Multi-Functionality of Sawah Eco-technalogy
Why sawah based rice farmingiscritical
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Because of balanced nutrition of rice,
150kg of milled rice can support both
calory and nutrition for one person
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African crops arediver se, even production potential of riceishigher
than demand, riceisimporting. Wheat has not enough potential in
majority of SSA countries. Riceisalsothe hl?heﬂ quality cereals

intérms of egg protein equivalent among the other 6 crops
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Dr.G. INAZUKA bred Norin 10 of wheat in 1035. The Norin 10
was collected by US occupied force in 1951. Dr. N. Borlaug bred,
released 14 HYVsusing Norin 10in 1957. The start of CG center
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Variouscereals yields (FAOSTAT 2006)
No green revolution in Sub SaharaAfrica
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Left: traditional old variety ~ Right: Semi-dwarf high
yielding variety (Sd1)




Varietiesfor
Green Revolution
in Asiaand
Latin America
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Norin 10 wasthe
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After the dramatic success by
CYMMET and IRRI in 1970sin
Latin Americaand Asia,
various HY Vs were available
in Sub Sahara Africaduring
last 40 years, 1970-2008.

However, the green revolution is
yet realized in Sub Sahara Africa.

Sawah systems developed & managed
by Chinese Farmers (Otsuka 2004

Why ?

B R R e

gricufture, t In surroundings

. 11 TAlakeand i e
similar river cource e NG v
(,,// in surroundings

under short, - | fiel
It_Jw_Isystemsusln smes: h: valle
on similar raphy. Random = =
layout, ngpo%%sageryatim of —————— "1 Soil & water conservation
opogr aphy, no measur and improvement.
and water conservat - -

ETE R

Google Earth 2007

Forest Destruction by Shifting Upland Paddy Cultivation in
Guinea Highland: Upland rice can not be sustainable without
sawah or soil conservation measures (Guinea highland, 2002)

Sawah of Bangkok Plain, March 08.
Even very flat flood plain, good & closed bunding, leveling
and puddling arethe essence of sawah for control water




Sokwae Sawah devel opment
by CRI sawah team, June 2008

Biemso No.1, Mr. Suleiman’ssitein 2002, Puddled soil leveling
using powertiller & wooden plank. (%5-10cm leveling is possible)

Soil and Wooden Welir, because of farmers self- support
management (Blem 0 NO.1, JICA/CRI sawah project 2000)

Canal construction by farmers’ group work, (although the
group work isnot so easy smooth




Sawah is ecotechnology based M ulti-Functional constructed Wetland:
Production, Environment, and Cultural landscape (JI CA sawah project, 2001)
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Inland valley, Ashanti, Ghana, 2001

ASian Sawah systems was developed by
farmers before green revolution
51 technologiesduring last hundreds &
thousandsof years. Sub SaharaAfrica
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Fig.2. Sawah hypothesis(1) for Africa Green Revolution:
Hypothetical contribution of three green revolution technologies& sawah system
development during 1960-2050. Bold lines during 1960-2005 are mean rice yield by
FAOSTAT (2006). Bold lines during 2005-2050 are the estimation by the authors.

Once Sawah system was developed, yield can reach at least 4t/ha. If improved rice
agronomy can practice, such asintermittent irrigation, or otherslike System Rice
Intensification (SRI), yield can reach to 10t/ha (CRI sawah team, 2008)

armer y Fields Diversean W 1elds: Lands are demarcated by
mixed up environmental conditions: bund based on topogr aphy, hydrology and
mixed farming systems, crops, varieties, soils, which makes diver se sawahs but
omogeneous condition of each sawah.
1. Water is controlled. Soil is conserved.
Thereforefield conditions areimprove
through the accumulation of every year,

and weeds. No clear field demar cations.
1.Theimprovement of field conditions are
difficult. Water cannot be controlled,

therefore no soil conservation possible. 2. Land can be surveyed and regi&ra¥ion
become possible, then private owner ship
is promote, which makes incentives to
improveland. . .

3. Pure seed production and qualified ﬁaddy
production become possible for market.

2. Land right of the field has overlapping
with diver se people and communities.
No incentive to improve land.

3. Pure seed production and the post-
harvest technology can not apply.
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Operational condition of the fields

Fertilizer, Irrigation, and high-
for Scientific technologies are

yielding varieties(HYV) are not
effective, therefore, . satisfied, therefore,
Green Revolution is impossible. Green Revolution will be realized.

Fig 3. Sawah hypothesis (1); Farmers’ Sawah should come first to realize
Green Revolution. Farmers fields have to be classified and demarcated

ecotechnologically. Then scientific technology can be applied.

No proper English/French &local language in
West Africato describe eco-technol ogical
concept and term to improve farmers'rice fields,
Sawah or SUIDEN (in Japanese)

Suiden(Japanese) =SAWAH (Malay-Indonesian)
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Passible layout of SAWAH on typical inland valley bottom slope
in West Africa :

river

Figure 2. Sawah: A leveled, bunded, and puddled ricefield with inlets and outlet to
control water
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Figure 1. Sawah system with irrigation and drainage facilitiesfor
control of water in an inland valley water shed
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Irrigation options. Sawah to sawah/contour bund water harvesting,
spring, dyke, river, pump, peripheral canal, interceptor canal, tan

Lowland sawah development priority
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Distribution of World Precipitation

Can watersheds of SSA sustain Sawah system? High rate of soil
erosion and lowland sawah soil formation can be compensated by high
rate of soil formation in Asia. However soil formation, soil erosion and
hence lowland soil formation are very low (only 10-20%)
in comparison with Asian watersheds
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Table 1 Distribution of lowlands and potential irrigated sawah
in SSA (Hekstra, Andriesse, Windmeijer 1983 & 1993,
Potential Sawah area estimate by Wakatsuki 2002)

Area .
Classification (million Area for potential Sawah
development
ha)
Coastal swamps 17| 4-9 |millon ha (25-50%)
Inland basins 108| 1-5 [ milion ha (1-5%)
Flood plains 30 |,8-15| million ha(25-50%)
Inland valleys 85 ]9-20| million ha(10-25%)
Although priority target is the inland \jallev because of easier

water control, some flood plains can be high priority,such as
Sokoto & Kebbi where personal pump irrigated sawah is efficient

Total maximum sawah area : 20million ha (Estimated sawah area came from the
relativeamount of water cyclein M onsoon Asia, which has 130 million ha sawah)

Multi Functionality of Sawah Systems

1. Intensive, diver se and sustainable natur e of productivity

(1) Weed control

(2) Nitrogen fixation ecosystems: 20 to 200kgN/ha/year

(3) Toincrease Phosphate availability: concerted effect on N fixation

(4) pH neutralizng ecosystems: to increase micro nutrient availability

(5) Geological & irrigation fertilization: water, nutrients and topsoil from upland

(6) Various sawah based farming systems.

(7) Fish and rice, Goose and sawah, Birds and sawah, Forest and Sawah

11. To combat Global warming and other environmental problems

(1) Carbon sequestration through control of oxygen supply. M ethaneemission
under submerged condition. Nitrous oxide emission under aerobicrice

(2) Watershed agroforestry, SATOYAMA, to generate forest at upland

(3) Sawah systems asto control flooding & soil erosion and to generate electricity

(4) Denitrification of nitrate polluted water

111. To create cultural landscape and social collabor ation

(1) Terraced sawah as beautiful cultural landscape
(2) Fare water distribution systemsfor collaboration and fare society




Comparison between‘Biotechn(.)logy and Sgwah Table Mean gain yield of 23 rice cultivars in low land ecologies at low
Ecotechnology Options for Rice Production (z'b'(';%)a“d high input levels (H't)c' ;\T'SE*‘CTN%L%';?Q;(Y?:EE & ":’xi‘f/a;;zhfoo@
(1) Water shorta]qe:Genesfor deep rooting. C4-nature, and Entry No. Cultivar " IFrigated Sawah | Rainfed sawah | Upland TReTiads
Osmoatic regulation. Eco-technology of Sawah based soil and water o HIL LiL HIL L HIL L
management, bunding, leveling, puddling, and surface smoothing D = (tha) 5 5 (Uha) s : (Uha) o
with variousirrigations, Aerobic rice, System riceintensification 5| 2 EMOK 49 3 9 3 4 gs
(2) Poor nutrition, acidity and alkalinity:Gene of Phosphate and | " RS % 4 PSBRCH gig ::7; :g % Z 3:5
micronutrient transporter. Eco-technology of Sawah based N . e g | © BOAKI® 70 8 7 0 4 0:
fixation, increase P availability and micro- as well as macronutrient. < 3 upe's indigenous partial 2| & Youm L S A T 3 30
Geological fertilization and watershed agroforestry(SATOYAMA water cotrol system |5 S| 9 IR 79 a9 -2 9 o 8
systems), organic matter and fertilization. Bird feculent arerichin P. r 2| 1 ks %:; ﬁiri ﬁg :S :8 8:1
(3) Weed control: Gene of weed competition, rapid growth. Eco- ! 8| B crenr 83 49 49 7 3 8
technology of Sawah based weed management through water control.| g Is cromzrp 83 40 43 E 2 g
and tans-planting. Leveling quality and surface smoothing of sawah z | i WiTa3 I 35 a1 0 3 g
are important. Duck and rice farming. S| 10 witag 80 5 20 '3 2 0.
(4) Pest and disease control: Various Resistance genes. Eco- 5| 3 WiHAS 78 x| a8 3 BT
technology of Sawah based silicaand other nutrients supply to @ | £ W 8 49 -8 X 8 82
enhance immune mechanismsof rice. Mixed cropping. Mean (n=23) 72 38 38 70 17 04
(5) Food quality: Vitamine rice gene. Sawah based nutrition control. Onoe Sauiah S/5iems ot eveloped by Taimers Rgge (4,;};31.2) (2.3;1.4) (2.3;1.5) (1.0&4%8) (0.09;‘2‘.‘3) (0.03»102.6)
Fish, duck and rice in sawah systems i Sl OrS and witer 1S conproned, v - e :
majority of HYV can produce higher than 5 t/hg Because of cost of green revolution technology, yield must be higher than 4t/ha
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Bio-technology and Eco-technology  2hadeveloped by Eimsglfé&/)iéﬁ CRIISRI, and Sawah and traditional non sawah rice,

Breedingtoimprove Sawah to improve mj%f SCAICR! Saveh project in 1967-1605 Pampaida, UN millennium village, Zaria
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Fig. Rice (variety) and environment (Sawah) improvement. Both Bio
& Eco-technologies must be developed in appropriate balance
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hypothesis I1: Enhancement of
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Figure 6. One Example of Africa SATO- YAMAConC%l Map Dr. Owusu, FORIG, Ghana 19. Sawi ypthess an cr ion rloan
which is awater shed agro-forestry applicable to Cocoa belt region in West Africa. water shed systems to combat food crisisand global war ming

Azotobacter: Chemoautotrophic Sawah hypothesis(ll): Sustainable N oenttry
Nitrogen fixing bacteriain Sawah Productivity of lowland Sawah is more than Sawah system

10 times than Upland Field
|1ha sawabh is equivalent to 10-15ha of upland |

Upland  Lowland(Sawah)
Area (%) 95 % 5%
Productivity (ha) 1309 36(27)
Required area for
sustainablel ha cropping*

5ha : 1 ha

* Assuming 2 years cultivation and 8 years fallow in
sustainable upland cultivation, while no fallow in sawah
**In Case of No fertilization




