Sustainable intensification and diversification

strategies for African rice-based cropping systems
T. Wakatsukl, Kinki Universit an, 2Aug2006, Africa Rice Cong.
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Production trend (kg/person) of diversified
African crops in comparison with Asia

paddy/person/year can supply
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Fulbe (maybe also Masai?) cows are not integrated well in
the rice farming: Diversity but not good integration in
majority of African Agriculture

Nupe farmers’ tradltlonal water control systems Imgated but rudlmentary sawah system
because of no availability of animal traction ( and small machinery)
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Sustainable Diversification 1s not a
major problem in SSA. Current major
problem 1s how to realized sustainable

intensification: Green Revolution

African nature of Diversity Agriculture may
contribute tropical Asian and American
agriculture 1n future.

NERICA rice also may contribute to help
Asian rice 1n future, because of 1ts potential
genetic diversity



From plateau to Bangkok plain, July 06
What 1s Sawah?

No clear demarcation:Land is not injured

 Farmers fields are demarcated
armers fields are demarcated

Northeastern plateau area in Thailand, July 06 Dar es Salaam airport, July 06



Farmers’ Fields: Sawah based eco-technology:
Diverse and mixed Diverse but well characterized,
up environments classified,and improved rice

environment, especially for
water control

GMDUGHIGKCDILMBN
NPQTBBAACIGHOLKJDBV
IRNJUAHGDNVAPCDEFAFT
GMDUGHIGKCDILMGHOLNH
NPQTBBAACIGHXLKJDHGLP
IRNJUAHGDNVGHOLKNPSD
TBBAACIGHYLKIJDIRNJHG
UAHGDNVAPCDEFKLG
A B GHIGKCDIMB

mixed up varieties
ABCDE......... pure variety A

pure variety B

Fertilizer, Irrigation, and Dure zg;.‘;ggg
HYYV are not etfective: pure variety E

No Green Revolution

Successful Integrated Genetic and Natural
Resource Management, i.e., Agronomy, needs
classified demarcated land, eco-technologically




Biotechnology and  Ecotechnology

Rice variety and Rice with Sawah Systems

Water in

/ \ Water out
Sawdh Is a man-made, improved rice-growing environment

with demarcated, bunded, leveled, and puddled fields, for
water control. Sawah is soil based eco-technology

— Because of diverse soil, geology, topography, hydrology,
Varieties could climate, vegetation and socio-cultural conditions, the
solve the main technologies for sawah development and management are
roblems in Asig  very diverse. Therefore we have to research and develop
Is this also the technology to accommodate in diverse SSA ecology.

true in SSA?

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



Sawah: Lacking the concept, term and eco-
technology. This makes disturbing the balanced
approach for rice development 1n West Africa
and SSA last 30 years
Confusion in paddy, irrigation, water control,
and sawah systems

Farmers’ job
« Sawah Hypothesis (1): Precondition for Green

Revolution :

Government Job ‘

1s Farmers’ rice field conditions are ready to accept
irrigation water, fertilizer, and HY'V or not?

« Sawah Hypothesis (2): We have to overcome scarce
nutrient and water: Sustainable rice productivities under

Sawah 1s 10-15 times higher than upland rice fields

* Must remember that lacking the concept & term,



No proper English/French ecotechnological
concept and term to improve farmers’rice fields,
Sawah or SUIDEN (in Japanese)

Suiden =SAWAH (Malay-Indonesian)

~(Japanese)
English Indonesian  Chinese GE=ZF)

Plant

| Rice Nasi *., £, FE
Biotechnology

Paddy Greenenee e Padi *ITE', ﬂ

e

Environment
Ecotechnlogy (Paddy) ? Sawah 7K
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Weeds are stronger: upland rice, Bida |_
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| Once Sawah system are evelope by farm rs’
i sclf-support efforts and water 1s controlled,
I majority of HY'V can produce higher than 5 t/ha




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)

Entry No. Cultivar Irrigated Sawah Rainfed sawah | Upland like fields

HIL LIL HIL LIL HIL LIL
(t/ha) (t/ha) (t/ha)

1 WAB 4.6 2.9 2.8 1.6 2.1 0.6
= 2 EMOK 4.0 2.8 2.9 1.3 1.4 0.5
E 3 PSBRC34 7.7 3.5 3.0 2.1 2.0 0.4
= 4 PSBRC54 8.0 3.7 3.8 2.1 1.7 0.4
L 5 PSBRC66 S.7 3.3 3.8 2.0 1.8 0.4
> 6 BOAKI189 7.0 3.8 3.7 2.0 1.4 0.3
o 7 WITAS 7.8 4.2 4.4 2.1 1.8 0.5
&= 8 Tox3108 7.1 4.1 4.0 2.3 2.3 0.6
% 9 IRS5558 7.9 4.0 3.8 2.0 1.8 0.5
= 10 IRS58088 7.7 4.0 3.7 1.8 1.4 0.3
- 11 1RS54742 7.7 4.3 4.0 2.2 1.9 0.4
< 12 C123CU 6.9 4.1 4.2 1.9 2.0 0.4
) 13 CT9737 6.5 4.0 4.0 1.7 1.9 0.6
o 14 CT8003 7.3 3.8 3.8 1.7 2.0 0.5
©) 15 CT9737-P 8.2 4.0 4.3 1.8 1.2 0.5
oll 16 WITAIl 7.6 3.6 3.3 1.8 0.9 0.3
> 17 WITA3 7.6 3.5 4.1 2.0 1.3 0.5
T 18 WITA4 8.0 4.1 3.7 2.1 1.5 0.3
O 19 WITAG6 8.0 3.5 4.0 2.3 1.4 0.3
L 20 WITA7 7.3 3.7 3.8 2.2 2.0 0.4
5 21 WITA9 7.6 4.4 4.5 2.8 2.0 0.6
= 22 WITA12 7.6 4.0 3.8 1.9 1.8 0.4
N 23 GKS8 7.5 3.8 3.5 2.0 1.8 0.5
Mean (n=23) 7.2 3.8 3.8 2.0 1.7 0.4

Range (4.0-82) (2.8-44) | 2.8-45) (1.3-2.8) | (0.9-2.3) (0.3-0.6)
SD 1.51 0.81 0.81 0.45 0.44 0.12

Entry 1- 7 : Early - maturing cultivars, Entry 8-23: intermediate - maturing cultivars



IGNRM for Green Revolution technologies ; | ‘vater, Fertilizer and Soil mgt, Legume,
Manure, animal traction ,power tiller,

fish and rice vegetable after rice, BNF,
Iron toxicity, P deficiency, IPM, Striga,
Weed mgt, Cover crops, Cropping
systems research, CH4 emission, carbon
sequestration, etc. Crop Physiology,
Long-term field experiments

Rice variety

Improvement Rice Environment\  Missing link
dissemination Improvement and is “sawah”
dissemination in SSAfrica

technology technology

Ecotechnologically demarcated field for water
Management has to be existed:

H%gh yielq High quality leveled rice field (£ 5cm)
H¥gh quality High quality bunded rice field (no leaking)
High tolerance High quality puddled rice field (nursery )

Research Concept of Integrated Genetic and Natural Resources
Management (IGNRM) for green revolution technology :
Missing link is Sawah which is lacking in majority of famers’ fields
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[ Sahel savanna zone (Rainfall < 500mm, Growth Period < 90days)
Sudan savanna zone (Rainfall 500-1000mm, Growth Period 90-165days)
[ Guinea savanna zone (Rainfall 1000-2000mm, Growth Period 165-270days)
= Equatorial forest zone (Rainfall > 2000mm, Growth Period > 270days)

®  River flood plains sampling sites (70 sites)

o Inland valley swamps sampling sites (200 sites)
---------- International boundry

West Africa map showing selected sampling sites of
lowland soils. (Buri and Wakatsuki, 2000)



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
) Total Total Available
L ocation val (cmol/kg)

Sand Clay CEC

C (%) N() Pppm)™ — - ” Mg  eCEC (%) (%) [Clay
VS 1.3 0.1 9 1.9 03 09 42 o660 17 25
FLP 1.1 0.10 14 56 05 2.7 103 48 29 36
T.Asia@= 14 013 18 104 04 55 178 34 38 47
Japan 3.3 029 57 93 04 28 129 49 21 061

*Kawaguchi and Kyuma (529 sites), 1977,** Bray |l.
Source: Hirose and Wakatsuki (268 sites), 1997.
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How can we overcome such low

level nutrients & scarce water In
Sub Sahara West Africa

* To develop lowland sawah 1s the answer.

* The integrated management of lowland &
upland, for example, watershed agro-
forestry, 1s also key eco-technology

e The core region of West Africa has similar
climate, soil, hydrology, and crops to

northeastern Thailand: The important site in
Asian African collaboration 1n future



Sawah hypothesis (ll): Sustainable Productivity of
lowland Sawah fields are more than 10 times higher
than Upland Fields: This is not experimented results
scientifically, but experienced results in Asia

1ha sawah = 10-15ha of upland

Upland Lowland(Sawah) '

Area (%) 95 % 5 %

Productivity (t/ha) 1-3 36 (2)

Required area for |
sustainable1 ha cropping S ha : 1 ha

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



(1) The optimum landuse pattern and landscape management practices optimize the
geological fertilization through the control of optimum hydrology in watershed

Rainfall Application of various types
l l of humified organic matters

- Watershed agroforestry Intensive sustainability in uplands
= combination with stock raising

Nutrient cycle

Lowlands = about 5%

Sawah hypothesis: | ha of sawah fields
are equivalent to 10-15 ha of uplands.

Rock weathering,
soil formation and nutrients relcase

2 (‘0_1 chson Technology developmernt for nitrogen through soil,
N-O water, algac and nice integrated management
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(2) Sawah systems as multi-functional constructed wetlands

Macro- and Micro-scale
Ecological Mechanisms of
Intensive Sustainability of
Lowland Sawah Systems

(1)Geological
Fertilization: lowland can
receive water, nutrients,
and fertile toposils from
uplands.

(2) Multi-functional
Constructed Wetlands for
control weed and
enhanced Supply of N, P,
S1, and other Nutrients



(1) The optimum landuse pattern and landscape management practices optimize the
geological fertilization through the control of optimum hydrology in watershed

Rainfall Application of various types
l i of humified organic matters

o

=0e.. . Watershed agroforestry Intensive sustainability in uplands

3t "’ 'l. . . . L
o {ﬁ, = combination with stock raising

"“" ~

Uplands: 1,000-5,000 ha
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¥ Lowlands = about 5% _

Sawah hypothesis: 1 ha of sawah fields
are equivalent to 10-15 ha of uplands.

Rock weathering,

soil formation and nutrients release . T——
Sedimentation

Stream discharge

Concept of Watershed Eco-technology, 1.e.Watershed Agro-
forestry:Multi-functional Sawah type wetland 1s a key
component



Japanese Inland Valley (SATO-YAMA
systems): Integration of Forest, Pond
and lowland Sawah in watershed




Topsoil, water, and nutrients accumulation through watershed agroforestry

Geological 2T N2 CH4 G hission i .
e { CO» Technology development for nitrogen through soil,
\ }i WTE / N-O water, algae and rice integrated management
Rl
"

‘g _-,A V") N:(NZO’ NO)
‘ /4.-__.“,.,__,“‘1 ibIOIOg_chal |

camiaak
i TR pitrogen = =
i i _; fixation . algae — i submerged water
algae " _' _
*' mtnf'catlon A demtnﬁcatlon
i

!
a few mm - NS O CXINORTT e AR L oo
- 2cnmi’, S C‘H"CO’, 1 Yo, NH‘_’NO"_,’NO_,*_ L AC By 400 ~ SOOmV oxidized ~
SRR HY A RS RSSO ORI DS oo AR Attt o JiS by i ¢ o layer
¥ ] H * -
y organj Nz ,
1Y 11. _’Nz (NQO, NO)_
, Mn(lV) —=Mn (11)
'NO3NO2<NHs-N -100mV low |
10 - 20cm< : Fe (Il) ~ —=Fe (1) ¢ Pow e
SOy — H,S reduced layer
N2 —NH4
CONT~CcH, CO — CH,4 -250mV
! O2, Np™ CH;COOH— CH, (Eh) 4
~=x-N-fixation, increasing P avallablhty and pH neutralizatio
) N EY 7 11 4 N A Accumulating layer Fe,O3 * nH>O
PNAPYEL L T Y P (NV ‘
- ‘ o i -
¥ | > — NN #@
. i wle -
L . 5 - H P f i i 3 A ’
" Gl e I® W A [ " "‘/l'. Ll W A (: * Wi .I( Accumulatmo layer MnO> * nH>O
e tie cA ’ N | - N ,& .* ‘_!‘ 1
v - * 3 . | ¥ i X
. et @ ab‘ :'.} “" !j" '.'01".01‘!#;.‘
’ | ¥

(2) Sawah systems as multi-functional constructed wetlands



Examples of ecotecnological research & Developemnt

,e.»;

»m

Sahal_g Desert

Moors

- %
Benchmark site at Nigeria,
Guinea Savanna zone, near
Bida city.

Emikpata river watershed with
5,000 ha.

Geology: Nupe sand stone,
Cretaceous

\Annual rainfall: 1,000 mm

J/

1986 —present

-
Benchmark site at Ghana,
Forest traditional zone, near Kumasi.
Biem river watershed with 7,000 ha.

0 160 320 480 640 800km IITA, International

Institute of Tropical

Geology are Gramite and Gneiss. ‘&f}l&cu}}um' Ibadan,
Annual rainfall is 1,500 mm. Junce
2 =

1994 —present

Two benchmark watersheds in Ghana & Nigeria. Map shows
countries with major ethnic groups in West Africa
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Rainfall : 1500mm

1deal for sawa

Long last springsfy Watersheds

100ha

tested 500ha

2 i
( T
AN A= SN allow ground 3000ha
i 110 Bonsukurom £ A?rd’) \ |'Water for pump 8000ha
N suaaqal ~_*
g\)}»% o 30000ha
~ ‘~-.:Biemtet. =
- 18 ,,\\ ) QLuraEo I&an11 tenure} C
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A7 Flood prone sites Vi
L » Kurhasi , e W B esEN
SV . — Fish pond & ' A
Ashanti region ® ST POL ' f%
1rrigation :
\N U P\ { 4 Potrikurom Weak rive flow
Republic of Ghana ' ( ] Z1Upland use problem?
— .' Biemso No.zyd/,/\
2 1 0 DA e
1 NN N R;
ﬂ ‘ )
A 1P S\ @
[] ... Dwinyama watershed 0 1 2km AN Adugyampt ~o 8 N NS
[_1... Biem watershed s =
[ ... Rice valley watershed , J
[ ... Danyame (Gold valley) watershed 3000ha 200ha 1?10ha RStea dy w or Fow _fbr ideal
Weak but steady flow| [ Drought prone oy " Weir & pump irrigation

Research site showing the location of transects in the watersheds.



Although hydrology is the base for success of Sawah, the performance

of various ecotechnologis in watershed can

L ™

be evaluated by water flow.

N
»
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Sawah construction can be done by farmers’ Manual Leveling needs hard-works for |
self-support efforts Sawah system construction g:
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Sawah 1s ecotechnology based Multi-Functional constructed Wetland:
Production, Environment, and Cultural landscape




Rice farmer’s field demarcation based on soil, water, and
topography are the starting point for scientific
observation, technology generation, and application.

Upland leveling & bunding

are limited only for good soil Lowland 1s the
target for leveling
ié and bunding.

. S )
NERICA with !
Bundingq“ﬁeve”ng V- ﬂawah system Research & Developmenx

N\
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Water table = Sy \\}rw ‘W / VF‘\\ Y éﬂ\g
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Spring irrigaiton

Water table and water management continuum(WARDA2004, 2006)




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
formatlon Agaln Ecologlcal Balance |s 2 Key

— Fig. 1. Rate of soils erosion in the world (Walling1983) ——



Water
W] harvestable

Upland

water
\) lowland ‘sawah
. T flood
prone
)5 contour bund lowland
Water tableOZ ; -
and ground = LF]: 1

Ver

lowland but N— /6
SF 1§1]g irrigable  upland ecology = E
slo

ped lowland tvpichIrricable
[U] P lowlan%l [U]

water

Irrigation options: Sawah to sawah/contour bund water harvestinﬁ,
spring, dyke, river, pump, peripheral canal, interceptor canal, tan

Lowland sawah development priority
[S]>[L]>[F]>[W]>[U]

Concept of Characterization and %uantitative mappindg of Lowland
diversity for sawah development (bunded, leveled, puddled rice
land) . depending on the watershed land use, lowland topography,
soil, hydrology and Agroecological zones



Estimation of rice production trend by each rice ecology in

West Africa during 1984-1999/2003 and 2015 estimation

by T.W. (WARDA strategic plan in 1988, African rice initiative
2002, Sakura1 2003, WARDA strategic plan 2004, FAOSTAT 2005)

Area
(million ha)
1984 1999/03 2015

Production

(million ton/y)
1984 1999/03 2015

Yield
(t/ha)
1984 1999/03 2015

Upland 15 18 20 1.5 1.8 2.0 1 1 1
contribution 57% 40% 30% 42% 23% 13% No yield increase
(%)
Rainfed 053 1.8 3.0 075 34 7.0 14 20 24
lowland
[rrigated

0.23 0.56 0.80 0.64 1.9 3.0 2.8 3.4 3.8
lowland
Total 2.6 4.7 6.0 34 7.7 14 1.3 1.6 2.4




Farmers’ sawah fields are the most important infrastructure:farmers’ fields come the first
Japanese Experiences

Integrated

- p Structural

ﬁ:g'g‘:;:::'; Sawah developing and Irrigated cultivation Ifﬁ::}ifﬂn r:lbrr:\

Stage 1 Stage 2 Stage _ Stage
7 Small scale L-a-ry- scale 34 110
- a]%an S Green Revolutlon japan (4R L,

G LR mmedlately after the Jamn '---'5\ 120
~@ Contact with Euro- : -
E —E - Before Green Revolution long ________ American’s chemical '{‘J"-ﬂ ': o\C
=8 efforts had been continued fertlhzer technology ' S
= to expand Sawah systems | : =3
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e Average of annual vield from 1974 1o 1976 {(FAO Product
& --- Average of annual vield of 1997 (FAO Production Yearbo
® - African countries 1997 (FAQ Production Yearbook)

Rapid expansion & decrease

Source: The chart was supplemented by the Siudy Team by adding FAO data published in its Yearbooks to: Takase, K. and Kano, T.,

"Drevelopment Strategy on Irrigation and Drainage” in the Asian Development Bank, Asian Agricalture Survey, 1969, p.520.

Takase & Kano,1969, modified

Rice yields & sawah area of historical path in Japan in comparison with rice yields in Asia & Africa




Distribution of lowlands and potential 1irrigated sawah

in SSA (Hekstra, Andriesse, Windmeijer 1983 & 1993,
[rrigated Sawah area estimate by Wakatsuki 2002)

Classification Area (million ha) Percen)tage(%
Coastal swamps 16.5 | (57) 14
Inland basins 107.5 | (47) 45
Flood plains 30.0 [(107?) 12
Inland valleys 85.0 36

(15
\'%'/

POSSIbIe area of sawah development (million ha)

Max 20million ha (Estimated sawah area came from the relative amount
of water cycle in Monsoon Asia, which has 100 million ha of sawah)



Biotechnology (seed) & Ecotechnology (sawah)
Need Balanced Research and Development
We are going to have many good varieties but

farmers fields are/were not ready to accept them
in SSA

NEGLECTED PRIORITY MATTERS

 Massive On The Job farmers’ Training program for
Sawah based rice technology: Asian African
collaboration

* Water, soil, and topographic characterization and
mapping of Inland Valley Watersheds and flood plain
for sustainable lowland sawah development

* In Asia, lowland availability is major limiting factor,
but it seems water availability in relation to
topography and climate will be major limiting factor
in SSA’s Sawah Development




Integrated Genetic & National ResourceManagement
Technology: Need clear concept and target, which can
be examined and monitored

Bio-technology Eco-technology
Lowland NERICA Inland Valley & Flood Plain
600,000 ha Sawah
Other HY Vs Improvement 800,000 ha
1,000,000ha New development 800,000 ha
by 2015 by 2015

Monitorable Target of Increase
(4-2)t/hax4x 10°+ 8 x 2 x 10°
—4.8x 100 t/y




onclusion: Integrated ecotechnology and
biotec
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e still rudimentary Sawah (Bida, Nigeria), but the
number of sawah based rice farmers who are consciousl
developing water & soi1l management systems are steadi fy
increasing 1n past 15 years. Prerequisite will be soon satistied
therefore within 10-20 years, the green revolution will be
realized in SSA, especially in West Africa,if proper balanced
strategy & policy were adopted for African green revolution




