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Abdract

This paper reviews past effortsto kick start Green Revolution in sub-Saharan Africa(SSA) with the emphasisthat there are missing prerequisites
for the actualization and realization of Green Revolution dueto the absence of suitable growing environment for rice production on farmersfields
in SSA. Sawah eco-technology was described in the paper as an established and proven solution for the actualization of Green Revolutionin SSA.
The paper examined the trend for the development and dissemination of sawah technology in Nigeriaand Ghana, and consequently the benefits
of thetechnology. Through sawah technol ogy significant breakthroughs, which have alwaysbeing the obstacle to highriceyield, include the ability
to utilizetheinland valleys and floodplain for sustainabl e rice production, effective water control for rice productionininland valleysfor highrice
yield and weed reduction, the use of sawah eco-technol ogy to overcome the shortage of fertilizersthrough microbial nitrogen fixation and geol ogical

fertilization on sawah plots. Major challenges for up-scaling the technology are the issues of land tenure, cost of power tiller and trained

manpower. The sawah rice production technol ogy has afforded the awareness that more hectares of lowland can be put into rice production within
ashort timeand still be sustained effectively and efficiently with high yield sufficient enough to herald the much awaited Green Revolution inWest

Africa
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I ntroduction

Thetransformation of agriculturethat beganin 1945 allowed food
production to keep pace with population growth. The associated
transformation has continued as the result of programs of

agricultural research, extension, and infrastructural devel opment.
Theterm “ Green Revolution” wasfirst used to depict the spread
of the new technologies and other developments in the field of
agriculture®. Thetake-off point wasthe Office of Specia Studies
in Mexico which in 1963 formally became CIMMYT, The

International Mai ze and Wheat | mprovement Center. Thisprocess
wasreplicated in Indiathrough the adoption of IR8 - asemi-dwarf
ricevariety devel oped by theInternational Rice Research Ingtitute
(IRRI) that could produce moregrainsof rice per plant when grown
with fertilizers and irrigation. In 1960, the Government of the
Republic of the Philippines adopted the same process and annual
riceproductionincreased from 3.7to 7.7 milliontonsin two decades.
Theswitchto | R8 rice made the Philippinesarice exporter for the
first timeinthe 20" century 2. InMay 19, 1971, the Consultative
Group on International Agricultural Research (CGIAR) was

established and co-sponsored by the FAO, IFAD and UNDP,

CGIAR has over the years since inception added many research
centers throughout the world and has responded to criticisms of
Green Revolution methodol ogies®. Methods like agroecosystem
analysis and farming system research have been adopted to gain
amore holistic view of agriculture, whileother methodslike rapid
rural appraisal and participatory rural appraisa have been adopted
to help scientists understand the problems faced by farmers and
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even give farmers a role in the development process. The
conventional process of Green Revolution was, however, still
maintained and heavily funded *.

There have been numerous attemptsto introduce the successful
conceptsfrom the Mexican and Indian projectsinto Africa. These
programs have generally been less successful, for a number of
reasons such as widespread corruption, insecurity, a lack of
infrastructure, and a general lack of will on the part of the
governments. Yet environmental factors, such asthe availability
of water for irrigation, the high diversity in slope and soil types
are a so reasonswhy the Green Revol ution isnot so successful in
Africa Evensonand Gollin® reported that Green Revolution has
not yet taken placein West Africaand SSA, while contemporary
Sub-Saharan Africaissimilar to tropical Asiaseveral decadesago
withtheattendant fear of famine®. Recent food-price and economic
shocks have further jeopardized the food security of developing
countries and poor people, pushing the estimated number of
undernourished people over one hillion’. These increasing
uncertaintiesrai se critical questions about how to quickly, viably,
and sustainably manage familiar risks and emerging new ones.
Those who depend on food purchases, both in rural and urban
areas, arehighly vulnerableto market riskssuch ashigh and volatile
agricultural prices, which peakedin 2007-2008. Sub-SaharanAfrica
(SSA) isthe only remaining region of theworld where per capita
food production has remained stagnant over the past 40 years8,
hunger prevalenceis over 30% and the number of malnourished
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peopleisdtill increasing °. Increased agricultural productivity and
food production is the key to combating hunger and to enhance
Africa’'s economic development in general.

The green revolution package of high-yielding crop varieties
(HYVs), irrigation and agrochemicalsis often seen as mainly a
technological intervention to boost food production, but there
are socio-economic, political and environmental dimensionstoit
asagricultureismainly based on natural resources. Many valuable
lessons can be drawn from the green revolution experience in
Asia which can hopefully help Africa to make strategic policy
decisionsfor embarking on an agricultural revolution. Thelessons
can be used by Africa as inputs for considering strategies and
approaches to food security. The entire range of lessons from
Green Revolution in Asia, together with knowledge on existing
potential technologiesand systemsinAfrica, needsto beanalysed
and considered before any agricultural revolution is undertaken
inAfrica

Themost vital consideration may beabout local agro-ecosystems
and what they can offer, rather than applying technologies that
are devel oped detached from the local system. Agro-ecosystem
devel opment may be moreimportant than any revolution. Africa
still has that legacy, which can be further improved with
appropriate and people-based technol ogy.

Otsuka and Kalirajan © reported that the main prerequisites
of Green Revolution in Asia have been ineffective in the
transferability of thegreenrevolution processtoAfrica. Firstly,
HY Vswerefertilizer-responsive and irrigation system optimizes
plant growth and fertilizer reaction. African farmers have widely
adopted thefirst generation MV swith respect to rice since 1960s°
though adoption rate of MVswas still lower in SSA than Asia®
because national agricultural and extension system was much
weaker °. Also, the impact of genetic improvement on rice has
occurred disproportionately over rice ecologiesin WA, highMV's
adoptionratesinirrigated wetlands and rainfed lowlands but low
MV adoption rate in the upland ecology **. Of much critical
attention is the fact that a wide yield gap exists for the HYV's
between research and farmers fields 2. Fertilizer is often not
availablefor farmersin SSA and when available, itisnot timely for
farm operations and usually very expensive. This has made the
averageintensity of fertilizer usein SSA to belessthan 10 kg per
hectare of cultivated land over the past 40 years, much lower than
inother developing regions®®. Thefailure of large-scaleirrigation
projectsand River Basinsin SSA dueto poor management,
corruption and poor skillshasmade farmersto revert back
to the age-old practice of small-scale irrigation systems
which have been reported to be of growing economic
significancein someregions.

The scenarios described above have stressed the fact
that the prerequisites needed for Green Revolutionin SSA
are actually missing and thus need for a solution. Fig. 1
depicts the anecdotal path for GR in SSA that has been
researched and established.

Fig. 1 seeksto reverse the unfavorable environment for
crop growth onfarmers’ fieldswhich hasrendered Green
Revolution components ineffective and the introduction
of sawah eco-technology which is an ecologically sound
technology which modifies ecosystem functions and
environment and can improve farmer’s fields on a
sustainable basis.

Yield (t/ha). Hypothetical contribution of
three components of Green Revolution

technologies and sawah

Riceisamajor staple, increasingly eatenin SSA. However, rice
(paddy) yield remained almost stagnant from 1.2to 1.5t ha'in
SSA but showed remarkableincreasefrom 1.8 to4.0tha' inAsia
during 1960-2000 . It is obviously true that African Green
Revolutionisstill far from the success, and effortsto increase the
production of thismajor staple would not only make households
to be food secure but will ease the pressure on foreign exchange
that often goes to secure imports that are used to bridge the
consumption demand-supply gap in many SSA countries. The
government of Japan has manifested strong support for increasing
rice productioninAfricaasthe most important agricultural support
before and during fourth Tokyo I nternationa ConferenceonAfrican
Development (TICAD 4) heldinMay 2008 in Yokohama, Japan.
The plan of doubling rice production within ten yearsin African
countriesisachallengewhich promotes suitable cropping, mixing
lowland and upland rice based on climate condition and accessto
water. The declaration and the efforts for doubling was based on
the obvious research reports of many rice researchers, mostly
from Japan and African countries, that the potential actually exists
and results of previous researches proved that it is attainable.
Thisisinaway to accelerate thelong expected Green Revolution
inAfrica Support activitieswereimplemented in conjunction with
Japanese research institutes, universities, JCA, WARDA, IRRI
and other NARSin many African countries.

In Nigeria and Ghana, rice is cultivated under three systems,
namely, rainfed upland conditions, irrigated conditions, and rainfed
lowland conditions in inland valleys. Production under rainfed
upland conditions has been very low due to unreliable rainfall
and shallow and erodible soils of low fertility. Also, production
under the big irrigation scheme has not been successful. The
numeroussmall inland valeys, scattered acrossthe country where
water control is the main problem, offer the best rice ecology.
Inland valley bottoms and hydromorphic fringes cover about 50
million hectaresin West Africa’®, of which about 10 million hectares
have potential for small-scaleirrigated sawah based rice farming.
In Ghana, potential areafor small-scaleirrigated sawahin Inland
Valley Watershedisestimated at 700,000 hectares, which is 3% of
total land area, 1-3% of Guinea SavannaZoneand 3-5% of Forest
Zone. If flood plains are included, the total potential area for
irrigated sawah may reach onemillion hectaresin Ghana. Applying
sawah rice producing technology is one of the solutions Y.
Although, considerable progress has been made in addressing

Three major
components of
green revolution
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Figure 1. Schematic diagrams for the comparison of biotechnology-based rice
Green Revolution in Asia with the sawah ecotechnology-based rice Green

RevolutionplaninAfrica
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some of the researchable constraints, there is the need to devise
simple and low cost and environmentally friendly system for

managing theinland valleysthat can be adapted by the resource
poor farmers. TheAsian experiencein sawah development, which
looksat not only the valley bottoms but al so total watershed, has
been applied through the sawah concept. The term sawah,

originating from Malayo-Indonesian, refersto leveled ricefield
surrounded by bund with inlet and outlet connecting irrigation
and drainage. The English term paddy or paddi, which refersto
ricegrainwith husk in West Africa, dso originatesfromtheMa ayo-
Indonesian term, padi, which meansrice plant. M ost of the paddy
fields in the Asian countries correspond to the definition of the
term sawah. Paddy field is almost equivalent to sawah for Asian
scientists. However, theterm paddy field referstojust aricefield
including upland ricefield in West Africa. Therefore, in order to
avoid confusion between the terms of rice plant, paddy, and the
improved man-made rice-growing environment, the authors

propose to use the term sawah . Fig. 2 shows the pattern of

sawahintheinland valleysin Nigeriaand Ghana.

Lowlandafter sawah
Figure 2. Lowlandsbefore and after sawah in Nigeria.

Lowland before sawah

Sawah fields are the system adaptable to alowland ecosystem
but require eco-technol ogical skills, including thosefor minimum
changing of topographica and ecological features, such as both
land leveling, bunding and irrigation/drainage systems. The eco-
technological skillsfor sustainable water management, based on
the maintenance, improvement, and proper operation of the
systems, are a so important. However, intropical Africa, thistype
of farming technology, whichisessential to lowland use, has not
been devel oped. Thisiswhy lowlandsin Africahave mostly been
left unused. In other words, rice and other crops have been grown
at the cost of forestsin uplands'’. Sawah is a sustainable rice
cultivating system 8, cons sting of land management and irrigation.
The land management is leveling, bonding, puddling and
transplanting. This technique leads to high yields *°and
sustainable production irrespective of fertilizer use?.

Field Experiments
In Nigeria, the study on development potential on sawah based
rice production in inland valleys in Nigeria was conducted by
Japanese scholarsbased on thefact that rice cultureintheregions
isbasically upland cropping with the traditional method of bush
fallow and shifting cultivation. In order to overcome the problems
of low farming productivity and to realize amore intensive and
sustainabl e agriculture, the sawah system wasintroduced through
on-farm adaptive research in the two research sites of Garaand
Gadzainland valleys, located in Bida, Nigeria in 1986 2. Bidais
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137 m above sealevel and lies on longitude 6°01' E and latitude
9°06' N in Niger State of Nigeriawith aclayey loamy, sandy sail,
under the Guinea Savannah Ecol ogy of Nigeria. On-farm adaptive
research and participatory trials on sawah system research were
conducted on the research sites for four years (1986-1990) by
Japaneseresearchers and |1 TA staff but there was generally poor
adoption by farmers, however, improved varieties were readily
adopted but other components of the system were marginally
adopted and this led to the reassessment of the technology
transfer methodol ogy, which wasincorporated in the new project
that started in 2001 by Watershed Initiativein Nigeria(WIN 2001).
Thereal effortsfor dissemination took of in 2001.

Wetershed Initiativein Nigeria(WIN 2001) - aNon-Governmental
Organization, commenced the activities on sawah based rice
production development in 2001 with funds provided by the
Japanese Ministry of Education. WIN 2001 hasafull collaboration
with Agricultural Development Project (ADP), Ministry of
Agriculture, Niger State, and with National Cereals Research
Institute (NCRI). The dissemination of the sawah package took
off in 2001 from villages previoudly identified in a diagnostic
survey. Lowland rice farmersin different villages were contacted
fromwhereindividualsshow interest. Sawah based rice production
development started with threeindividual farmersinthreevillages
with 0.1 ha in total area in 2001 #. The establishment of a
demongtration field (1.0 ha) at Ejeti villagein 2002 gal vani zed the
project. The trend of the results of the activitiesis presented in
Fg.3.
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400
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100 42

0 _m . 4
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Figure 3. Trend of sawah technology adoptionin Nigeria.

In Ghana, the project was carried out in the Ahafo Ano South
digtrictin Ghana. Ghanaislocated on West Africa’sGulf of Guinea
only a few degrees north of the Equator on Latitude 5°36'N,
Longitude0°10' E. Half of the country lieslessthan 152 m (500ft.)
above sealevel, and the highest point is 883 m (2,900 ft.). The
coastlineof 537 km (334-mi.) ismostly alow, sandy shore backed
by plainsand scrub and intersected by several riversand streams,
most of which are navigable only by canoe. Table 1 presentsthe
3 phases of the sawah devel opment processin Ghanafrom 1997
till date and beyond 2009. The phases were described in terms of
the duration, institutions involved, budget size and the target as
well as the way to develop the inland valleys and enhance
sustainable rice production. Central to all of the phases is the
participation of farmersin order to ensure the continuity of the
sawah development process. The collaborated study program of
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Table 1. Features of the of sawah devel opment phases in Ghana.

Phase 1 Phase 2 Phase 3
The project name Integrated Watershed Sawah project Inland Valley Rice Development
Management of Inland Valleys in Project
Ghana
Term 1997-2001 2002-2004 2004-2009
Conducted by JICA - CRI SRI — Shimane Univ., Kinki MOFA - ADB
Univ.
Budget size $0.45 million $ 0.17 million $20 million
Main target 1 Training Ghanaian Agric. Study for sustainable sawah Nationwide sawah development,
researchers development 200 km? in the country

Main target 2 Examining farmers' participated
sawah development

farmers
Employment for constructing
sawah field/food for work
less than 10 ha
Training farmers, especially the
first year

The way to develop

Sawah area developed 10-20 ha
Main problem
production

Technical support and
maintenance the machinery for

Food for work + 3 years
support with financial aid

farmers' incentive, sharing the

Paddy yield 45 Mg/km?, total
production 80,000 Mg for poverty
reduction in rural area

Group based loan + technical
support

Over 100 ha (Objective)

site selection, no presence of
machinery

JICA Japan International Cooperation Agency, SRI Soil Research Institute of Ghana, ADB African Development Bank, CRI Crop Research Institute of Ghana, MOFA Ministry of

Food and Agriculture of Ghana

Japan International Cooperation Agency (JICA) and Crop
Research Ingtitute of Ghana (CRI) ran at the northern Ashanti
region of Ghana. The sawah field development with the farmer’s
participation was proven (JICA). After the study collaboration
had ended, the program wastransferred to Soil Research Institute
of Ghana(SRI). Afterwards, Inland Valley Rice Devel opment Project
(IVRDP) of African Development Bank (ADB) wasplanned, and
now it isprogressing 2. Themain goal of sawah projectsin West
Africaby Japaneseinstitutionsisthe devel opment of sustainable
production systems of the whole watershed, which allows
intensification and diversification of the lowland production
system and stabilizing improved production systemson the upland.
Furthermore, the projects would assist the development of atool
for land use plannersand decision makersfor integrated watershed
development?*, Table 1 presents the features of the 3 phases of
sawah devel opment processin Ghana.

Theimpact of the sawah intervention in Ghana can be clearly
deduced from Table 2, which showsthat farmers adopting sawah
technology were able to obtain morethan 4t ha.

L essons

Significant breakthroughs which have aways being the obstacle
to high rice yield that was accomplished through sawah was the
ability to utilizetheinland valleys and floodplain for sustainable
riceproduction, effectivewater control for rice productionininland
valleys for high rice yield, the use of sawah eco-technology to
overcome the shortage of fertilizersthrough microbial nitrogen
fixation on sawah plots. Development and training of farmers,
scientists and extension agents as well as government officials
on the importance and capability of sawah rice production. The
sawah farmers were also formed into cooperative and training
groups to be able to take advantage of credits as agroup and be
trained collectively for improvement of their farming skills. Inall,
the socio-economic status of the sawah farmers had improved.
Some farmers have secured more inputs for farming and other
necessary household needs due to higher income.
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Table2. Mean paddy grainyield among farmers groupsadopting
sawah technol ogy 2001-2005 in Ghana.

Farmers group 2001 2002 2003 2004 2005
Adugyama A 4.0 4.7 3.8% 5.0 4.5%
Adugyama B 4.4 4.8 5.5 5.5 4.8*%
Biemso A 4.8 4.7 4.8 5.5 -
Biemso B 4.7 5.7 5.9 6.5 5.4
Biemso C - 4.5 5.4 5.5 5.5
Mean 4.5 4.9 5.1 5.6 5.1
SE 0.18 0.21 0.36 0.24 0.24
Traditional system 0.9 1.0 1.0 1.1 1.1

* Fields partialy destroyed by late floods.

Challengesand Conclusions

Theintervention of Japanese researchersand ingtitutions through
the sawah technology no doubt had some profound effect on the
transformation of therice production in Nigeriaand Ghanaduring
the past years of operations but it was not without some
shortcomings. Budgeted funds were not always targeted at the
farmersand field facts. This affects the spread and the intensity
of the sawah technology. The allocation of these funds was also
given to multiple organizations working on the same purpose of
improving rice production in SSA. Another major lesson is the
realization of lacking manpower to effectively understand and
disseminate sawah technology. The procedure for initiating and
conducting research in the African setting also had to be carried
on board for effectiveimplementation.

One of the mgjor challenges for sawah intervention project is
the problem of land tenure. Asfarmersredlizetheincreaseinyield
from adopting sawah technology, land owners either increased
their rent on land or simple refuse to renew the tenancy periods
on such inland valley #. Another is the need to develop from a
fragmented hol dingsto acontiguous one, the continued waste of
energy and time used in treking along distance before getting to
different rice plotscan be reduced and moretime could beavailable.
Power tiller whichisamajor component in the sawah technology
package is very expensive and availability is hindered by the
agricultura implement importation policy in SSA. Thesawahrice
production technology has afford us the awareness that more
hectares of lowland can be put into rice production within ashort
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time and till be sustained effectively and efficiently with high
yield sufficient enough to herald the much awaited Green
RevolutioninWest Africa.
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