
Sawah and traditional non sawah rice , 
Pampaida, UN millennium village, Zaria

Poor tillering and aggressive 
weed in non sawah field



Left :nitrogen 
fixing Azola

Submerged sawah: 
Multi functional 

ecosystems of various 
interaction between 

Rice, Algae, 
Fish, Goose, microbes, 

and others



Azotobacter：Chemoautotrophic
Nitrogen fixing bacteria in Sawah
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Neutralization
Acid sawah

soil pH

Neutralization of pH 
of Alkaline sawah soil 

Weeks after submergence 

Sawah soil neutralization through 
submergence(Ponnamperuma

1976) 
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Organic matter % in Lowland Sawah
soils in comparison with soils in
upland management condition
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Organic matter % in Sawah soils in comparison with 
soils in upland management (Mitsuchi 1970, 1974)



Soil Carbon Change: Carbon losses from all soils across England  
and Wales 1978-2003 (Nature  Vol.437/  8, September, 2005 p.245)

Top Soil Carbon
In 1978(2-30%)

Annual rate of
Organic carbon
Loss was 1% of
Topsoil organic
Carbon during

1978-2003



Sawah soil carbon change
of Java, Indonesia, during 

1970-2003, the Green 
revolution period

(Darmawan et al 2006)



Prof.  Kyuma
Revisited his 1970 

sampling site in 2003



In 2003, Dr. Darmawan
collected sawah soils from 
the same sites where Prof 
Kyuma surveyed in 1970 



インドネシアジャワ島の水田土壌の１９７０－2003の間の有機炭素 と全窒素含量
の変化 （0-20cm, 0-100cmで比較）

農家圃場の水田土壌

Both C & N increased 30% per30 
years during Green Revolution



Macro-scale watershed eco-
technological mechanisms to 
support Sawah hypothesis 
II: Geological Fertilization of 
eroded top-soils and 
accumulation of nutrient rich 
water in lowland Sawah

Micro-scale eco-technological 
mechanisms to support Sawah 
hypothesis II: Enhancement of 
the availability of N, P, K, Si, Ca, 
Mg, and micronutrients and 
quality carbon accumulation  

Sustainable green revolution 
by sawah and SATOYAMA 
systems for combating 
Global warming: (1) efficient 
use of water cycling and 
conservation of soil fertility, 
(2) Ecological safe carbon 
sequestration by CDM, Bio-
char and humus accumulation 
in sawah Soil layers, which 
will eventually transfer to sea 
floor, and (3) increase soil 
productivity by bio-char and 
humus accumulation 

Fig. Sawah hypthesis (II) and creation of  African SATOYAMA
watershed systems to combat food crisis and global warming

Forest Restoration & Agroforestry

Upland Sustainability
＝Livestock farming

Soil Formation Carbon Sequestration by 
sawah and by biochar 
&Humus rich topsoil sediment.
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Sawah and Satoyama System Development
under Global Warming （Watershed Agroforestry）

Geological 
Fertilization 
and Carbon 
Sequestration
In lowland
Sawah soil
sedimentaion

Integrated management of soil, water, rice & 
associated organisms in sawah system for
Nitrogen fixation & carbon sequestration
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One Example of Africa SATO-YAMA Concept Map by Dr. Owusu, FoRIG, Ghana,
which is a watershed agro-forestry applicable to Cocoa belt region in West Africa.

“YAMA”

“SATO”
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LISTENING

Nigeria Nupe’s
rudimentary

Sawah system



Upland/aerobic management reduce 
50-100gC or 200-400gCO2 /y/m2



100gCO2/m2
is equivalent to
0.27ton C/ha
200g of CO2

is equivalent to
0.54 g of C

AWD20: irrigation under water potential-20kP(=2-3 days after water saturation）
AWD70:intermittent irrigation under water potential at-70kP(close to upland)

Upland/aerobic management 
reduce 200-400gCO2 /y/m2



Dr.G. INAZUKA bred Norin 10 of wheat in 1935. The Norin 10 
was collected by US occupied force in 1951. Dr. N. Borlaug bred,
released 14  HYVs using Norin 10 in 1957. The start of CG center

Right:Turkey Red
Center: 

Fruit DARUMA
Left: NORIN 10

in 1935
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Left: traditional old variety       Right: Semi-dwarf high   
yielding variety (Sd1)



Wheat

Maize

Sugar cane
Millet

SorghumRice
Wheat
Maize

Rice

(Matsuoka 2004) Sd1=Semi-dwarf 1

High Yielding
Varieties for 

Green Revolution
in Asia and 

Latin America
have the same

Gene, Sd 1. The
Norin 10 was the
first variety that

expressed the
Sd 1 character. 


