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(Note on this pape)

Although major part ofthe sawahtechnology described in thimanualpaperhadpublishedfort ar get i ng @
val | ey irtoefollowiggy ¢° proceedingdy 2013, the sawahtechnology has evolvegossibleto cover

fi Ibod plain and inland basin/deltae c 0| ogy 0 a f tokfirK etbhbe ewsluticocem dNigeria during
2011 to2017as well asfi C h &asbin, the biggestvetlandsin Africad f rapoweeng returnees/refugeesby
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included in this revised papern The Fi r st | nt er nSawahEcoteahhologyandiReBamnmg o n
in SubSaharan Afric, November22i 24, 2011, KumasiGhana(2012. Some parts of this paper are published in
o the proceedings of th!, 2"9 and 3 International Conference on Rice for Food, Market, and Development (rice
Africa), Abuja, Nigeria March 35, 2011 March 57, 2013and May 68, 2014as well a9 the1®, 2" and 3¢ Africa

Rice Congresd)ar es Salaam, Tanzang, July4 August 2006,Bamako, Mali, March 226, 2010 andYaounde,
Cameroon, October 227, 2013
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1. Abstract

Amongthe 240 million hectares (ha) estwetlands in Sutsaharan Africa (SSA}he estimated potential area is
about 20%,50 million ha @0 million ha for irrigated area an86 million ha for annual rice harvested area
respectively, because dfiydrological limitations. This potential will be one of the biggest challenging frontiers for
our global society by 2050If the potentialharvested iiaof 50 million ha of sawahwith paddy yield 5 t/hare
realized,the annual paddy production will 280 million tons for one billion peoplevhich give us time before to
stabilize population explosioithe sawahtechnology is effective in all types mwlands in SSA, i.e., smalhland
valleys flood plains inland basins/deltas and coastal deltas.

The sites peci fi ¢c f ar mer sawahsyseem sleveloprherdand sawahbased eick farmingsawah
technology)offers efficient and endogenoudevelopmentwith low-costrice intensificationof sustainable paddy
yield at leastli 6 t/ha. Ifsawah type infrastructure is available ande apply improved agronomic practices such
as System Rice Intensification (SFK) any other advanced agronomic practitespaddy yield cameachhigher
than10t/ha. However, African wieinds are quite diverse and different from Asiatiandsin terms of hydrology,
topography, soiland socioceconomicehistorical settingsTherefoe careful sitespecific sawahdevelopment and
management technologiesust be researched, developeahd disseminatedwvith continuous improvemerand
evolution (Kaizen through trial and error processé®r thesustainablalevelopnentand managaent ofsawah
systems by local farmers, s@ifopelled efforts and smadcalemachineriesuch as power téirs are necessaryhe
sawahtechnologywassucceasfully testeddemonstratedand evolvediuring1997 to 2Q7 in Nigeriaand Ghanas
well as Togo and Benjrespecially in locations where appropriate sites were selectadhametl leadarmerswere
backstoppethy Sawahtechnology expertproperly.

This manualpaperdescribel practices on four components of skills ssiwahtechnology to achieve successful
disseminatiorand evolution osawah systemir rice green revolutian(1) siteand appropriate timselection and
site-specificsawahsystem design, (2) skills fafficient andcosteffectivesawahsystem development ing small
machineries, such gowertiller, (3) ricef a r msmgica®nomic empowermefbr sustainablend endogenous
development and managementsafvahsystemsand (4) sawahbased rice farming to realize a sustainable paddy
yield at least 4t/hand 2075 ton of annual paddy production pene set opower tiller within three years after the
initiation of newsawahdevelopmentT hi s wi | humenpaw® rice f ar me¥r/s5 d&owaon

of paddy pri-88é@é, wWi0oloH4 OHe p>0 0N of paddy), i f #8000 ed
per ton of milled rice, t$8&n500t aWhskél heyg pawab d
$L0BMOO0 per ha includi-$#@® 0o wemtuislalti enrg acabsstt, oH 2 0sO0adw a h
will be 50% of tSheaictewd satl mesretl | d gt pafi eBibad 0Df asadw ahh nw
wi |l $25b80500be i nvestmer e c30 vweera rea.in hid hmirg20ayr eegorisd voaft e b u s
enterprisesdave|l OpMemanseechough this investment -3cost
is too |l ong to manage for majpoitgyobysmalkker nineialtIs

necessary.

Since rice farmers have to mastelatively wide range of skills, intensive-time-job training is very important. Once
masteredhowever the skills can be transted from farmess to farmess. Thus it will be relatively easy tecale up
the successdikes at Kebbi state andida of Niger gateto nationwide olNigeriaandat Ashantiregionand Volta
regionto full GhanaBenin and Togo as well &gest Africa andSSA to realizeice greenrevolution

2. Potential of Irrigated sawah systemdevelopmentin Sub Saharan Africa (SSA)

As we described in separatecompaniompaperon fiSawahtechnology(3Paper & 3PBtPrinciple Sawah hypothese
(N the platform forscientifictechnology evolutionSawah hypthesis (ll)the plat fornfor sustainable intensification
throughin watershed groforestrysystemgAfrica Satoyama systentsand othergpublishedin Sawah technology
home page(http://www.kinki-ecotech.jp/ Wakatsukiet al. 1998, Hirose and Wakatsuk2002, Wakatsuki and
Masunaga 2005Fawahsystem infrastructureand Sawalecotechnology(hereinaftesawahtechnologyhave been
lackedin majority of Sub-Saharan Africa (SSAAmMong the240 million hectares (haf wetands inSSA Van Dam
and Van Dieperi982,Andriesse 1986Windmeijerand Andriesse 1993), abo20% 50 million ha(56 million ha
for annual harvest and 40million ha equipped for irriggtiame estimatedo beappropriate sites for sustainable
irrigated sawahsystem developmenof which 921 million ha are in small inland valleysj 83 million ha in
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floodplains, 49 million ha in coastal deltas, andZ® million ha in inland basirideltas as shown in Table 1
(Wakatsuki et al. 1998{irose and Wakatsuki 2002pe and Wakatsuki 2011)

Table 1. Distribution of wetlands and potential irrigated sawah
area in Sub Saharan Africa (SSA) Andriesse 1985 Windmeijer &
Andriesse 1993, PotentialSawaharea estimate byWakatsuki 2002 and 2015)

o ] Area Area for potential irrigated
Classification (million ha) sawah development
Coastal swamps 17| 4-9 million ha (25-50%)
Inland basins(deltas) 108| 5-20 million ha ( 5-20%)
Flood plains 30| 8-23 million ha (25-75%)
Inland valleys 85| 9-21 million ha (10-25%)

Note 1.Although initial priority was small inland valleysecause of easier water
control,flood plains and inland basins (delia)Sudan and Guinedavanna zones
shouldbe given priority, such asebbi, Jigawa andBornoin Nigeriaand Chad
wherewide distribution of shallow ground water (Gleeson et al. 2012, dtai.
2013 makes small pump irrigateshwahefficient and soil fertility is high.

Note 2. Estimated potentishwaharea and paddy production are-Q.fillion haand
2-4 million tons of paddy in Ghana;3 million ha and 120 million tons inNigeria,
and26-73 million ha and 104292 million tons in SSAEstimationsn Tablel can be
supporteddy following data, i.e. Asia hast0nilion haof potential(94 million ha of
sawakhrice harvest in 2013) with 9485 khof available waterwhereas SSAas 3617
km?3 of wateravailability (40% of Asia) give§6 million ha potential harvest area
(only 2 million hasawahrice harvest in 2013)0ki et al2009,AQUASTAT 2016, FAOSTAT 2016)

Million ha  Fig.1 Area Equipped for Irrigatioand Potntal of SSA(Aquastat 2016)

140 Having with 9485 kriof annual available
water, Asia has 216 million ha equipped for
120 irrigation, 94 million ha for irrigated rice W 1961-1970
harvest in2013. Its potential area is 322 and m 1971-1980
140million ha respectively. Since SSA has 1981-1990
100 3617 km?3, 40% of Asia (Oki et al 2009), its
potential irrigated area and potential irrigate 19912000
rice harvest will be 129 million ha and m 20012010
801 56million harespectivelySawahbased rice 2011-2012

harvest was only 2million ha in 2013

601 If SSA can irrigate rice
€—similar to Asia, total
potential irrigated rice
40 harvesetarea will be
56million ha annually
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Although only large scale wetlands, such
asflood plainsand inland as well as
coastalbasins (deltas)are appearedin
this map, there arenumerous small
inland swamps and valleysn all agro-
ecological zones of Sub Saharan Africa.

Fig. 2. Distribution of flat wetland soils in Africa (Van Dam and VanDiepen1982)

The potential area on inland bas{dsltas) is revised considerably in the Table 1, because of recent findings of huge
areas withshallow and moderate depth (<-20m) of groundwater in savannah zones, stretching from Sudan and
Chad basins to Senegal and Mauritania on various altitudes as shown in2Fand.,14(Gleeson et all 2012,
MacDonald et al 2012, Fan et al 2013, and Xie et al 20Ldjal area range of sah system development is-Z8

(mean 50) million haThis estimationof 50 million ha isalso supported byhe comparisorof annual water
availability between Asia and Africa, i.e., 9485 Riwater is supportind37 million ha ofsawah based annuate
cultivation area in Asigmean paddy yield 4.6 t/ha in 2011hus 3617 kni of water may support about 50 million

ha ofboth irrigatedand rainfed sawah area in Africa (Oki et al 2009, FAOSTAT 2015)paddy yield5t/ha of
sawah/crop anthisareapotential is realizedmore thar250 million tonsof annual paddy production will be possible

in near futureby 2050for one billion peoplewhich give us time before to stabilize population explasion

3. Characteristics of various wetlands of SSA compared to%a in relation toirrigated sawah
system development

3-1. Characteristics of African wetlands

As shown in Figure 3, appropriatendss sawahsystem developmerns affectedmainly by hydrological and
topographicakonditions(Hirose and Wakatsuki 2002Extreme sandy soil6>95% of sand and <3% of clay) are

not appropriate because of too rapid water permeability to control watawahplots. Initially smallinland valleys

in Guinea savannah zone and rainfall rich tropiigedst zones, such as Ashanti in Ghana and Niger state as well as
BRACED (Bayelsa, Rivers, Akwa Ibom, Cross river, Edo and Psttdesn case of Nigeriayere giverthe highest
priority for developmento apply thesawahtechrology, because controllingmallgravitationalwater iseasilydone

by farmer®  oeffarts. One of the reasons why the ecology of lowlands in West Africa is so diverse (Jamin and
Windmeijer 1995) can be explained partly from Reb. Inland valleys and flood plainss well as déhs have
various micretopographies as shown in Fig. 3, of which spring irrigable sloped land and typgatle lowland

can be developed easily itnigated sawahsystemsausing simple weiand dyke Many areas of inland valleys that
have upland ecologlave the lowest priority for sawah development. Water harvestable lowland along the foot
slopes (Fig. 3) can be developed as contour bunded sawah systems.

Because of diversity in hydrology, topography, soils, climate, vegetation, and geology as seeib&sonomic,
cultural and historical conditions, tlsawahtechnology must fit into such diverse conditioAs.shown in Table 1,
the lowland area of SSA is enormo@l0 million ha Andiresse 198F because of characteristics of natural
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environment, particularly scarce water resources (Fig.4), the potential area for sustawabtivelopment cannot
cover all the lowlanslof SSA (Table 1) Lowland soil formation bgedimentatiof eroded topsts in SSA is much

smaller than in tropical Asia (Fig. 5). This will be a basic ecological limiting factor to desaleghsystems in SSA
(Table 1).

Water
i W : Sawah
Sp“nsg f [ /]If(‘)?,vr}/aenséab'e Sawah Flood plain and (ground water
pLacs (ground water inland/coastal re-charge)

groundwater re-charge) basins(deltas)

are available
prone \during non-

- lowlands/flooding period
table z[F] -
and
grottJnd[S] )
water _S_prlng Lowland [L] River

irrigable bt = qypicyl River

sloped  Gpanc . =%

ecology irrigable
lowland lowland

swamp/deltajp; ~

Diverse irrigation options: Rainfed sawah, sawah to sawah/contour bund wate
harvesting, spring, dyke, river, pump and shallow tube well, peripheral canal,
interceptor canal, tank

Wetland sawah development priority: [S] [L] [F]* [D]* > [W] > [U]
*Even large flood plain and deltas, farmers can practice sawah based rice farmin
small water pump and shallow tube wells, except f8rr2onths flood period. Since
flood water power of majority of African big rivers are not so destructive, sawe
systems developed by farmers can survive under flooded water. Bunded sawah
can not only recharge ground water, but also contribute to trap eroded fertile to
particles in flood water to sustain fertility.

Fig.3. Diverse wetlands/lowlands and targeted sites of sawah technology alo
topsequence of inland valley, flood plain, and costal/inland delta in SSA.
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Can watersheds of SSA sustaawahsystem? High rate of soil erosion and lowland
soil formation can be compensated by high rate of soil formation in Asia. Howeve
formation, soil erosion and hence lowland soil formation are appeared timlow

comparison with Asian watersheds. This is because of many huge lislaimd/deltas
aretrapping sediments, such as Mali, Ch&ddd Congo and Okavango (see Fig. 2)
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3-2.Kebbi Rice Revolution by Promotion of Sawah Based Farming on the Flood plains

However, sincdothwet and dry season trials durig§1120140n flood plainsand inlandbasin {leltg of Sokoto

and Niger riveat Kebbi stat®f Sudan savanraone at northern Nigeri# became clear thabme large flood plains

as well as inlandbasins deltas) in the Sudan savanzane such as Kebbi, Sokoto, Jigawa, Yobe and Borno states

in Nigerig can also be given higher priority if an appropriate cropping season can be selected to avoid flooding
seasorduring August to Octobeand using shidw groundwater byube wellsless than 1£20m depth

During 201112, two powertillers suppliedby Sawah tearof Kinki University/NCAM for demonstratiomesulted

in 18 ha ofsawahdevelopmenby farmeréself-supportefforts who weretrained bySawahexpertsof Nigeria and
Japan.Kebbi farmers bought additional 22ts of powetillers to develop more thard@ ha ofsawahby the end of
2013.As shown in Fig. @&nd Table 4, during dry season of October 2048y 2014, half year, the cultivatsdwah

area reached to 199 ha and produced 12596.5 tons of paddy(mean yield 6.3 t/ha) (Yeldu HH 2014). Then 1000 s
of power tillers were bought by Kebbi state government, which distribution to farmers had started in April 2015 to
boostsawahtechnology dissemiti@n. This will increase the total area covered by sawah technology in the state
more 10,000 ha within a few years. It seems Kebbi state could produce annual paddy production 1 million tons i
2014-15.

3-3.Kebbi Rice Revolution through Sawah Systenbevelopment andEvolution

Fig.7 shows soil and landuse survey route and soil sampling points 6ARRIn 14" -16" of December, 1987
(Oyediran 1990)The trip was supervised by Wakatsuki who took photographs in Fig. 7 and 8. The two photographs
in Fig. 7 showrice fieldsat almost same location but in 1987 and 2(Hi§.8. shows farming systems in 1987 at
Sokoto river flood plain at Arugung and Birinin Kebbi area. Non sawah rice cultivatierecommon practice at

that time National Cereals Researclstitutes had stations deep water rice research at that time. But nowadays deep
water rice has no more importanc®nion cultivatiors using shallow boreholby both hand and purnigrigation

were observed at that time, although minor portidoweveras sen in Fig.9, by 2011, all over the flood plains have
shallow tube well and small pump irrigated micro sawah plots for onion and rice cultiVdtes@rrigation systems

were evaluated as successful results under Fadaftigpiioject assisted by Worldamk (2002) and Nigerian and
Kebbi state Government (Dakingari 2013). This program constructed and trained 50,000 tubewell and small pum
irrigation for about 30,000ha micro sawah plots for both onion and rice cultivation by 2011. Rice yield, however
remain2-3t/habefore introducing sawah technology
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Table 4. Extension of Sawah Rice Production Technology in Kebbi Stat
during March 2011 to April 2014

1. Kinki University/NCAM Demonstration and Training, March 2011-April 2012

Local Farmers No.of.powertiller Total sawah |Total No. ol Paddy yield
Government supplied/ bough{developed(ha 100kg bag |in ton/ha
Arugungu* |shared |2 shared 6.5 487.5 7.9* Demonstration and dissemination site
Birinin Kebbi{shared |2 shared 3.5 227.5 6.9 sites are shownin Google erath map
Jega* shared |2 shared 8 560 7 of Fig. 6
Total shared 18 12757.1(mean)
2. Sawah Technology extension, April 2012-October 20133. 2014 Dry season rice in November 2013 to May 2014
No.of . Total Total No. ) No.of ) Total Total No. )
(I_Bocal Farmers powe_mller sawah of 100kg _Paddy yield|Local Farmers powertlller sawah of 100kg Paddy yield
overnment supplied/ |developed bag inton/ha  |Government supplied/ |developed bag in ton/ha
bought (ha) bought (ha)
Arugungu* |MGD farm* 2 15 975 6.5Arugungu* |MGD farm* 2 20 1400 7
JUM farm 1 10 650 6.5 JUM farm 1 10 650 6.5
ABK farm 1 4 260 6.5 ABK farm 1 8 480 6
AK farm 1 3 180 6 AK farm 1 6 360 6
AMB farm 1 4 240 6 AMB farm 1 5 300 6
Dr YA farm 1 4 240 6 Dr YA farm 1 5 300 6
ANL farm 1 3 180 6 ANL farm 1 5 325 6.5
AMI farm 1 6 390 6 AMI farm 1 10 650 6.5
ASD farm 1 5 300 6 ASD farm 1 5 300 6
Birnin Kebbi|ABA farm 1 4 260 6.5 Birnin KebbilAAA farm 1 4| no datg no data
BB farm 1 3 180 6 BB farm 1 6 360 6
AS farm 1 3 180 6 AS farm 1 6 360 6
Bagudo ABB farm 5 35 2450 7|Bagudo ABB farm 5 50 3500 7
Jega HHJ farm 1 7 455 6.5Jega HHJ farm 1 14 910 6.5
AUA farm 1 200 1200 6 AUA farm 1 40 2400 6
Suru Dr.UD farm 1 5 300 6|Suru Dr.UD farm 1 5 300 6
Total 22 131] 84406.4(mear] Total 22 199 125956.3(mear

The sawah technology demonstration and training were operated by Nigerian sawah team dw2@y2@t®

states, i.e., Kebbi, FCT, Benue, Ebony, Delta, and Lagos, under the agreement between NCAM/engityJand
Fadama Ill/World bank in 2010. Although majority of demonstration and traiwerg successful, endogenous
sawah technology development is still not so clearly visible at the moment except for KebBisstatavn inTable

4 andFig. 10-13,Kebbi rice revolution has started (Dakingari 2013). Major reasons of success are good rice ecology
success prehistory of Fadama projects, excellent collaboration and field oriented working style in all stake holder
from governor to farmers Kebbi stéae. Thanks to the Kebbi rice revolution, Nigerian sawah teams could evolved
their sawah technology for not only inland valleys but also flood plains and in¢esmbielta areas.

3-4. Potential of Flood plains and hland Basins (Inland Detas) asnewtarget of Sawah Technology

Fig. 14 shows characteristics of topography (left by Araki 2008) and groundwater of Africa (Fan et alA20d3).

is stable continent, which has about 10 steps of flat peneplains of various altitudes, which are shown as C, D, E,
and G in Fig15-17. TheD flat land has 300m altitude. This wetlands correspond to Chad and Mali basins. The E
has 400 m altitudel' hese wetlands correspond to Sudd and Congo basins. The flat land of F has about 600m altitud
This is tableland/plateau surrounding wetlands of Chad, Congo and Sudd basins. The G basin has about 100
altitude. This is highland basin in East and SoAfitica, typically Okavango basin/deltas and surrounding areas.
These basins are not good sites for rice cultivation, because of cold climate and game reserves for ecologic
importanceThe percentage of area between-800 m altitude is 38.9% (1.2 biliicha) and 28% (0.86 bllion ha)
between 50€0L000m in Africa both of which contains vast inland wetlands, such as flood plains and inland basins.
But in Africa, the percentage of area less than 200m (A < 50m, and B about 80m altitude in Fig. 17, oaataly c
plains and inland valleys) is only 9.7% (0.3 billion ha) including codstdhnd/wetlands. Whereas Asia has vast
lowlands less than 200which is shown am Fig. 17, 24.6% (1.1 billion ha), which becomajor wetlands for rice

in Asia.
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