Origin of Asian & Latin Amerian Green Revolution

High Yielding
Varieties for
Green Revolution
inAsiaand
Latin America
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- Sorghum|  (Matsuoka 04)
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No green revolution in Sub Sahara Africa
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Sawah based rice production: Ecotechnology-forFeod;Environtment,

Landscape, and Culture(Multi-functionality)
(World Heritaoe. Ifucao peobl e PhilipbineKotidansha Co=td=1908)
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Sawahs of Madagascar have thousands years of history with the - Sawah of Bangkok Plain, March 08
migration of “old” |ndonesian, = ! : . .

Sawah systems are the base of SR, and-“Aerobic rice’ Even very flat flood plain, good & closed bunding, leveling and

- puddling are the essence of sawah for control water

Wsyﬂems at Asuka, Nara, one of the oldest in
Japan established 1500 years ago
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New Sawah project
Sokwae Inland valley
site of CRI, Aug.08

Asian Sawah systems had developed
by farmers using hundreds & thousands years.
Sub Sahara Africamust_accelerate the
development within 100 yearsor less
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Historical change: past, present, and future

Sawah hypothesis(l) for Africa Green Revolution:
hypothetical contribution of three green revolution technologies & sawah system development
during 1960-2050. Bold linesduring 1960-2005are mean riceyield by FAOSTAT 2006. Bold
linesduring 2005-2050are the estimation by the authors.

XPer1ences and examination of Saw ¥Ipo_ C=H
through long term massive action researchesin Ghana and
Nigeria

Sahars Desert

Agrico
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Core benchmark sites with various sized watersheds in Ghana & Nigeria.
The action research sites were expanded in 2008 and 2009.

Sokwae Sawah devel Oé)ment by CRI
sawah team, June 200t

Sokwae Sawah devel opment by
farmers July 2008

SAWAH FIELDS




Ghana-Sokwae,K umasi, CRI sawah Staffs and farmers, Aug. 2008
Riceyield was more than 4t/ha, thus green revolution was realized.
2hain 2008, which was expanded to 6 ha by January 2010

Mr. Tawiah and his rice grown on sawah about 4ha devel oped
by himself, with CRI/SRI, and JJRCAS scientists, August
2009

Upland

WL* UM harveszble lowland
& ocnl

Water table - and bt
andground ﬁrri%able i .
(] t}Lchel irri

[C)}
Irrigation options; Sawah to sawahloontwr bund water harvesting, $r|r{8’\ﬂ ad:'we- pump,
peripheral canal, interceptor canal
Lcwland de development priority
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Fig. : Very Diver se Natur e of African Lowlands Need on L ar ge Scale Action Resear chand On The Job
training on Site Specific Sawah Development and Sawah Based Rice Far ming

Sawah based eco-technology canimprove rice ecol eciall
Eg'm,%ﬁ,?g‘d ﬁ:f‘f,;,",‘,‘{:ﬁ;’",{g,g{,%% for water control. Greenre\g/yolutlon hnologyaffoghg.
irrigationand HYV are useful .
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7. SAWaN NypOTTeS'S (1) Far ey S Sawal SouTt ComeS TN T ST TOTEallZE 07 aen T evoTuTion.
Successful | ntegrated Genetic and Natural Resour ce M anagement needs classified demar cated land

ah developed by ing

fish pmd To(al paddy producuon was more than 20ton annualy which gave

gross revenue about $10,000. Power tiller loan is$1500per year for four years
~

SAWAH FIELDS

Table. Estimated Revenue of farmer groups under the “ Sawah” System (By
BURI SRI, based on 2007 before 2008 food crisis)

Paddy Grain ~ GrossRevenue  Production Net Revenue

yield (kg/ha) (USs/ha) Cost** (USHha)
Farmer-group (Us¥ha)
Adugyama* 4334 1712 428 1284
Biemso —A* 4675 1847 350 1497

Bio-technology and  Eco-technology \
Ricevariety and Rice with Sawah Systems

Water i
(irrigation)

isaman eI J’ roved ri ajgfrcvmng environment W|th
dwarcaled bunded eveled, puddledTields and smoothed surface

*5hasawah give about $7000revenuein 2007 price. After 2008food crisistherevenue
will be morethan 30% up, $10,000.
**Theproduction cost doesnot include sawah development, which will be 2000-4000$/ha
includingmachineand running cost.
Onepowertiller can develop 1-3 ha per season and 10ha per 5 yearsof durability. One
power tiller can cultivate 10 ha sawah per season & 5yearsof life. Themachinecost is

Vi a\ Id Gd%?q
arieties coul Good Puddling
solve the main Tillering < B%t&&lw_vt Good
problems in Asia. & Grain ul G,IS y Sawah
Isthis also
truein SSA? |
No!, last 40years Good weed Good rooting, nulrlmt Wala-
experiences supply & Water saving contrdl

$3000-7000 (Asian priceis about $3000)

Fig. Rice (variety) and environment (Sawah) improvement. Both Bio & Eco-
technologies must be developed in appropriate balance

1) Ste Selection ard Sewah system design ]
(al Water -unun--nmmmmw-u. > Benoetha) At first local farmers
Straam/River, Spring. Seepage, Flocd, Rainfed
(6 Topography and sod for site selection never know sawah
Potantisl arsa technologies,
;p- and surface roughnes: ) thw knO\N )
5] Snﬂr.v-lcnnnrruc far site setection site specific hydrological
i furmars conditions which are
{d) Sawsh system desipn the most important
S e ol s for site section
intake, distribution and control
Sgeing snd sawah 1a sawah & Sversion canal
sawah to sawash & drersion canal
Simple dyked dversion _ _
?:lmm - On the job collaboration
Fish wond or " between farmers and
m::; Scientists, engineers,
our e :
control by drainage./dam aswell as extension
&i‘nmwwmmm-m-t office is essentially
crvemantit hal )
Contour bund system important

(2) Developrment skills and cost (§./ha)

{a) Skils for development Action research and on

Skill for power tiller operations thejob training
Plowing and Puddling of site specific sawah
Soil Moving development and
Surface leveling & smoothing management

Skill for power tiller management
(b) Cost ($/ha) or (Cedi/ha)
Power tiller for development

(1) Cotsof Power tiller
for Sawah development:

Powertiller spare parts at least 10ha per one
Fuel for duvuluwﬂmt power tiller ($5000/10ha)
Bush cleari i

Bunding and surface tnli.man‘t (2) Cost of scientists,
Canal construction engineers, extension
Me.cmwlucnan officers,
Additional hired labours and leading farmers

Tools and materials

Scientist and engineers cost
Extension officer cost (3) Target cost
Farmers' training 2000-4000/ha




(4) Agronomic Sawah system management
Rice mono cropping
Rice and other 2nd season cropping
Rice double cropping
Overall Water Control
Water sources
Water distribution
Leveling & smoothing
Bunding
Puddiing
Weed control
water consumption (ton/season)
water requirment(mm/day)
Water quality
Soil fertility
Fertilzation(N-P205-K20kg/ha)
Variety
Yield (ton/ha)

(1) Immediate target
Paddy yield >4t/ha

(2) 3t/haisnot enough
to sustain sawah
development

(3) >5t/ha will accelerate
Sawah
development

(4) Basic research on
sustainable paddy yield
>8t/ha

isimportant

(3) Farmers Group Quality
Leader and group collaboration
No. of farmers
Ethnic composition
Skills and incentives
Gender composition

(6) Training
Trainer
Trainee
International scientists
National scientists
Extention officers
Leading farmers & farmers

Totrain
(1) Sawah farmers
who can develop
Sawah and manage
Sawah based rice
farming by themselves,

(2)Leading sawah
farmer and farmers’
group who can train
another new sawah

Farmer and
farmers’ groups

abamall

Nupe's
Traditional
rudimentary |

ed al g on Sawal
officers & leading far mers are the most
o

Sawah village, Bida,

Onthe job training at Shabamaliki village, Bida,
Nigeria, Sep 00

Sawah using S

On the Job training TVITage, Nigeria, 0
Paradoxwallﬁ, leading farmer's can master the skill within one to two seasons, h water source.
ut extension officers needs more than three seasons : - .

N




New Sawah with paddy yield 4.5t/ha, Etsuzegi, Bida, 31Jan.09 |

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

Akure Sawah site, 2ha, Farmer, ‘
extension and sawah staffs, Sep. 08

@- ction Research Sites by 2009, ®)-(3
collaboration with NCAM/NCRI_and

Dlsrlit?]mslgz?aégly;inﬂﬁgedmg%}g Iggggﬁ%gssaNah Road Map to Realize Africa Rice Green Revolution through Site

Potential Sawah area estimate by Wakatsuki 2002) Specific Sawah Technology by Million Farmers' Self-Support Efforts

+ 1986-2003 : (10 sites, 10ha of sawah) : Achieved

Area Area and potential sSawah 3ﬁisci;?;zrﬁ1uu"§tzshp;‘c:icsawah development by farmers self support efforts at Bida,
(million ha) development(%) . 20%12008 (50 Si'I[S 100ha of sawah): Achieved
Basic Action research on Site Specific Sawah development by farmers at Bida, Zaria, Akure,
and Ilorin, Nigeriaand Kumasi and his surroundings, Ghana
2009-2013: (250 sites, 1000ha of sawah): Immediate Target for Action
Research for Dissemination of Sawah Technology
by Kinki Univ/NCAM/Fadamalll, JIRCAS, SMART-IV and JICA-CARD;
R Largescale Action research on Site Specific Sawah development by farmers at Nigeria, Ghana,
Inland basins 108 1-5 milion ha (1-5%) Togo, Benin & others
2014-2025: (5000 sites or more, 25,000ha of Sawah):

. - Africawidedissemination of Site Specific Sawah development by farmers self-support efforts
= -509

|pqd plains 30 B-IS milion ha(25-50%) 2025 and after: African wide spontaneous sawah expansion and the

Q 2 2 Realiza;lon of African Rice Green Revolution: Realization of Africa's Rice
Potenti

Classification

Coastal swamps 17 4

)
©

millon ha (25-50%)




Comparison between Biotechnology and Sawah based
Ecotechnology, which must be integrated

(1) Water shortage: Bio-technology:Genes for deep rooting. C4-nature, and Osmotic
regulation. Eco-technology of Sawah based soil and water management, bunding,
leveling, puddling, surface smoothing with various irrigations, Aerobic rice,
System rice intensification

(2) Poor nutrition, acidity and alkalinity:Gene of Phosphate and micronutrient
transporter. Eco-technology of Sawah based N fixation, increase P availability
and micro- as well as macronutrient. Geological fertilization and watershed
agroforestry(SATOYAMA systems), organic matter and fertilization. Bird
feculent arerichin P.

(3) Weed control:Gene of weed competition, rapid growth.

Eco-technol of Sawah based weed management through water control, and
tans-planting. Pevam uality and surface smoothing of sawah are important.
Duck and rice farming.

(4) Pest and disease control: Resistance genes. Eco-technology of Sawah based silica
and other nutrients supply to enhance immune mechanisms of rice. Mixed
cropping.

(5) Food quality: Vitamine rice gene. Eco-technology: Sawah based nutrition control.
Fish, duck and rice in sawah systems

Table Mean gain yield of 23 rice cultivars in low land ecologies at low (LIL) and high
input levels (HIL), Ashanti, Ghana (Ofori & Wakatsuki, 2005)

— ECOTECHNOL OGICAL YIELD IMPROVEMENT

Entry No. Cultivar Irr 1 Rainfed sawah Upland like fields

HIL LIL HIL LiL HIL LiL
(tha) (thha) (thha)

BIOTECHNOLOGICAL IMPROVEMENT
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Table 8: Sawah hypothesis(ll): Sustainable Productivity of lowland
Sawah is more than 10 times than Upland Field

1ha sawah is equivalent to 10-15ha of upland |

Naal
i, . e

Once Saah /sems are developed by atmers
self-support efforts and water Is conitrolled,
rity of HY'V can produce higher than 5

Because of cost of green revolution technol ield must be higher than 4t/ha

Upland Lowland(Sawah)
<D [
Area (%) 95%— 59—
Productivity (t/ha) 1-31 * 3-6 2**

* Assuming 2 years cultivation and 8 years fallow in

| | n, while no fallow in sawah
*ﬁé%%ga%%l\@ il zatfilt\)égthcgl S5ha 1ha

M acro-scale water:
echnological ms\:hanlsms to
support Sawah hypothesis 11

{Geological Fertlization of

eroded top-soils and

Jaccumul ation of nutrient rich
ater in lowlend Sawah

00 Garbon Sequestration “w.ﬁﬂ.nﬂ — * Sawah hypothesis | & I
St e o oS, ", Lowland: 100~500ha

ainable green revolution by [eclogkal Fartllzation
ah and SATOYAMA systems andGarbon Sawzh and Satoy g,'“:alsﬁe"‘ Development
or combating Global warming: (1) | S49uatratkn (\;jv ler Global Warming,
icient use of water oycling and o I a‘awmﬂﬁ’ﬂmm -
‘sedimentalon

o, oot g i s oy (o
Nisog fxaion d carbon sation

JEcological ssfe carbon sequestration by

ICOM, Bio-char and hurus accumlaion

n saeh Soil layers, which will

eventualy rnster tosea foor, n 3) amnk
nrezse il producity by biocha nd "

saccuni

Micro-scale eco-technological
mechanisms to support_Sawah
hypothesis [1: Enhancement of the
ATy O B K. S, o Mg, oo
meonutrenisad gty caton
acoumlatio

Fig. Sawah hypthesis (I1) and creation of African SATOYAMA

\water shed Systems to combat food crisis and global warming

Comparison of large scale, small scale, traditional and site specific sawah
ecotechnology approach in inind valleys of Ghana & Nigeria

is Multi-Functional Wetland:
RIOE, Algae, and MIQ’ObS’ Complex
Ecosystems

Large Scale Small Scale Sawah eco-technology |

= B wifl approach Tradtoral System
Development costper | 20,000-30,000 | 20.000-30,000 2,000-4,000 20-30
hactare USS/ ha Uss/na US$/ha USS/ha
[Econornic returms ofrice | 1,000-2000+ | 1,000-2,000+ 1,000.2,000+ 100-300
and vogetatie et USS ! ha USs/ha USS/ ha USS/ ha

[Running costincuding: | Madium io High | |Madium to Hgh
machinary

(300.6008ha) | (300-6005ma) | Medkm [200-3008ma) Lovwr (10-208a)

No proper English/French &local languagein Sub Sahara
Africato describe eco-technological concept and term to
improvefarmersricefields
Sawah (in Indonesian) or SUIDEN (in Japanese)

Farmers parscipaton Low Medum 1 High Hgh High

Farmer Famer

Medium 1o short needs
(Adopsion of Temology | Long, DiMady | S1ort relatvely | imlensive demonstrasion Low technology

Suiden (Japanese) =SAWAH (Malay-Indonesian)
English Indonesian Chinese (GE=¢)
Plant Rice Nasi *, 8K, 7

Biotechnology

Padi i ]

easy and On he Job Traming | transder
(OJT) programme

Low Liow 85 Midurm Hgh Medum
[Envronmantal sftect High Macium Medum

Heavy machine use m%t] alms

tr
Confractor based Farger W‘em
ronu

L]
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West Africa map showing selected sampling sites of lowland soils.
(Buri and Issaka et al

Mean values of fertility properties of inland valleys (IVS) and flood plains
(FLP) of West Africa in comparison with lowland top-soils of tropical Asia
and Japan

Exchangeable Cation (cmol/kg)

Location Total Total Available Sand  Clay CEC
! coO  NOH P Epm %) (6 [Clay

ca K Mg  eCEC
Vs 13 011 9 19 03 09 42 60 17 25
FLP 11 010 7 56 05 27 103 48 29 36

*Kawaguchiand Kyuma (529 sites), 1977,** Bray II.
Source: Hirose and Wakatsuki (268 sites), 1997.
T. Asia® 14 013 18 104 04 55 178 34 38 47

Can watersheds of in SSA sustain Sawah system? High rate of soil erosion and
lowland sawah soil formation can be compensated by high rate of soil
furmation:Ecoloqlc%lfBalance is aKey

N

Deserts/ice and
snowy ficlds.

Veness e Tiler ice Farming
2009 estimation at Nigeria
1. Power Tiller cost:$3000in Bangkok
$3000-8000 in Nigeria/Ghana :Tentatively $5000 per set
2. Power Tiller lifetime:3-7years: Tentatively 5 year
5-15ha sawah development/one power tiller:10 ha per one set
h . o

power
3Paddyyieldinswah:  4-6tonvha: Stonha
Pecidy yield n raditiona:1-2ton/ha: L Ston/ha
Power Tiller cost:
Sauzh development:$500-700/ha:3600/a
Sawah rice cultivation:$100-200/ha:$150/ha
(For thefirst Syrs of sawah development:$750)
4.Gross revenue and gross Cost :
Sawah based farming : Revenue: $3000/ha, 1ton paddy=$500
Production cost:$800/ha=$600+5200
Net income for the first Syrs of sawah development stage:$2200
Traditional farming  : Revenue: $750/ha, no power tiller cost
5. Ot deveopment cos fo and learing, bunding, cana, dyke, s movement a1 ful oo hiave (0 bo sparaely
budgeted to the cost of sawah cefarming, such as nursery, seed, bund and canal repair, dyke repar,
pumping machine oo, flood cortrl mermva Pl puding i eveling, s plaing, s,
erilizer, pesticidesherbicides, bard scaring,
6. Rough alma\un of new sawah development,
(1) $6000/hai . powertiller, cost: eg., NCAM to Fadamalll
pvo,ea 1h 201010 2011
stage

by well officers
(3) $1500/haby the technology trander from leading farmers to new farmersMr. Tewaih, Suleiman in Ghana, Mr.
Yakubu and Suleiman a Bida

—o— Continuous P/-RSC —e— Continuous P/+RSC
—a— Long Conversion/-RSC —&— Long Conversion/4+RSC
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Fig. 5 Changes in total C and N contents of the soil in long-term
upland conversion system. P, paddy; RSC, rice straw compost.

Eigl.26 Yearl i i the world (Walling 1988, "Soil Erosion Research Method" )
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Figure 1. Cumulative CHy ﬂux (a) and cumulative CH, and N;O fluxes in terms of CO; equivalent
global warming potential (b) during rice cropping period (January 29, 2007 (mnspllnung) May 8, 2007
(harvest around this date); the conventional cropping period in try scason in th region). Bars indicate S.

E. (only for a) (n = 3). AWD20: rrigat water - water saturation)
AWDT water potential




