and freguent minor operations wath
cuthing implernents whereas s cousin, Machair, frorm the Western
Isles, requires more natural remedies such as the addtion of

semwmen and hie annoal Baar et
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Soil Health Profile
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Fundamentals of Soil properties

 What is soil made of? .,
— Soil particles, water, air m,;,

e Classification of soil particles

— Classified according to the size M.m

h}ﬁ- ,_’ _ '
1 Tt vk i ¥
— Sand, silt, clay (<2 um) jﬂw L e DI .?mﬁ
T T — i M
%

e Nature of the clay
— muddy when it contains a lot of water
— hard when it is dry
— muddy water contains clay



Soil Texture o The textural triangle
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COMPARISON OF PARTICLE SIZE SCALES
Nieve Opening l; lnh: U.S. Standard Nieve N-mm;“
' 21 1 Y B 10 20
T 1T T 1T 17 11 | IITITiIifIII
SAND
USDA GRAVEL - SILT CLAY
‘.:?'ll‘nml\ldml Fine l :_:’
GRAVEL SAND
UNIFIEL SILT OR CLAY
4 Coarse | Fiow |'o¢r\nr Medium ] Fime
GRAVEL OR STONE SAND SILT - CLAY
AASHO
Coarse I Medium J Fine Coarse l Fioe 2 I 1

(- llll!‘ll L 1 11 1 11 1 1 1 1 | J
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Grain Size in Millileters




Classification of textural fractions

Diameter of particles (Logarithmic scale) (mm)

0.001 0.01 0.1 1.0 10.0
I T 1 lrlllll 7T TlrlTll T r—ﬁnll 7 rrnn[
Very . Very
: Fine |Med.|Coars
USDA Clay Silt fine coarse Gravel
Sand
Fine Coarse
ISSS Clay Silt Gravel
Sand
Fine Coarse
: Gravel
Silt
USPRA Clay I Sand

Fine Medium | Coarse Fine Medium | Coarse

T Cla Gravel
BSI, Mi J Silt Sand
Fine Medium | Coarse
: Gravel
DIN Clay Sit Sand

after D. Hillel(2008), p.57
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w W
0.01 0. 05 0. 25 2.0
ot bk b L e HARESE
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Comparative sizes of sand, silt and clay

Sand

100 um after D. Hillel(2008), p.57



a Shape and size of Soil
colloidal particles

HA1)F Ak /caolinite
AFYIFAL/
/ANOY A ~/harosite
NAY Ak

NAY Ak

151 k/ilite
IN—Za2Fa2T5A(4k
/vermuculite

AR A [smectite
AADZA

7Ra7Jx> /alophen
AETZ4F/imogolite
ANTBZA T =34k

/hemasite/geortite

m. ¥ HA/gibsite

M - o o 0 T W

?T‘.—' .

500 nm n. FEHEMEE/humuin



The structural units of aluminosilicate clay minerals

TILS /(BRI

an octahedron oxygens
or hydroxyls enclosing
an aluminum ion

a tetrahedron of oxygen atoms
surrounding a silicon ion

after D. Hillel(2008), p.63



Structural network of octahedra forming an alumina sheet after D. Hillel(2008), p.63
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1 to 2 nm

Ra d |Oa Ct |Ve I\ieutral siloxane surface O0.1to 1.1 nm
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Hydrophilic Sites Hydrophobic sites

(grey)

(red)
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After a material of seminar by C.T Johnston



Cation exchange of Ca?* by Cs*

Johnston et al., Langmuir 17(12) 3712-3718



oil in litate Village, Fukushima Prefecture

HEHFM

Ca-134 RIFCa-137 @
AHOITEE (Ba s m)




Radioactive Cesium Conc. in paddy soil (2011.5.24)

0 lI T T T I I ] T ] O T T T T |
1
' :
2 :
o 9 ! =5 B
o -
= 1
= 1
w 1
5 |
> |: ©Cs134 | | (b) Cs-137
° | 1
=10 ik 410 }
5% E Cesium is adsorbed in a few cm
; layer of top soil
1
15 Il | | | | ! 1 1 | ]5 1 ! 1 L | PR N ! 1
0 10000 0 10000

Cs concentration [Bq/kg] Cs concentration [Bq/kg]

Shiozawa, et.al: Vertical Concentration Profiles of Radioactive Cesium and Convective Velocity
in Soil in a Paddy Field in Fukushima, RADIOISOTOPES, 60, 323-328 (2011)



How should we deal with rice paddies?

wild boars
(April 14, 2012)

= Sumer grass §
(Sept. 4, 2011

. & -




How to think of radioactive cesium

 Regard as a complex of cesium and clay particles
— Clay colloid

 Note the movement of the clay

Cs

 Think the removal of the clay

— Absorbing radioactive cesium
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Su*rement of radiation dose on a slope
near the litate Village office
(2011.6.25; Mizoguchi and Noborio)




Radiation level is high at the border between road
and grass where clay particles stop

2
X
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Lwm BRAKES

Official decontamination
methods by Government

MAFF

Mindstry of Sgrigulture, Forestry and Fisherles:

From August, 2012

Soil puddling method Deep plowing method



Where will contaminated soil ?
(June 24, 2012)

47



How to remediate soil contaminated
by radioactive substances

(1)Soil puddling method
(2) Stripping topsoil method
(3) Inversion tillage method

(4) Stripping frozen topsoil method



Stripping test of frozen topsoil
(January 8, 2012)




5 cm thick frozen soil as a plate
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1.28uSv/h -> 0.16uSv/h



Soil survey in snow storm
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Distribution of radioactive cesium in paddy soil in 19 regions in litate village
(Resurrection of Fukushima, 2012)
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Rotary weeder method that was

- &

2.2

tested by a volunteer group (April 2012)
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Amount of radioactive cesium profiles

before/after rotary weeder operation
(Resurrection of Fukushima, 2012)
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S

= 2012.6.24 Muddy water infiltrated into
“ the ground

-~ -

2012.8.26 soil sampling for the
measurement of cesium concentration of soil
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Concentration of radioceasium of soils
surrounding the drainage ditch
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Filtration of muddy water using sand
Yﬂu Q suELY | BE T"\y:’”DhF"
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B LB ek D FE & /Filtration of muddy water using sand

Monitor Field Frrxl-Ea MNEx0HEH ~

Fresh water comes out when muddy water is poured in the sand.
When this operation is repeated, fresh water becomes slow to comes
out. Clay particles with radioactive cesium are also trapped in the sand
by this principle. (Right: fresh water, Left: muddy water) >/



Soil paddling method for
decontamination of rice field

Komiya, litate (May 18, 2013)
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Homework

LR—hERE

Summarize today’s lecture within 200 words
and write your impression of the lecture.

Deadline: May 29, Wednsday
To: report@iai.ga.a.u-tokyo.ac.jp
Subject: your name (2)
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