Bintu and Her New Rice for Africa:
Breaking the shackles of slash-and-burn farming
in the world’s poorest region

West and Central Africa, the world's poorest region.
More than half of the population survives, somehow,
on less than one US dollar a day.

Thisis Bintu. She'stypical of 20 million rice farmersin

Most of the rice farmers are women, who are bound to an
environmentally degrading, slash-and-burn farming system,
with shifting cultivation.

Bintu farms about 1 hectare in southern Cote d' |voire.

Like her ancestors, Bintu clears brush from new land, then
plants upland, or dryland rice. She burns the brush,
temporarily releasing nutrients into the fragile soil. Bintu then
plants rice seeds by hand in the ashes. She uses neither
fertilizer nor pesticides, and produces less than 1 tonne per
hectare. Bintu harvests the crop panicle by panicle, with
whatever help she can find. Nutrient-robbing weeds grow
faster after each harvest. After two or three crops, Bintu must
move on, to clear new fields.

Traditionally, farmers like Bintu left the land fallow for 10 years or more, before returning to clear
and plant it again. But Bintu doesn’t have that option. Too many mouths must be fed. The population
of her village, like villages across West and Central Africa, isgrowing by an incredible 3% per year.

And the increasing size and number of villages are
making new land increasingly scarce.

So Bintu must return to burn and plant the same
land again after only 3 or 4 years. That's not enough
time for the soil to recover itsfertility. And Bintu
can't stay ahead of the weeds, which grow 70% more
aggressively on land re-cleared after such a short

fallow.

After one or two harvests, Bintu moves on to
repeat this vicious and seemingly endless cycle of

ecological destruction and poverty.




But anew type of rice, tailored specifically
for Africa, may break the shackles of dash-and-
burn rice farming. Scientists call the new type
NERICA, for NEw RICefor Africa.

The NERICAs are also sometimes called
inter specifics, because they bridge the genetic
L T, ik ' gap between the two distinct species of rice.
ifff»;f T’_ A e el ] They have aradically different plant type that
T o | G S v combines the hardiness and weed suppression
' of the African rice species with the productivity
of therices of Asia.

The new ricesfor Africa are spreading faster
than any new farm technology, ever, in Africa.
Twenty thousand farmersin Guinea are growing
them on 5000 hectares.

The NERICA seeds offer hope for Bintu, for
millions of poor farmers like her, and for
countless others who struggle in urban squalor,
spending most of their meager income on rice.

Thisisthe story of Bintu, and the New Rice
for Africa.




Rice in West and Central Africa

Nowhere is the struggle for food more
desperate than in West and Central
Africa—home to 240 million, one of
every three persons on the continent.

“Keep in mind that ‘food’ means ‘rice’
for many people in West Africatoday,”
says Dr Kanayo F. Nwanze, director
general of the West AfricaRice
Development Association (WARDA),
based in Céte d’ Ivoire.

“lronically, rice was considered a
luxury food only two decades ago,”
Nwanze adds. “ Today, it's the staple. Rice
now contributes more calories and protein
than any other cereal in humid West and
Central Africa, and about the same as all
roots and tubers combined. Demand for
riceis growing faster here than anywhere
in the world.”

In three decades, rice imports have
increased over 12 fold, to about 3.2
million tonnes ayear, at a staggering cost
of US$1 billion. That’sacruel price for
the most impoverished region on earth.
And demand for morerice is growing by
5% every year.

Urbanization and population growth
fuel the increasing demand. Asrural
people migrate to the towns and citiesto
find work, they take more meals—mostly
rice—in the markets and at workplaces.
Women who enter the workforce use
more rice because they can prepare it
quickly and easily.
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Rice Trends in West and Central Africa

— Local supply - Importations — Total consumption

Why Bintu?

There are about 1.64 million hectares of
rainfed upland rice in West and Central
Africa, employing about 70% of the
region’s rice farmers

Some 80% of the upland cultivation is
slash-and-burn agriculture

The majority of upland rice farmers in the
region are women

The major labor-intensive activities in
upland rice cropping—namely, land clear-
ing, weeding and harvesting—are mostly
carried out by women and children.




About 40% of West Africa’s 4.1 million hectares of rice is upland, or dryland, grown like maize.
And 80% of the upland rice is slash-and-burn, like Bintu farms.

Each slash-and-burn crop produces less than before—and puts still more pressure on afragile
ecosystem.

Bintu and the rices of Africa and Asia

Bintu and fellow farmers have no choice but to continually clear land, grow afew crops, and move
on to clear still more land. The types of rice currently available force them to continue this system.

Bintu can’t grow the high-yielding rice varieties that have revolutionized production in Asia. The
semi-dwarf varieties don’t compete well with African weeds, or tolerate drought and local pestsin
rainfed farming systemsin Africa. And African farmers are far too poor to invest much in pesticides,
herbicides, or fertilizers.

Instead, Bintu grows atall variety of Oryza sativa, the Asian species of rice that entered Africa
500 years ago. HerAsian rice variety produces afair amount of grain, but growing it means
continually clearing new land to stay ahead of weeds, its main enemy.

Bintu also grows asmall plot of a special rice that her mother, and grandmother, grew. She calls it
malbe, but its scientific nameis Oryza glaberrima. It evolved in Africaas adistinct rice species.
African farmers have grown glaberrima for more than 3500 years.

Weeds aren’t much of a problem in Bintu's strange-looking African rice. Glaberrima grows fast,
covering the ground quickly, and its wide, droopy leaves shade out, or smother weeds. The African
rice needs little care, and resists the drought and pests that make Asian rices hard to grow.

Bintu especially likes how the African rice tastes. It’'s adelicacy, served at village festivals and
weddings.

But Bintu could never feed her family by growing glaberrima, much less sell surplusricefor a
profit. Her African rice yields abysmally low, because it lodges, or falls over, when grain headsfill. It
also shatters easily, wasting more precious grain.

So Bintu's African rice is now aluxury—but to feed her family, she's bound to the Asian species,
and to slash-and-burn farming.

For years, scientists have wanted to combine the ruggedness of the African rice with the
productivity of the Asian species. But the two species evolved separately over millennia. They are so
different that offspring from their crosses have been sterile. Efforts to combine their best genetic
traits awaysfailed.

Until now.



Genetic treasures hidden in seeds

In 1991, Dr Monty Jones led ateam of scientists at the
West Africa Rice Development Association (WARDA) in
anew breeding effort to unlock and combine the genetic
potential of the Asian and African rices.

Key to the effort was WARDA's rice gene bank of
16,000 rice varieties which are preserved as seed in cold
storage, duplicated at the International Institute for
Tropical Agriculture (1I'TA) in Nigeria, and the
International Rice Research Institute (IRRI), Philippines.

Among the preserved varieties are 1500 O.
glaberrimas, like Bintu grows. Many of those hardy
glaberrimas would be extinct, had their seeds not been
collected and preserved, because African farmers had
abandoned them to grow their distant Asian cousins.

“Genetic treasures are hidden in these seeds,” Jones
says, holding a handful of glaberrima seeds from the gene
bank.

Afield of Oryza glaberrima, the African

species of rice. Note how the strange- The WARDA team would unlock those treasures, and

looking rice lodges, or falls over. put them to work, to improve the lives of farmers like
Bintu.

Breeding strategy

Jones and his group used molecular biology to overcome sterility, the main problem in crossing the
species, and to speed the breeding process. WARDA made ‘wide crosses’ of the African and Asian
rices, then removed the fertilized embryos by embryo-rescue, and grew them in artificial media.

Breeders then backcrossed the progeny, twice, to the Asian parent to recombine the genomes, or
genetic backgrounds, of the distinctly different species. Backcrossing allowed introgression, or
mergence, of useful genes such as those that control the wide, droopy leaves, from the rugged O.
glaberrimas into the more productive O. sativa background.

Anther-culture helped the breeders ‘fix’ progeny lines rapidly, and retain recombinant lines—with
the combined traits of both the African and Asian parents.

“With conventional breeding, the progeny of across ‘segregate,’ providing large numbers of
different plant types,” Jones explains. It then takes five to seven generations to isolate and purify, or



Hybridization scheme for the production of NERICAs
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select, aline with adesired combination of genetic traits. For upland rice, that can mean 5to 7
years—because usually, only one crop per year can be grown.

“With anther-culture, aline can be selected after only one generation, and a new variety can be
developed in 18 to 24 months.”

By the mid-1990s, WARDA scientists were testing the NERICAS, the new rices for Africa, in
rainfed conditions.

Traits of the new rices for Africa

Genetic differences in the two species made breeding difficult. “But those differences also gave the
new rices high levels of heterosis or hybrid vigor,” Jones says. Heterosis is the phenomenon by
which the progeny of two genetically different parents grow faster, yield more, or resist stresses better
than either parent.

A higher yield ceiling. The NERICAs have raised the ‘yield ceiling’ of upland rice by 50%. The
maximum potential production for upland rice was previously estimated at 4 tonnes per hectare. The
new rices can, in the best of conditions, produce 6 t/ha.

“That gives us new goals to shoot for,” Jones says.



“Infarmers’ fieldsin Guinea, the NERICAS
areyielding as high as 2.5 tonnes per hectare
with few inputs. A few farmers are harvesting 5
tonnes or more with just minimum increase in
fertilizer use,” Jones says. “We're talking about
25% to 250% production increases.”
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The new rices are taller than O. glaberrima,
which makes harvesting easier—especialy if
the farmer has a baby strapped to her back.

Weed suppression. Weeding accounts for 30
to 40% of all labor invested in a crop. Women
and children do most of the weeding.

i —
‘Papa NERICA,” upland-rice breeder Monty Jones
assesses ‘ his babies' in the field.

The NERICASs have wide, droopy leaves,
inherited from their African parent, that smother weeds in early growth. That reduces the need for
weeding, and allows farmers to work the same land longer, rather than constantly clearing new land.

However, those droopy leaves grow erect, like leaves of
the Asian parent, when the new rice enters the reproductive
stage, where grain is produced. The erect |eaves capture more
sunlight and increase photosynthesis, and grain production.

Stems of the new rices are strong, so they can support
heavy heads of grain without falling over. The new rices
produce morettillers, with longer grain-bearing panicles, than
either parent. Like O. sativa, the new rice holds the grains
tightly, not allowing them to shatter to the ground.

Panicle structure. WARDA also changed the structure of
the panicles. Main branches from panicles of O. glaberrima
hold only single grains, so each produces only 75 to 180
grains. Main branches on the Asian rices produce several
‘forks,” each holding 3 or 4 grains, so a panicle may produce
250 grains. The NERICAs inherited the forked branches and
thus, with their longer panicles, can carry more than 400 Oryza glaberrima shades out, or
grains. smothers, weeds.




Heterosisin action: the NERICAs
248 grains 443 grams |10 RIS inherit panicles with secondary
W, branches from the Asian parent
(Oryza sativa), but produce consider-
ably more grains than either parent.
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Shorter growth duration means sustainable double cropping. The NERICASs also change the
growth duration of upland rice. Typical upland rice varieties maturein 150 to 170 days. Improved
semidwarfs, in Africa, mature in 120 to 140 days. But the new rices mature in 90 to 100 days.

The shorter time from seed to seed allows farmers to grow two crops during one rainy season. The
second crop can be alegume such as mucuna or soybean.

“Double-cropping with alegume is a beautiful system for
upland rice,” Jones says. The profuse growth of the legumes
smothers out weeds. That also means fewer weedsin the
next rice crop to follow.

After harvest, the farmer can slash and incorporate the
legume into the soil—adding 60 kilograms of nitrogen per
hectare.

Yields of rice grown after legumes are 30% higher than
yields of rice grown after anatural ‘weedy’ fallow.

With the rice-egume system, farmers can remain on the
same land (because it's now more productive), rather than
leaving their weed-choked and nutrient-depleted fields after a -
few crops, to clear more land.

Monty Jones examining NERICA lines

Each hectare of well-managed rice-legume rotation with,Dr Amir Yacouba Sido of Niger's
‘saves 4 hectares from the machete. Projections on the National Agricultural Research
spread of NERICAs and legume-fallowsin theregion, based i




on figures available in 1998, suggest that by 2010 Projection of land saved by use of
the total area of land saved will be about 15,000 NERICAs and legume-fallows
ha—that is, if NERICAs and legume-fallows were
not used, then an extra 15,000 hawould have to NERICAS = Logume
be brought under rice cultivation to produce the 5 s e Fele
same amount of rice (see graph). pd B NERICAS

The Japanese NGO Sasakawa Global 2000 is
promoting the system of double-cropping
NERICA rice and food legumes in Guinea and
Nigeria
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Drought tolerance. Almost 80% of West Africa’srice land depends entirely on the fickle rains for
water.

Therugged O. glaberrimas, which have survived in West Africafor millennia, have evolved a
remarkable ability to resist and avoid drought.

“The plants go into a state of low metabolism when drought stressis severe,” says Dr Alain
Audebert, WARDA plant physiologist. “A field of glaberrima may look dead—nbut then it recovers
quickly when therainsfinally come.”

Specific morphological traits help the glaberrimas avoid drought. Their leaves and roots, for
example, are thinner than those of sativa.

“Put a glaberrima under drought stress, and itsthin leaves ‘roll’ quickly, to retain water,”
Audebert explains.

The thin roots make glaberrimas good ‘ soil explorers,” Audebert says. “One gram of glaberrima
roots has a combined length of about 150 meters. A gram of sativa roots is about 100 meters long.

“The glaberrima roots come in closer contact with moisture that clings to soil particles, and can
extract it for the plant’s use.”

When the rains come after drought, the glaberrimas can recover faster, because replacement of the
thin leaves and roots requires less water and nutrients.

The NERICASs have inherited the thin leaves and roots of O. glaberrima.

Four new NERICA lines have shown good drought resistance, out-yielding their traditional O.
glaberrima and O. sativa parents, as well as the resistant check variety, in drought screening at
Korhogo, in the savanna zone, and M’ bé, in the transition zone of Céte d’ Ivoire. Plants were stressed



37 [ Kohogo  mm= Mbé  —4— Drought 6 at the critical maximum tillering stage, when
27 1s they need water to build new leaves, stems and
roots, and at the reproductive stage, when grain
production starts.
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ment of the effects of drought on the plantsin the field.
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Acid-soil tolerance. Most soils are acidic in the humid zones, where impoverished farmers grow
70% of West Africas upland rice.

“ Adding chemicals to make the soils suit the rice plant is not possible,” says Dr Kanwar Sahrawat,
WARDA soil chemist. “Instead, we' re changing the plant to suit the soil.”

WARDA is screening more than 8000 rice lines, including about 400 NERICAS, for tolerance to
acidity in highly acid soils at Man, in western Cote d’ Ivoire. Half adozen NERICASs have been
selected that grow normally, and give acceptable yields, in soilswith apH aslow as 4 (7 is neutral).

Use of indigenous rock-phosphate. The humid forest soils are also severely deficient in
phosphorus. Their high levels of aluminum and iron converts them into an insoluble form that the
plant can’t use.

West Africa has vast rock-phosphate deposits. Millions of tonnes are mined, powdered, and
shipped abroad.

Unfortunately, plants can’t use the phosphorus in mined rock-phosphate, because it’s not soluble.
Rock phosphate is converted to phosphorus fertilizer through reaction with acids.

“The acidic soils, where most upland rice is grown, can trigger the same conversion,” Sahrawat
says.

WARDA soil scientists are testing rock-phosphate from Mali as an alternative to expensive
commercia phosphate fertilizersin trials in the humid forest soils of Man and Gagnoa, in Céte

d’lvoire. Rice varieties vary in response, but the new NERICA s react best to rock-phosphate
application.

10
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The most resistant variety, however, was
Cisadane, a sativa from Indonesia. Itsyields
averaged 2.5 t/hain farmer-managed trials
across Nigeria. Cisadanewas released in
Nigeriaas FARO 51 in 1998.

Root-knot nematodes are the most
prevalent pests of tropical agriculture. Plants
that produce proteinase inhibitors—natural
proteins that the plant produces to interfere
with the digestive enzymes, or proteinases,
of feeding insects—are being developed in
African rice gall midge: galls produced by larvaeon rice ~ cooperation with the John Innes Centre and
plants and (inset) adult midge. the UK’s Department for International
Development (DFID).

Although essential to the nematode digestive system, the proteinases are not found in mammals.
In fact, millions of people have consumed the proteins for thousands of years through rice.

John Innes scientists are transferring the genes that control digestive disruption into NERICA
lines, giving them a self-defence system against nematodes. Egg production is halved in nematodes
that feed on such plants. Field trials of the new plants will begin soon.
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Rice yellow mottle virus (RYMV) is the most serious
ricedisease in Africa. It isamajor production constraint
inirrigated and rainfed lowland systems. Most resistant
varieties identified in the past have been upland rices,
including glaberrimas, that yield poorly inirrigated
conditions.

Inirrigated trials where rices were deliberately infected
with yellow mottle, 78% of the new rices were found to be
resistant. Only 13% of the other ricesresisted the virus.

A strategy similar in concept to human vaccination,
called homol ogy-dependent resistance, is being tested for
non-chemical control of yellow mottle in cooperation with
the John Innes Centre and DFID.

Fragments of the virus' genes, introduced into rice,
render the plants resistant.

Theresistant varieties must be field-tested and certified for biosafety before they are ready for
farmers’ fields. The resistant material will also enter into rice-breeding programs in order to
‘pyramid’ the transgenic resistance with natural resistance genes from O. glaberrima and O. sativa
that will have been tagged with molecular markers (currently being developed). In thisway, the basis
of resistance would be broadened and thus more durable (that is, it will work longer in the field).

Screening for resistance to rice yellow
mottle virus.

Blast, the region’s other major disease, affects mostly upland rice. The NERICAs generally resist
blast better than other varieties. Adaptation to acid soils seems associated with resistance to both
blast and sheath rot.

Higher protein content. Rice consumption isrising rapidly in West and Central Africa. High-
protein rice will automatically improve daily dietsin aregion where the need for body-building
proteiniscritical.

Most varieties of O. sativa have 7 to 8% protein. Some sativas have 11 or 12% protein—but their
yields are unacceptably low.

Protein content in the low-yielding O. glaberrima varies, but may reach as high as 15%.

For years, breeders have tried to increase the protein content of O. sativa by crossing high-protein
and high-yielding varieties. But there has been a negative correl ation between the two objectives. As
protein content rises, yields decline. Get yields back up, and protein drops.
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Protein content was measured in NERICA 50
progeny of crosses of CG14, atraditional 401
glaberrima, and WAB 56-14, a sativa. Both parent
varieties average 8% protein. More than 70% of
the progeny had more protein than either the
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African or Asian parent. Almost 40% had from 9 o R O o . —
to 10.5% protein, and 43% had 8.5% protein. Protein content (%)
That extra protein can vastly improve the O cota [ waBS6-104

nutrition of poor families that depend mostly on
ricefor their daily food.

Unlike the sativas, the new rices do not lose significant protein with higher yields.

The protein content of O. sativa, O. glaberrima, and NERICA rices was compared at yields of 2.5
t/ha, about average for irrigated ricein West Africa, and at 5 t/ha by Dr Hideo Watanabe, WARDA
grain quality specialist, and Dr Koichi Futakuchi, WARDA ecological physiologist.

The sativas generally maintained 7 to 8% protein levels at both 2.5 and 5 tonnes.

The glaberrimas varied greatly at 2.5 t/ha, but generally had 10 to 14% protein. Only afew
glaberrimas could produce 5 t/ha, but those that did had about 11% protein.

The NERICAs had 8 to 10% protein at 2.5 t/ha, and averaged 9% protein at 5 tons.

Grain quality of high-protein cerealsis usually considered inferior. Fifty high-protein NERICA
lines have been identified that have acceptable grain quality, and yields of 5 t/ha under rainfed
lowland conditions.

“Overcoming hybrid sterility barriers and the successful introgression of adaptation
and tolerance genes from African rices (Oryza glaberrima) into the high-yielding rices
of Asia is a major scientific breakthrough in rice improvement. This achievement at
WARDA will have a major impact on rice production not only in Africa, but also in Asia
and Latin America.”

—Emil Q. Javier, Chairman of the CGIAR Technical Advisory Committee,
in a letter to the CGIAR Chairman, Ismail Serageldin, 20 April 2000
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NERICA Characteristics

Resistance to local stresses
Rapid vegetative growth
Weed suppression

Grain quality

Lodging resistance
Non-shattering grains
High yield

With such a suite of impressive characteristics (see box), WARDA has opened a gold-mine to
the world of rice science.

Molecular mapping

WARDA is using molecular biology to identify and localize rugged glaberrima genes, and
follow their transfer into the higher-yielding sativa background of NERICA lines. NERICA lines
selected for molecular study include those that perform well in farmers’ fields because they have
inherited glaberrima genes for wide, droopy leaves, drought tolerance, resistance to rice yellow
mottle virus and blast diseases, grain quality, and tolerance of acid soils.

This molecular study will help us both exploit and conserve the genetic potential of
glaberrima, says Dr Marie-Noélle Ndjiondjop, WARDA postdoctoral fellow in molecular
biology.

“It will help us understand the mechanism and the genesinvolved in the reproductive barrier
that makes the two species difficult to cross,” the Cameroonian says.

“It will also increase biodiversity by getting new genes onto farmers’ fields, faster—and into
the crosses that will produce varieties of the future.”

Genome-mapping enables ‘molecular screening’ of progeny of glaberrima x sativa crosses.
“We can select plants with those genome segments that carry the key genes. That will make
selection faster, and more effective,” Ndjiondjop says.

14



N M m M Ru159 [| @@ 5 n M n
Rugs || @@ 3 RM109 | (@ @ 5C RN | | @@ 4C RM1%0 ||@< 4 RMsL ||@@ 7 RV ||@@ 26 W w2z ;’ f“"’ RMZE6 || @ @ 6
RMZ0| | @@ 36 RM236 | @ @ 3G rRuz |[O@ 3 RM3S (@@ 5  RM26 | @& 3
RVML | @@ 4 RM211 | @@ 3 RMZ3L s RM%l | @@ 66 RV | | @@ 26 RMIs2 || @@ 4
RM233al (L2 RM219 ||[@ @4 RMz9 36 . e
RM1S1| |@ @ 8.G o A RM3L1 K P 5
e lee M3 o s RM38 ®® 26 o ©< RM167 ||@ @ 5 RM27 |[@@ 5
RM259 .z 6G RMS | @& 5 RIS | |@ @ 36 RM204 ||@ @ 5 . '
RM213| |@ @ 7.C °s rum||@@ 36
RuZ | |@@ 46 RM174 | | @ @ 36 RM7 T RM225 :: o . RM260 o‘ 4 ruon o 2
i RM218 | (@@ 8G RM19 ||O@ 4 RM169 || @@ 3 ';m?ﬁ? 24 o RM2 o® 2 RM257 | @@ Rvs | @@ 3 RM22 | (@@
avzo @@ 3 RM324 .z 4G RMZ2 || @@ 5 wuzo || @@ 56 ' v | (0@ 5 . I.’ , R oY X
" RM27 3 { RM11 5 ” b
] id RU2L @@ 5C ruzx: ||@@ o Rmise | 0@ 2 i e |.‘ N RM21 | |@@ 5 iz | @@ 40 || @@ 3 Rupo | O 3
RMY ||@ @ 76 RM164 || @@ 6  Ruxsh | @@ 7 Mo || @@ 3
RM5 ||@@ 7 RM262 | @ @ 4G RM22 | (@@ 4G RMZS | |@ @ 36 ] o | oo 2
vl || @@ 5 Rus | [@@ 4 [NEO 2: 4, Ruz)|@S 7 RMISO | @@ 46 puzs @@ sc RV (|0@ S
- RM235 6G
RM216| |@ @ 5 : RM3S | @@ 26 R0 ||@@ 66 RM25 | l@@ 4 S RU26 || @ & 7 (24
RM263 | l@ @ 7 RMI6 | | @@ ¢ RM233b || @ @ 5 avzts | @@ 46 M3 (@@ RS | |@@ 06
RMAT | @@ 4C cuoo ||@@ 6 RM234 .: ° RMZ6 (@ @ 2 RM25 | |@@ 5 oS 2
RM178 || @@ 4 s RMB | @@ - RM&) o U
= RM162 B 6
v | @@ BC  ruzi | @@ 4 .o vz |[@@ s RM2e | (@@
RM212| (@ @ 55 Rmise | (@@ 4 RM31 7 oo s U
RM254
RM6 a RMS5 56 RM34 || @@ 3
e oo RM28 | (@€ 5
RM315 | | @ AG
* RM250 | [O@ 2 u
Ruzs ||@ @ 5 RMus | [O@ 3 . . )
R 835 © Genetic link; bet O lab dO
E- 4 wiss |[0 2 enetic linkage map ween Oryza glaperrimaan .
RM227 | @4 4G ) ) X I: J Ell: ( ) . q)
indica (diamonds) developed at Cornell University.

Blue indicates polymor phic, and white monomor phic
markers.

She points out how gene-mapping is helping in the utilization of genes that convey resistance to
rice yellow mottle virus, one of the most serious rice diseases in irrigated rice across Africa.
WARDA identified Gigante, atraditional sativa that is grown in Mozambiqgue, as highly resistant.
The gene that conveys that resistance has now been mapped, in cooperation with France's Institut de
recheiche pour le dével oppement.

“We're now transferring that resistance gene into popular—but virus-susceptible—irrigated sativa
varieties,” Ndjiondjop says. “We' re doing the same with resistant NERICAS.”

WARDA is cooperating with Dr Susan McCouch of Cornell University, USA, in astudy to
characterize the genetic diversity of 200 glaberrimas from the WARDA germplasm collection, using
microsatellite markers. The genetic markers will be used to guide breedersin a molecular breeding
strategy. The accessions reflect the wide range of agroecologies where glaberrima is grown. Another
goal isto identify duplicate accessions, to make a‘cleaner’ core collection.

Farmers participate in rice varietal selection

Farmers are partners with scientists in the tailoring of new varieties to suit their own needs. That's
partly why the new rices for Africaare spreading so rapidly across the region. Technology spreads
quicker, with more impact, if farmers have an input early in its development.

Scientists don’t give farmers finished varieties to grow through the novel system of adaptive
research. Instead, the farmer is asked to participate in the selection and refinement of varieties.
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Participatory varietal selection, or PVS, puts subsistence farmers, especially women, ‘upstream’ in
technology devel opment.

The process reduces the time required to move varieties onto farmers’ fields. It teaches scientists
what traits farmers value in varieties—knowledge that can be used in planning strategies for future
varieties. And it helps determine gender differencesin desired traits—vital information, because
women do most of the rice farming.

WARDA first tried participatory research on asmall scale in an areawhere farmers still grew
traditional varieties around Boundiali, northern Céte d’ Ivoire in 1996.

The Boundiali experience encouraged WARDA to take the participatory approach to other
countries. Guinea sent 10 specialists to WARDA for training in 1997. Back in Guinea, the 10
specialiststrained 25 others. By 1998, more than 1300 Guinean farmers were involved in
participatory research. The concept soon spread to Ghana and Togo.

In early 1998, WARDA decided to take the concept to al of its 17 member countries. An 8-day
training workshop was held to teach the participatory approach to specialists from six more
countries: Benin, Burkina Faso, The Gambia, Guinea Bissau, Nigeria, and Sierra L eone.

Thus, the 1996 Boundiali experiment led to the model that national programs now follow across
West and Central Africa (see box, page 17).

Farmers growing seed for farmers

The PV Striasintroduce NERICAs and other improved rice varieties to pilot African communities.
But supply can’t meet demand as word spreads among farmers that the new rices yield higher with
fewer inputs, and require less weeding.

Larger-scale seed multiplication and distribution is a serious bottleneck to the spread of any new
crop variety in Africa. National seed systems simply lack the staff, equipment, and funding to assure
farmers an adequate supply of quality seeds on aregular basis.

Yet 1 kilogram of seed, if properly managed, yields at |east 20 kg of progeny seeds that other
farmers can plant.

Farmers grow seeds for other farmers—and to make a profit from the 2000% increase—through
the community-based seed production program.

“The community-based program is suited to the African culture, because farmers have grown and
supplied seeds to other farmers for centuries,” says Dr Amadou Moustapha Beye, WARDA
technology transfer agronomist.
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Participatory Varietal Selection

Participatory varieta research isa 3-year exercise. First, scientists put together a ‘rice garden’ of about
60 varieties to grow on an innovative farmer’s field.

NERICAs are included in the rice garden. So are traditional strains of O. glaberrima; the varieties
that local farmers like best, whether sativas or glaberrimas; and the most popular varieties from across
West and Central Africa.

Both men and women farmers from nearby villages are then encouraged to participate in the
research by visiting the rice garden as often as possible.

Three ‘formal’ visits of the farmers as a group are organized.

The first visit is at maximum tillering, the most vigorous growth stage. The farmers compare traits
like how fast the different rices grow, how well they shade and smother out weeds, and how they stand
up to insects and diseases.

The farmers choose their favorite varieties—and more important, tell researchers why they like each
rice. Men and women are interviewed separately. Women do most of the rice farming in West and
Central Africa, aswell as prepare the meals, so special care is taken to get women'’s views. Often,
women interviewers are used to get women'’s views. That helps eliminate male bias.

The farmers return for a second formal visit
at maturity stage, just before harvest. They
evaluate such traits as plant height, panicle
structure, rapid growth, and pest resistance. The
farmers once again select their favorite varieties,
and tell the surveyors why.

The third visit is for the post-harvest
evaluation. At this stage, farmers compare traits
such as grain yield, grain quality, broken grains,
ease of dehulling, cooking time.

Women and men sometimes prefer the same
varieties, but for different reasons. Women, who
are responsible for feeding the family, often
choose varieties on the basis of yield. They also
like varieties that dehull easier. Men give higher
value to taste. Also, partly because men usually
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control money for farm inputs, the males like varieties that
perform well with little fertilizer.

In the second year of participatory selection, farmers are
given seeds of their five favorite varieties to grow on their own
farms and compare with local varieties. Farmers are asked to
pay for their favorite seeds in the third year. Willingness to pay
for seeds of new varietiesisindicative of achangein farmers
seed portfolio and adoption of new varieties.

WARDA and national programs compile the traits, or
selection criteria, by which farmers value the varieties. Those
become breeding objectives for future varieties.

Béye helped devel op the program at Senegal’s Institute for Agricultural Research (ISRA), and has
improved on it in Cote d’ Ivoire and Guinea

Community seed production teaches farmers how to produce better seed for their own use, and to
exchange or sell excess seed to other farmers. It shortens the time required for seed to reach farmers.

“Rather than bring in a new system, we build on the seed production practices that farmers have
passed down, generation to generation, for centuries,” Beye explains.

First, the agencies identify farmers or farm organizations that want to multiply and sell seeds.
They then organize farmers’ field days on matters like removing ‘ off types’ to purify seeds.

“Farmers learn how to select and harvest the best panicles for seed increase—before harvesting
for food,” Béye says.

The farmers also learn to avoid seed mixtures during harvesting, threshing, winnowing, and
storage; how to dry seed properly; and how to test for seed germination.

Community seed production is now spreading to the other WARDA member countries, with
support from the United Nations Development Programme (UNDP) and the World Bank.
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Spread of NERICA seeds—and hope—in Africa

Community seed production is catalyzing the spread of NERICA rice varieties across West and
Central Africa

WARDA and the NERICASs have been instrumental in the revitalization of the rice sector in
Guinea. See separate story on progress in Guinea on page 21.

Nigeria. To grow 150,000 hectares of NERICA rices by 2005 is the goal of Premier Seed Nigeria,
adivision of the US-based Pioneer Seed Company. Plans are underway to accel erate the release of
three major varieties that farmers have selected. Training in community seed production began in
2000.

The Gatsby and Rockefeller Foundations, and USAID help fund the program for Nigeria.

Cote d'Ivoire. Projections of Projet National Riz, the national extension agency, are for 500 ha of
NERICA coverage in 2000, and 7000 hain 2001. Céte d’ Ivoire will become the first country to
officially release NERICA varieties, for planting in 2000.

The WARDA Region. The Gatsby Foundation is supporting PV S in Ghana, and the Rockefeller
Foundation in Mali.

“1"m optimistic about the spread of the NERICAS,” Béeye says. “We have agood start, with tonnes
of seeds going to farmersthrough PV Strialsin al 17 WARDA countries and through community-
based seed production.

“At this pace, by 2005, the NERICAs may cover most of the rainfed upland rice land in West and
Central Africa. A Green Revolution is already in the making in Africa.”

Between 2000 and 2004, thirty-seven new varieties are expected to be released for the uplands,
including low-management NERICAs. Many of these varieties have shown productivity gains of
24% over local varieties in widespread farmer-controlled evaluations. The financial value of such a
gainin just Guinea, Cote d’Ivoire and Sierra Leone, assuming a 10% adoption rate, would amount to
nearly US$ 8 million per year, and nearly US$ 20 million at 25% adoption rates.
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“We at WARDA are looking at something much bigger than ssimply anew rice variety,” explains
Kanayo Nwanze. “The NERICA rices form a platform for agricultural development and economic
growth. We have visualized this platform [see figure, page 20] and see three clear routes to our
overall goal of reduced poverty, food security at household, national and regional levels, and socio-
political stability. These routes start with the increased yields attributable to NERICA, their reduced
requirement for labor, and their improved protein content. These advantages all lead directly, or
indirectly, to increased income for the farmers' families, and thus to our overall goal. | for one am
proud to be associated with this technology.”

A Platform for Development and Economic Growth
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Programme pilote de transfert de nouveaux plants de riz pluvial dans les
différents ecosystemes de la Guinée

(Pilot Program to Transfer New Rice Plants to Rainfed Ecosystems in Guinea)

The Partners

B Service national dela promotion rurale et de la vulgarisation (SNPRV)—the national
extension service in Guinea

B [nstitut de recherche agronomique de Guinée (IRAG)—the national agricultural research
ingtitute in Guinea

B Guinean farmers

B West Africa Rice Development Association (WARDA/ADRAO)—international
agricultural research center mandated to develop the rice-based systemsin West and
Central Africa

B Special Program for African Agricultural Research (SPAAR)—financial support
B  World Bank—financia support

B Sasakawa Global 2000/Guinée—Japanese-funded NGO, providing in-kind and technical
support

Introduction

Collaboration between WARDA and Guinea dates back to the mid-1970s, when research and
development (R& D) activities were conducted in the mangrove-swamp rice-growing areas of
Guineain collaboration with WARDA'’ s mangrove-swamp research station based in Rokupr,
SierraLeone. The pilot program was prompted by the visit of Moctar Touré of the World
Bank’s Specia Program for African Agricultural Research (SPAAR) to WARDA's
headquarters in mid-1996. World Bank funding was proposed to transfer rice technology to
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farmersin West Africa, with special emphasis on countries that had benefitted little from
regional R&D up to that time. Thus, the Programme pilote de transfert de nouveaux plants de
rizpluvial dans les différents ecosystemes de la Guinée was born. The Program Coordinator is
Mamadou Billo Barry of IRAG.

Despiteits small size, Guineais one of the top five rice-producing countriesin West Africa
in terms of area cropped. About 70% of Guinea'srice areais upland, for which little new
technology had been developed. The NERICAs were specifically developed for the low-input,
rainfed upland farming systems of West Africa, and were thus an ideal candidate for
participatory technology transfer to Guinean farmers.

M echanism of collaboration

In order to get a new technology into farmers' fields at a much earlier stage in the R& D process
than was ever considered by research organizations only afew years ago, it was essential for
researchers and extension agents from IRAG and SNPRV to work with farmersto design, test
and modify improved technologies to suit local conditions. The mechanism adopted was to run
three types of trials concurrently: over an initial three-year period, conventional on-station and
farm testing (Unités expérimental es paysannes) would be complemented with participatory
varietal selection (PVS) trials, also conducted on farmers' fields.

Initially, 10 researchers and extension agents from IRAG and SNPRV attended WARDA
headquarters in February 1997 to study varietal improvement and technology transfer, with
special emphasis on PVS. At the end of the course, the participants selected some 25 varieties
from WARDA's experimental plots, using their knowledge of Guinean farmers' preferences.
These varieties—which included nine NERICAs— were taken back to Guinea.

Back in Guinea, SNPRV organized a second training course where the participants from the
first course, along with WARDA's upland-rice breeder Monty Jones, trained 2—3 technicians
and field assistants from each of the areas where the trials were to be conducted, plus the
coordinators of the national research and extension teams—atotal of 25 participants. Here the
participants designed their plan of campaign for the first year of trials.

Farmer-managed on-farm trials were funded for two years (1997 and 1998) by SPAAR and
the World Bank. Each of the on-farm trials consisted of five small plots: three new varieties
from WARDA, one variety recommended by IRAG as ‘regional control’ and one awidely
grown local variety (local control). Farmers grew the varieties following their usual practices,
although each plot was divided into two parts, one of which received chemical fertilizer.



The three-year collaborative PVS program started in 1997 at Guéckédou and Faranah,
following the scheme outlined in a separate box. The 25 NERICAs were compared with 5
varieties chosen by farmers, SNPRV and IRAG.

The traditional researcher-managed on-station trials were also started in 1997 in Bordo and
Sérédou, with 15 varieties (5 NERICAS, 7 improved sativas and 3 local checks).

Progress
In 1997, some 116 farmers in eight prefectures completed the on-farm trials using three new

varieties each. Throughout the country, Guinean farmers experimented with eight new varieties.

In the same season, over 200 farmersin eight prefectures were exposed to 30 new varieties
through the first year of PV S. The results from the PV S and on-farm trials were broadly similar
to each other, and to the on-station trials involving 13 new varieties.

In early 1998, fourteen technicians made a second visit to WARDA headquarters, to review
the 1997 results and plan the 1998 campaign. The visit also included extratraining sessions, in
particular in pest and disease identification, scoring plant resistance to pests and diseases, seed
multiplication, and statistical analysis of trial results.

In the 1998 cropping season, farmer-managed trials were expanded to 16 prefectures and
240 farmers. Meanwhile, an additional 140 farmers were involved in the PVS, and some 200
NERICA lines were screened on-station to identify promising candidates for future farmer-
managed trials. In atotal of 356 on-farm trials, five NERICAs and one improved sativa proved
particularly popular with farmers. These selections were confirmed by the PV Strials. On the
basis of these results, the decision was taken to multiply seed and start an official release
process, three NERICASs and the improved sativa were released by IRAG to farmersin Guinea
in 1999. The NERICAs were credited for bringing increased productivity and protein content,
while also reducing labor for weeding and slash-and-burn agriculture through their adaptation
to low-input systems.

In 1999, ten new varieties underwent seed multiplication prior to the cropping season. These
comprised two local and seven from WARDA, of which six were NERICAs—all extended to
farmers through the pilot program. About 1750 kg of pre-basic seed were multiplied for the
research program and for farmer use. More than 1000 farmersin 33 prefectures participated in
the farmer-managed and PV Strials.

Sasakawa Global 2000/Guinée multiplied seed of three WARDA rice varieties under
irrigation in the dry season of 1998, and was able to establish 15 ha of demonstration plots
during the 1999 crop season.
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In 1999, the partners looked into the problem of seed production, and then requested
WARDA to conduct training in community-based seed multiplication at two sites, Kindiaand
Sérédou. At total of 62 farmers was trained in these courses.

In the dry season (off-season) of 2000, SNPRV produced about 10 tonnes of (foundation)
seed of three NERICASs on its research stations at Kilissi and Yattiah. Meanwhile, community-
based systems produced seeds at severa lowland sites. One community— Fankama— expected
to provide 40 tonnes of seed to its 150 rice-farmers for the main-season crop.

For the main season in 2000, SNPRV and Sasakawa Global 2000 have teamed up to
demonstrate the new varietiesin new areas, and for seed production. One thousand
demonstration-cum-production plots (0.25 ha each) are being established in areas proneto
food-shortages, and a further 1000 seed-production plots (0.5 ha each) are being established.
Sasakawa-Global 2000 is providing fertilizer for these activities.

Particularly promising developments in Guineain 2000 were the ongoing interest of key
donors—World Bank, SPAAR, Japan and UNDP—, and interest sparked within a private
production and trading company, SPCIA, which is now looking at complementing the work of
IRAG, SNPRV and Sasakawa-Global 2000 in scaling-up NERICAs at farm level to improve
farmers profits. A new WARDA project in Guinea— Participatory Adaptation and Diffusion
of Technologies for Rice-based Systems, PADS (which is funded by the International Fund for
Agricultural Development, IFAD, and isalso active in Cote d’ Ivoire, The Gambia and
Ghana)— is gearing-up farming communities to optimize their use of available technologies
and financial facilities.

In 2000, NERICAs will cover about 8000 ha, of which 5000 ha on 20,000 farms will be
fully supervised by SNPRV. The expected production is in the region of 15,000 tonnes, of
which one-third is supposed to be kept as seed; the production in 2000 will generate a
minimum gain of US$ 2.5 million over pre-NERICA production. The Guinean authorities
project that 300,000 tonnes of NERICA will be produced in 2002, with surplus available for
export to neighboring countries, where the demand for seed isalso increasing rapidly. The
production would be valued at US$ 69 million at today’s prices.

“At this stage in Guineawe are looking at a network,” explains Amadou Moustapha Béeye,
WARDA technology transfer agronomist. “It is not simply the NERICAS, but the whole system
from technology generation, through seed production, paddy production, rice processing and
milling, to rice marketing. All these components are being used to upgrade the rice system in
the country.”
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Annex 1. Scientific Publications on the NERICAs, or Interspecific Hybrids
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