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Area

11637 km?

Population

0.93 mil.

Population density

80 person/km?

<< 6400 (Tokyo)

Tohoku region

Tokyo



Annual Temp.
12°c
Annual Precip.

1600 mm




[Natural Resource]

Akita

Wind power generation

29 |argest

in Japan

Japan Sea




[Natural Resource]
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[Natural Resource]
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[Natural Resource]

Akita

Mt. Chokai




* Rice is the main agricultural production in Akita
88% of cropland area http://www.machimura.maff.go.jp/machi/contents/05/index.html|




[Cultural Service]

Akita

HEXTF

Namahage

Akita original “god”, not “ogre”

B TIE%EL, kT !

In 2018, Namahage is recognized by UNESCO
as Intangible Cultural Heritage List
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Akita




Greiner et al., 2017



[Soil functions and cultural Service]

Good soil, water, air
Good management

¥

Good harvest
Good health, culture

Kanto Festival
FriFErDoY
the event to pray for a good harvest




Ecosystem services are determined by spatially different soil

functions in region.

site-specific soil

N

Provisioning Regulating & Cultura

services

site-specific ecosystem services

maintenance service
services

Liburne et al., 2020



The phosphorus (P) cycle is deemed to be over the safe limit

Genetic Climate change
. diversit
Biosphere Y
integrity . Novel entities
Functional
diversity

Land-system Stratospheric

change ozone depletion
Freshwater - Atmospheric
use aerosol loading
Phosphorus

. Ocean acidification
Nitrogen

Biogeochemical flows ™ Beyond zone of uncertainty (high risk%
In zone of uncertainty (increasing risk

Modified Steffen et al., 2015 B Below boundary (safe)



[landscape function & soil property & soil function & ecosystem service]

Biogeochemical P cycles

P is incorporated into the rock cycle

Human
*Chemical fertilizer
*Sewage

1 River
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Biogeochemistry, p. 586



[soil property & soil function & ecosystem service]

P cycle in Soils

The most important binding partners for P
in non-calcareous natural systems are iron

(Fe) and aluminum (A|).

&

Eﬁ

Plant residues

Dominant forms of

inorganic P in high pH and A

calcareous soils

Dominant forms of
inorganic P in low pH,
highly weathered soils

—

Very slowly. Readily
soluble €=t soluble

Ca-P Ca-P

P retained by clay & by
Fe & Al oxides

P occluded in Fe and

Al minerals extremely
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[soil property and soil function]
Soil P is tightly retained by Al and Fe oxides [key soil process]

Al and Fe_ represent Al and Fe in
low crystalline minerals
(allophane, imogolite, and
ferrihydrite) and humus, which
can react with P.

[key soil property] i <ol

Acid oxalate extractable

Al (Al )
Fe (FeZ) Shoji et al. (1985), Ito et al. (1991), Wada (1986)



[soil property and soil function]
P can be released from Fe-P in anoxic condition [key soil process]

Al-P don’t release P even in anoxic condition.
Because Al don’t affect redox reaction.



Lake Hachiro watershed

Total Area: 904 km?

Lake area: 47 km?

— Water depth 3 m

— Residence time : 30-40 days
Topography

— elevation -5-1030 m
River

— About 20

Human

— 80,000 (90 person/km?)



[landscape management] Land Reclamation

'T;‘;' j-, Largest polder in Japan

For rice production

Hachirogata was once the second-largest lake in Japan, with a total area of 22,024 ha.
However, a severe food shortage after World War 11, the lake underwent extensive
reclamation in 1966. About 80% of lagoon area changed to land after the big project.



Why is P concentration so high in Lake Hachiro?

1000
(Lake Hachiro, n=45)
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Horne and Goldman (1994) Limnology






[soil property & soil function & ecosystem service]

High yield of paddy rice with no P fertilizer in the soil.
Why? Soil function?

Rice yield

(g/m?)
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Why is P so high in the Lake Hachiro watershed “?

Geo-history? =2 Natural resource? Soil function?

400 Ma (Koike, 2005)

Coastal Akita was submerged beneath the sea during the Neogene period
(Shiraishi and Matoba, 1992).



Why P is so high in the Lake Hachiro watershed 7

Geo-history? =2 Natural resource? Soil functions?

R NS E

Marine lgneous rock

sedimentary (IR)

Rock (MSR) /

*

400 Ma (Koike, 2005)

Coastal Akita was submerged beneath the sea during the Neogene period
(Shiraishi and Matoba, 1992).



|lLandscape tunction|
River connects land to sea and
transports soil to down stream.




[Natural resource]
Stream P concentration differ between surface geology?

MSR vs (IR

0 50 km

Akita Prefecture IVI S R I R

Seaof Japan

Catchment
= All forest catchments
*Marine sedimentary rock (MSR), n=65

"lgneous rock (IR), n=54

Geography and Topography
= Catchment size (p =0.572)

MSRs: 181 ha = Marine sedimentary rock (MSR)
IRs: 190 ha o Sample-sie n MR

- Elevation (p < 0.01) ° E:Igpll-lea_\zir:‘iarénvllr\;tershed
MSRs: 176 m
IRs: 372 m

Climate
- Annual temp.: ca.11.7°C
" Precipitation: ca. 1700 mm



MSR vs IR

Sediment Fe_, Al
*Sediment P (Fe-P, Al-P)




[Natural P resource]

P conc. in stream water is higherin V2R (IR
MSR Hayakawa et al. (2021)
P <0.0001 0 50k

High P Low P

Old coastline

P in stream water
(ng/L)

Stream P concentration in natural forested catchments in coastal Akita.



Water type in higher P conc. is “NaCl type”

Hayakawa et al. (2021)

P conc. (ug/L) I : CaCl,,CaS0, type
<5 I :Ca(HCOs3), type
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O 6-10 IV: NaCl type]
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[Site specific soil property] .
e oPEHIEST " MSR has higher Fe,.
P retention process can be different
between surface geology.

Fe, and Al contents in streambed sediments

MSR IR

High P Low P

Na type Ca type

Fe Al

Streambed sediment



[Site specific soil property]

Fe-P is a main P fraction in MSR sediments

Likely controlled by Fe, MSR IR
High P Low P
. Na t Cat
200- ahﬂ a type a type
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. : :
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Streambed sediment



[landscape function]

During storm in MSR catchment,

TP conc.

P content

river transports soil with Fe-P to the down stream.
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[landscape function]

The transported soil deposits in the alluvial plain and lake.

MSR

Fe

¢
Fe-P

o)



[Soil management]

« Seasonal rice cultivation pattern in cool-temperate

=14

region Single cropping for one year.” 1£
Spring (Apr.) Summer (Jul.)
Winter (Jan.) Autumn (Sep.)

-

(photo: Takakai)



[Soil management]
Submerging & Paddling (May)./ &K &HRME
Wet tillage in paddy

[Object]
For flattening soil, planting, fertilizer mixing, water retention, weeding...



[soil management & soil function & ecosystem service]

Surface water limits O, supplbto soil, causing P release from Fe-P.
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Negative effect:
Suspended soil water

[key soil property] (Fujii et al., 2021)
soil texture: heavy clay (>50%)
clay type: Smectite

[soil function]
Higher nutrient exchange capacity

Higher dispersivity

Drain before planting



[soil property & soil function] Clay

Clay Dispersivity of soil
‘ [Key properties]

Clay type: Smectite

Water type: NaCl

\ 4

Higher dispersion

Na* > K* > Mg2* > Ca?* > Al3+
CaCl, water



[Soil property & Soil management & Landscape function]
Drain water transports soil from paddy field to the lake

Loss of precious soil
Ho71=L V0
“MOTTAINAI"

— Decrease P use efficiency




[Soil property & Soil management & Landscape function]

Suspended soil is accompanied with P

TP (mg/L)

Suspended solid (mg/L)

(Kaneta, 2006)



[Landscape function & soil function]
Soil deposits on the bottom of the lake and can release P




[Soil property & Soil management & Landscape function]

P conc. in the lake water increase during summer as
dissolved O, (DO) decrease.

(O Surface water
@® Lower water
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(Hayakawa et al., 2016)



[Soil function]

PO,-P (mg/L)
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P is released at 25°C in anoxic condition

especially from sediment with higher Fe-P content.
(Hayakawa et al., 2015)
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[Brief summary]  Site-specific soil properties & functions and their
controls of biogeochemical P cycles in coastal Akita

[Soil management] [Landscape function]

[Soil property]
“Fe,

"Fe-P
-texture

“clay type

[Soil function]
P retention & release
“dispersion

release

Sediment
[Geological condition]
" natural resource
-water type



[Soil management]

How can we manage soil and P?

(Vogel et al., 2018)



[Soil management]

Reducing P fertilizer input based on the soil function.
- Increase P use efficiency
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Hachiro Conventional

Reduced fertilizer brings not only economical benefits to farmer but a
reduction of environmental pressure. (Ogata village, 2006)



[Soil management]

No-paddling can decrease soil dispersion and P export.

Conventional paddling

SS export from drain

No-paddling

TP export from drain

(Kaneta et al., 2007)



[Soil management]
No-paddling management needs new equipments (high cost).

It has little effect on rice yield
(same as conventional).
But, there are few benefits for farmers.

4.2% of paddy area (Akita Prefecture, 2021)



[Future management]

No-drain planting by smart agriculture

RTK-GNSS

P export reduced by 50% per year
(Kondo et al., 2019)

This system can be an automatically planting by without drain.



[Soil management]
Effect and difficulty of technique for suppressing suspended solids

Manual for farmers

Large Difficult

No-till planting

>
+ >
qa)_) g /\lo-puddling plantinx
w | £
O / Shallow flood paddling
/ Prevention of resuspension
Small Easy

No drain immediately after puddling
(flooded depth < 6 cm)

Spread range (Kaneta et al., 2016)



core=ei Toward for sustainable bioeconomy

Geo-information

\

Basic soil properties

|

Soil function assessment

|

Soil function map Q Soil management

| \

Sustainable bioeconomy

“Spatial assessment of site-specific soil function is required for sustainable bioeconomy.
“Basic research on the natural resource of soil functions and its management that
enable the sustainable agriculture in landscapes will more need towards for the
bioeconomy.



