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Dr. John Axtell

These proceedings of the West Africa
Hybrid Sorghum and Pearl Millet Seed
Workshop are dedicated to the memory of
Dr. John Axtell in remembrance of his
contribution to INTSORMIL and interna·
tional sorghurn'millet research.

Dr. John Axtell. an outstanding scien
tist, member of the National Academy of
Sciences and founding member of the
INTSORMIL CRSP died unexpectedly
on December 2"". 2000. Because his ac·
complishments are significant and ex
press the commitment which Dr. Axtell
had for international development and reo
search we in INTSORMIL are proud to
print this list of contributions toward the
improvement of grain sorghum in both
the U.S. and developing country context.

Dr. A.xtell and his students demon
strated for the first time that tannins had a
negative effect ofprotein availability and
hence nutritional quality of sorghum.
This resulted in a shift in emphasis ofsor·
ghum breeding programs around the
world towards low lannin sorghums.
Thus. almost all sorghum varieties and
hybrids developed and released for hu·
man consumption in the last 10 - 15 years
have been of the low tannin types.

• Because of the discovery of the
negative effects of tannins in hu
man nutrition. it has anracted scien
tists in biochemistry. genetics. and
food science to undenake research
on the various aspects oftannin and
phenolics in sorghum and food
products.



Dr. Axtell pioneered a successful
research program that led to the
identification of natural and in
duced high lysine mutants in sor
ghum.

• Dr. Axtell and colleagues con
ducted an array of studies which
clearly established that methods of
food preparation can have dramatic
effects on the digestibility of sor
ghum proteins. They developed the
technique for determining the di
gestibi�ity value of sorghum-based
foods, in vitro. Then using their in
vitro assay, they demonstrated that
the proteins of various cereals be
have differently when cooked, and
that the cooking process was re-

sponsible for the decreased digest
ibility in sorghum.

• Dr. Axtell made world-wide contri
butions in germplasm develop
ment. Varieties and populations of
sorghum developed by Dr. Axtell
and colleagues have been widely
distributed to national research pro
grams and international agricul
tural research centers where they
have been widely utilized in vari
etal and hybrid development.

• During his long and fruitful career,
Dr. Axtell trained many graduate
students and through their work as
scientists, his legacy extends
throughout the United States and
many foreign countries.
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FOREWARD

Sorghum and pearl millet are the most
imponant cereal crops in West Africa
wbere they pro~;de 70% of total cereal
production that proride the major com
plements in the diets of people in the re
gion. Research progress in the improve
ment of sorghum and millet is. therefore.
of vital imponance to the well being of
people in West Africa. The Hybrid Sor
ghum and Pearl Millet Seed Workshop in
West Africa is the culmination of the re
search and development effort by the
Institut National de Recherches
Agronomiques du Niger (INRAN). the
International Sorghum and Millet Collab
orative Research Support Program
(INTSOR.\1IL). and the International
Crop Research Institute for the Semi-arid
Tropics (ICRISAn during the last 10
years,

The workshop served as a forum for
documenting experience gained in the de
velopment, release. and diffusion of
NAD-I as the first commercial sorghum
hybrid in Niger. It marked a significant
milestone in the history of agriculture for
Niger and possibly for Viest Africa. The
workshop brought together sorghum sci
entists from throughout Africa. the
United States, India. and Europe, Mr.
B.R. Barwale. the 1998 recipient of the
World Food Prize who is credited for lay
ing the foundation of the seed industry in
India also attended the meeting and
shared his experience with a paper enti·
tied "Hybrid Seed Experiences in De·
veloping Countries".

The research, which was presented and
discussed, during this workshop demon·
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strated the value of the collaborative re
search model in the agricultural sciences.
This workshop has placed on record the
value of collaboration between scientists
in the national programs, INTSORMIL.
ICRISAT and the coordination effons of
the ROCAFREMI and ROCARS re
gional networks in the development and
promotion of new technologies for sor
ghum and pearI millet production and uti
lization in West Africa,

Several scientists made significant
contributions in this experience. NAn- I
was developed as a collaborati\"C panner
ship between Dr. Issoufou Kapran
(INRAN) and Dr. Gebisa Ejeta
(INTSORMIL). Dr. John Axtell. coordi
nator for INTSORMIL 'Niger led the cru
cial effon to develop a hybrid seed iodus
try in Niger. Dr. Issoufou Kapran and Dr.
Lee House (serring as IJIITSORMIL con
sultant) worked tirelessly to make the pr0

duction and distribution of hybrid sor
ghum seed a reality for Nigerien farmers.
They promoted NAn-I and demonstrated
the technical feasibility as well as the
profitability of hybrid sorghum seed in
Niger.

The production ofhybrid seed requires
a multi-tiered effort toward mO\mg from
a public seed production effort for "arietal
seed toward private sector initiatives
bener organized for producing and mar
keting of hybrid seed. In ~iger. great ef
fon has been directed toward developing
local capability and experience for hybrid
seed production and marketing. Small
farmers have been organized and trained
to become skilled seed producers. The



private sector in Niger is gradually as
suming more responsibility for seed pro
duction and marketing. The process has
been slow but deliberate and is likely to
grow setting a good example for the other
countries in West Africa.

On behalf of INRAN and
INTSORMIL, I wish to thank ICRISAT ,
ROCAFREMI, ROCARS, the McKnight
Foundation, the Rockefeller Foundation,
the U.S. Agency for International Devel
opment and Winrock International for
co-sponsoring this workshop and for sup-
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port ofinternational participant travel and
conference activities which made this
meeting a special success. As Program
Director of INTSORMIL, it gives me
great pleasure to have our program asso
ciated with this important milestone in the
history of sorghum and millet in Niger
and West Africa.

JohnM. Yohe
INTSORMIL Program Director
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Welcome Speech

Mr. Moussa Oumarou, Director General of INRAN

His Excellency the State Minister,
Honorable Director of the INTSORMIL program,
Honorable Representative of ICRISAT in Niger,
Honorable guests,
Ladies and Gentlemen:

On behalf of INRAN, I congratulate
the organizers of the Regional Sorghum
and Millet Hybrid Seed Workshop. We
are grateful to all of you, as representa
tives of the scientific and agricultural de
velopment communities, for taking time
away from your important tasks to be with
us. To all participants, we extend a warm
welcome to Niamey.

INRAN, created in 1975, is a young ag
ricultural research institute. Yet in the
Sahelian context, it has the tremendously
important responsibility ofconducting re
search aimed at improving food
self-sufficiency in Niger. Very early on,
we understood that if a significant in
crease in agricultural production was to
be obtained we needed to promote im
proved seeds. As an institute, our strategy
was based largely on collaborative re
search. This workshop gives me. there
fore, the opportunity to recognize and
thank INTSORMIL and ICRISAT for be
ing with us from the beginning and stay
ing with us as we follow the long, but pro
ductive, path of agricultural research.

Dear participants, in terms of agricul
tural research, varietal development of
sorghum and millet has probably been the
most successful venture. The latest
INRAN catalog displays more than fif-
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teen improved varieties of sorghum and
millet that are available in Niger.

Honorable guests, ladies and gentle
men, our government and international
donors have made a tremendous effon
and invested large sums ofmoney to pr0

mote the use of improved seeds by our
farmers. Yet all these initiatives have only
had only a limited impact on agricultural
production in the Sahel. This is due - in
part- to the lack of a viable enterprise in
seed production and lIllllketing. As agri
cultural scientists. the responsibility to
remedy this situation falls on us. The
value ofan improved variety will remain
rather academic as long as good quality
seed is not produced in quantities that can
cover the substantial needs at !be national
level. Improv'ing !be seed sector should
start with a unanimous recognition by
producers, consumers, extension agents.
scientists and policymakers that seed and
grain are not synonymous.

Ladies and gentlemen, 1NR.4.N has
taken steps, especially through training.
to develop and to suppon a seed sector
where quality is a key word. Infrastruc
tures have been set up to insure that spe
cialists produce good quality breeder
seed. These investments were timely in a
context where our joint effons have de-



veloped high yielding and wen-adapted
hybrids of sorghum and millet. Since hy
brids can significantly improve the food
situation and serve as a better source of
profit for commercial growers, we be
lieve hybrids can easily serve as vehicle
for a viable seed industry. The system will
be more sustainable if food products like
couscous are locally made from sorghum
and millet and are acceptable to consum
ers. This is a brief summary ofINRAN's
dynamic approach to the question of sor
ghum and millet hybrids, an approach
weB received by many of our partners.
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Ladies and gentlemen, we hope aB of
you will have the opportunity to share
your experience, and to see the results of
our coBaborative research through the
field tours. We hope these efforts will be
rightly appreciated, so that agricultural
research regains its position as the engine
for development and our institutions re
ceive the fuB and timely support they de
serve.

Once more, I wish you a pleasant stay
among us.

Thank you



Opening Speech

His ExceUency tbe State Minister Omar Idi Engo,
Minister of Agriculture and Livestock,

Distinguished INTSORMIL Director.
Distinguished Director of the ICRISAT Sahelian Center,
Distinguished Director General of INRAN,
Distinguished representatives of international organizations,
DistinguiShed representatives of farmer associations,
Honorable guests,
Dear participants,
Ladies and gentlemen:

LeI me start with the pleasant duty of
welcoming among us so many importanl
scientific personalities; to all participants
I wish. on behalf of Niger's people and
government. a wonderful stay among us.

It is my privilege to give the opening
speech at this Regional Sorghum and Mil
let Hybrid Seed Workshop. Our people
and government are grateful for the op
portunity to host such a significant event.
as this workshop is indeed in line with
Niger's strategic objectives of food
self-sufficiency.

Millet and sorghum are the most im
portant cereaI food crops in this country,
with more than 7 million hectares devoled
to these crops. Yel we face almost en
demic food shortages due - in pan - to
poor yielding varielies grown under
harsher and harsherenvironmental condi
tions. The trend is very alarming and il
makes food availability a critical issue.
since the population is growing annually
by 3%.

We follow closely and fully suppon the
effons of the National Agricultural Re-
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search Institule of Niger (INRAN), aim
ing at improving Ihe productivity of
important crops. We know that useful re
search has been conducted in the areas of
varietal improvement and seed produc
tion. In panicular, hybrids have per
formed bener than open pollinated variet
ies in the difficult conditions where millet
and sorghum are grown. And. we recog
nize thaI improved varieties are - like fer
tilizers, water, and phytOSaDitaIy prod
ucts - indispensable for high agriculturaI
productiv;ty. Therefore, we are proud to
know these results have been accom
plished in Niger. I commend the
long-term collaboration between
INRAN, INTSORMIL, and ICRISAT.
for all they have contributed toward this
success.

Ladies and gentlemen, dear partici
pants, a modem agriculture ..ill signifi
cantly contribute to the fight against pov
erty. This is a key element for economic
development in any nation. bperience in
other pans ofthe world has ShO"ll that the
availability of improved varieties and
seed marketing are crucial for modem ag
riculture. The eminent expens. scientists



and producers in this room will undoubt
edly exchange knowledge and experi
ences so that we can develop a pragmatic
approach for extending sorghum and mil
let hybrids to farmers. Your agenda in
cludes discussion on production, process
ing, and marketing ofhybrid seed, as well
as human and animal utilizations of the
grain. It is indeed essential that modern
transformation of the grain be developed
to absorb increased grain production, and
make the system sustainable.
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Dear participants, I know you are better
informed than I am about the issues de
scribed briefly here. I know you will thor
oughly analyze the value of hybrid tech
nology and seed production for us. I am
confident your discussions will produce
recommendations that we can implement
in Niger and other Sahelian countries. In
closing, I wish success to you all and de
clare open the Regional Sorghum and
Millet Hybrid Seed Workshop.

Thank you



Opening Comments

John D. Axtell

Minister of State, Agriculture and Animal Husbandry
Director General of INRAN
Director of the INTSORMIL Program
Director General of the ICRISAT Sahelien Center
Honored Invitees

Ladies and gentlemen, welcome to the
first West African Hybrid Sorghum and
Pearl Millet Seed Workshop. This work
shop represents the culmination of re
search efforts by INRAN in collaboration
with many agricultural scientists and sev
eral research organizations over the past
18 years.

I would be remiss, however, if[ did not
make special note of the imponant role
played by Dr. Issoufou Kapran and his
colleagues at INRAN and INTSORMIL.
Their bold vision for the future of hybrid
sorghum in Niger, and the exuberant
farmer response to the hybrid NAn-I at
field days throughout Niger. bolstered our
faith that we could and must overcome the
issues invohing hybrid seed production
in Niger. We are fonunate to have "pio
neer" researchers from India. Sudan,
Zambia, and Nigeria at this meeting who
will discuss their experiences with hy
brids later this morning.

The research we ",ill be discussing and
viewing this week is a monumental trib
ute to the value of the collaborative re
search model in the agricultural sciences.
Research collaboration between national
program scientists, INTSORMIL U.S.
university scientists, and the coordinated
research efforts represented by the
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ROCAFREMI and ROCARS regional
networks have resulted in the establish
ment of the first significant foothold for
the development of sorghum and pearl
millet hybrids in Sahelian West Africa In
addition. imponant financial suppon
from the McKnight Foundation was re
ceived by Dr. Kapran and INRAN during
the research and development phases
leading to the de\'elopment of l'AD-I.

We are optimistic that this beachhead
that has been established through the ded
ication and perseverance of Dr. Issoufou
Kapran and Dr. Lee House "ill grow and
spread. A solid beginning has been made.
but this is only the beginning ofwhat must
become a sustained effon throughout the
region. Many challenges must be O\'e!

come. and many issues remain unre
solved. But we are driven by the fact that
sorghum and millet are essential to the di
ets ofpoor people in the semi-arid tropics,
where drought causes frequent failure of
other crops. These cereals are most im
ponant in West Africa where they pro
vide 70% of the total cereal production.

In Nonh Africa they pro\ide 8 - 91°00f
the total staple for over:! 16 million pe0

ple. In East Africa they provide 300 0 of
the total cereal production; and in Central
and Southern Africa they provide 9 - 8500



of the total staples for over 126 million
people. In addition, they are important
crops for over 2.1 billion people in Asia,
mainly India and China.

Sorghum and pearl millet are, there
fore, the two most important cereal crops
grown to feed people living in the
semi-arid, low input, dry-land agriculture
regions of Africa and South Asia. In the
last 35 years, the area devoted to sorghum
in Africa has nearly doubled, but yields
have not increased - still averaging 800
kglha. A similar trend exists for all millets
in Africa where the area planted has in
creased by 50% but yields, averaging 620
kg ha·1and showing more fluctuation than
sorghum, have changed little. By contrast
in India during the same period sorghum
area has declined 37%, but yields have in
creased 80% (now about 880 kg ha·1

).

Likewise area planted to millets has de
creased 28%, but yields have increased
75% (now ::t:720 kg ha· 1

; USDA, 1997).
Hybrid use, and a consequent increase in
genetic research has been a major factor
in the yield increases recorded in India.
We are delighted to have Mr. Barwale at
ourworkshop to share his experience with
hybrid seed production in India. Mr.
Barwale is founder and chiefexecutive of
Mahyco Seed Company which has been
instrumental in the development of this
remarkable story in India. Mr. Barwale is
the recipient of the 1998 World Food
Prize for his pioneering work in develop
ing the private seed sector in India.

We know what the benefits of hybrid
vigor have been in other parts of the
world. We now know that these benefits
can be achieved in West Africa. We also
know that the benefits of significantly in
creased yields can cause dramatic price
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declines to the farmers for these cereals at
the farm gate. The organizers of this
Workshop give equal priority to increased
research and development efforts on the
utilization of these cereals, which allow
farmers to benefit from the productivity
increase.

The research and development efforts
on the cereal technology of sorghum and
millet grains have lagged far behind that
of other major cereals. The research on
utilization of these cereals must be in
creased if we are to provide acceptable,
value-added products to an increasingly
urbanized population. Some encouraging
research is in progress in several West Af
rican laboratories, and we must strive to
ensure that these efforts are encouraged
and enhanced. My opinion, in fact, is that
one of the greatest deterrents to increased
funding for sorghum and millet research
is the lack of delectable, convenient sor
ghum and millet products in the cities
where policymakers live.

There is a whole gamut of issues in
cluding hybrid research; training in seed
production and seed quality; financing,
marketing and seed distribution; and seed
law and government policies that need to
be discussed. We are fortunate to have ex
perts in each of these areas to help with
our discussion. But we need your exper
tise and your participation if this work
shop is to be successful. An important
start has been made, but much work re
mains ahead.

So the objectives of this Workshop in
clude seizing the opportunity provided by
the benefits of the increased productivity
of sorghum and millet hybrids, and ac
cepting the challenges of providing high



quality hybrid seed to the fanners ofWest
Africa in a timely fashion and at a reason
able cost. Experiences throughout the
world have demonstrated that this can
best be achieved by a private sector seed
industry. accompanied by appropriate
government policies. We \\ill have a road
map provided by other developing coun
tries that have faced and overcome these
challenges. How can this road map be al
tered and adapted to West African condi
tions? That is our challenge.

The huge production areas ofsorghum
and pearl millet in Africa have yet to ben
efit from the use ofheterosis. We are con
vinced that the use of heterosis or hybrid
vigor will playa major role in the next
green revolution: a dryland revolution re
sulting from increased productivity ofhy-
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brid sorghum and pearl millet cultivars in
Sahelien Africa. Let us begin this revolu
tion here and now. and let historians note
that this Workshop set the stage for signif
icant gains in the welfare ofpeople living
in the semi-arid tropical regions of the
world.

My home institution. Purdue Univ'er
sity, is also the home institution ofa very
famous American. named Neil
Armstrong, who was the first man to walk
on the surface of the moon. His comment
as he stepped out ofhis space capsule was.
and [ quote "One small step for man. one
giant leap for mankind." Let's make this
Workshop one small step toward greal
strides forward toward freedom from
hunger for all the peoples of the Sahel.



Introductory remarks

What INRAN expects from the Regional
Sorghum and Millet Hybrid Seed Workshop

Dr. Moustapha Amadou
Scientific Director of INRAN

INRAN is a young organization whose
goals are to find technical solutions to ru
ral development in the areas of crop pro
duction, livestock and fisheries, natural
resource management, and production
systems. This is a very difficult task in the
current economic crisis, especially in the
harsh Sahelian environment. Still, with a
team ofwell motivated scientists and sup
port from government and numerous re
search partners, INRAN keeps improving
its impact on agricultural development in
Niger. Production, processing, and mar
keting ofmillet and sorghum hybrid seed,
as outlined on the agenda of this work
shop, are key elements for agricultural
production.

In Niger highly productive varieties of
millet and sorghum (NAD-I) have been
developed. Now we need to adequately
produce their seeds in sufficient quantity
and good quality, as well as comply with
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technical requirements in a country which
has no modem seed company.

We also have an experimental unit for
the processing ofmillet and sorghum into
couscous (grain decortication, flour pro
duction, rolling, cooking, and drying).
This will be a useful tool for processing
excess grain production resulting from
improved cultivars.

Therefore, we are interested in hearing
the comments of the experts in this room
on how to improve the seed sector in
Niger. This is why we set up two working
groups, one on seed production and the
other on utilization, to review and im
prove our preproposals. We expect each
group to analyze their document thor
oughly and improve so that it may be sub
mitted to government and other funding
agencies.



Why Hybrids?

A. Bruce Maunder

Introduction

Agriculture and plant improvement
have evolved in rather definitive stages
during thc 10,000 years since man's orga
nized dependence on crop production.
Assuming we can now safely consider
ourselves in the Science Revolution, as
described by Plucknen (1991). being
from 1950 to the present. then we ad
vanced from an agriculture dependent on
manpower followed by animal power;
and, ofcourse. during this century mecha
nization or machine power. Al the same
time crops moved from improvement
through evolution with natural selection
to farmer selection for the most desirable
traits. This rather lengthy time frame was
interrupted by the discovery of Mendel's
Laws of Herediry at the beginning of the
20'" Century. Then plant scientists devel
oped the principles of modem plant
breeding and explained the phenomenon
ofhybridization, which has most recently
been upgraded through the newest breed
ing tool. biotechnology.

Hybrid vigor bas proven to be by far the
most productive and economically valu
able tool of this scientific revolution in
agriculture. Although maize receives
most of the anention related to hybrids.
certainly sorghum, millet. sunflower.
tice. and alfalfa have benefined signifi
cantly as have numerous vegetable crops.
Maunder (I 998). Shull in 1914 suggested
the term "heterosis.· which may best be
described as hybrid vigor. Heterosis re
sults from crossing tWO unlike plants
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(intravariery crosses) that produce a hy
brid superior in growth. size. yield. or
general vigor. The value of heterosis de
pends upon the ease ofhybridization and
cosl of seed production 10 be justified by
increased yield, as well as other agro
nomic characters being enhanced.

Advantages of Hybrids

Increased grain yield is not only a uni
versally recognized manifestation of hy
brid vigor. but represents the most signifi
canl breeding accomplishmenl for im
proved productivity. Dash. in opening
remarks at the 1983 Hybrid Sorghum
Seed for Sudan workshop related to the
first commercial hybrid for Sahelian Af
rica, Hageen Dura - I. indicated field per
formance of 158% over the local variety
under irrigation and 150". ofthe local un
der rainfed conditions in Sudan. Ejeta. at
the same meeling. explained that lest re
sults over four years favored the elite hy
brids over open-pollinated local \'arieties
in 27 yield trials by a 50". yield advan
tage. Quinby (19631 found that RS 610.
the first widely gro"'" U.S. hybrid. pr0

duced 82 percent more grain than the a\'
erage of its parents. bUI produced only J I
percent more stover.

Doggen (19671. working in Uganda.
evaluated the sorghum hybrids H" 57 and
H" 58 in 123 trials in East Afiica (Table
I) and found an average 35.80

0 };eld in
crease. Data also presented from Zimba
bwe. India. and the USA. representing an-



Table 2. Eyolution of Yield of the Principal
Cereals and Oil Crops in Argentina,
19tO-1994.

CultivAr y~ars andJ.y,Q~ I<.gha-l~
Maize 1910-50 varieties 9.00

1951-94 hybrids 57.92

Table 1. Relationship between hybrids and
____varieties (H. Doggett,1967, Uganda).

Country/ % increase No. Of
Region --------.!!Y9I!_d_ __~__
East Africa 35.8 123

Zimbabwe 53.7 64

India 34.1 76

U.S.A. 28.1 .._~__

Nature, Vol. 216, No. 5117

Sorghum 1954~65 varieties
1966~94 hybrids

·7.52
58.43

Data frorn Argentln~' Secretary of Agriculture
----

other 268 trials, ranged from 28.\ % to
53.7% in favor ofhybrids.

Sunflower 1929-80 varieties - 0.36
___.1 281 ,2ili"rid_s__....lli!!L _

Nider et al., (1995, unpublished), using
data from the Argentine Secretary ofAg
riculture 1910-1994, found an annual
gain of 57.9 kg hal for maize hybrids for
44 years compared to 9.0 kg ha' forvari
eties for the prior 41 years (Table 2, Fig.
I). Sorghum and sunflower had annual
gains of 58.4 and 43.0 kg ha', respec
tively whereas variety analysis prior to
hybrids showed annual yield reductions
of-7.5 and -0.4 kg ha' forthese two crops
(Fig. 2,3).

In the USA, yield gains ofthe 90's from
the base 10 year averages of 1930-39 fa
vor the hybrid crops of maize and sor
ghum over varieties such as wheat, cot
ton, and soybeans by five fold (5X) com
pared to 2.6X for the non-hybrid crops.
Quinby, (1973) suggested that since the
advent of hybrids, a combination of hy
brid vigor, irrigation, and better nutrition
has increased the sorghum grain crop in
the United States, from 250 to 800 million
bushels (63.6 to 203.6 million quintals).
Thus, hybrids not only bring an initial
yield gain of 20-40% but show greater
yield gains once a cultivar is hybridized.
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Besides grain number per inflores
cence other benefits from heterosis may
be equally important. Often a valuable at
tribute is earlier maturity. Work in maize
(Duvick, personal communication) and
sorghum suggests that hybrids from par
ents having similar maturity genes, will
flower in 93-94% of the days required for
the mean ofthe parents. A DEKALB Ge
netics study with 15 commercial hybrids
and their parents confirmed this advan
tage and further showed a hybrid advan
tage over the best parent of22% and 35%
of the best parent over the mid-parent av
erage. Earlier maturity from hybrids is es
pecially valuable for improved water use
efficiency, insect escape, and avoidance
of temperature extremes.

Hybrids generally result in signifi
cantly improved seedling vigor, an im
portant aspect in weed control. They also
frequently have greater height than the
tallest parent as well as more extensive
tillering. Although seed number per pani
cle, as mentioned, is the greatest factor for
increased yield, both panicle size and
panicle weight are also favored by hy
brids (Quinby, 1973). Certainly the
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Figure 3. Yield of Sunflower - Argentina, 1929-1994

higher threshing percentage, larger root
system, and frequently greater test or
grain weight are significant to improved
performance. Doggett (1967), suggests
the small increase in height, stem thick
ness, leaf area, forage, and tiller number
could together add up to quite a large in
crease in photosynthetic area. With more
floral buds/hectare than varieties, the
plant factory could always fill the extra
seeds in those florets, for a wide range of
growing conditions.

Drought and temperature tolerance of
ten permit hybrids to offer an even greater
advantage under stress. By having a
higher yield potential, hybrids illustrate a
form of improved water use efficiency.
Studies by Castleberry, et. aL (1984) sug-

gest modern maize hybrids (single
crosses vs. double-crosses or 4-way hy
brids) not only yielded more grain than
did older hybrids in low moisture envi
ronments, but exh.ibited genetic capacity
to increase this yield difference in favor
able environments. The same analogy
was found between low- and high-fertility
conditions, with. newer hybrids superior
to older ones in both fertility levels. Thus,
with both moisture and fertility, hybrids
of maize continue to provide increasing
yield stability with improving genetic po
tentiaL

From a breeding perspective, hybrids
benefit from non-additive gene action
such. as dominance and epistasis. In fact,
both parents need not be superior thus al-
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lowing for the expression of
overdominance. Hybrid improvement for
adaptation has been clearly shown with
maize when comparing increasing yield
gain and higher plant populations. Eastin
(1983) has further added, that crops that
can be hybridized stand to benefit more
quickly from a team approach (physiolo
gist-geneticisttearn) that is so critical for
improving abiotic stress tolerance.
Finally, hybrids can be upgraded by im
proving only one ofthe two parents, since
dominance frequently affects simply in
herited or qualitative traits such as biotic
stress, nutritional characteristics, and
height.

Explanation of Hybrid Effects

Heterosis results in increased size and
number ofplant parts, from a faster rate of
cell division and cell activity, thus. giving
hybrids a greater number ofcells. Quinby
(1963) reported faster cell di,;sion as the
basis of the heterotic manifestations ob
served in sorghum. Processes not in
volved by rate ofcell division, as a result,
show little effect on hybrid vigor. Those
factors developed more by breeding than
heterosis include test weight which is cor
related to days from bloom to physiologic
maturity. seed size, protein composition
and relative percent, ear placement in
maize. stay green, and biotic resistance.
Quantitatively inherited traits such as
stover. grain. and root gro",1h are most af
fected by hybrid ';gor in the first, second.
and third or final stage ofthe life cycle, re
spectively. The heterotic response a(}'
pears to increase the general metabolic ef
ficiency of the hybrid plant.

Generally, the preponderance of evi
dence supports the view that heterosis in
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maize (Hallauer. el. aI. 1988) results from
the accumulation ofloci with alleles hav
ing partial or complete dominance.
Overdominance and the interaction ofal
leles (epistasis) may be significant de
pending on the particular germplasm be
ing used. Glenn Burton (\ 966) specu
lated that sorghum breeders had not
begun to use all of the additive gene ef
fects before moving into a hybrid pro
gram, that also allowed them to utilize
dominance.

Breeders recognize that all
intra-variety crosses do not produce the
same amount of ';gor when crossed. I
have had opportunity to develop, observe.
and release approximately 150 commer
cial hybrids. Of interest. however. is the
knowledge that considerably more than
150,000 have been evaluated in our
breeding effort. or less than one in 1000
ever reach the producer. Thus. not all
combinations exhibit adequate levels of
heterosis or lack some other essential
trait. The breeder becomes more selec
tive for a useable hybrid as his research
program becomes more advanced or ma
ture.

Acceptance of Hybrids

Perhaps the U.S. history. which illus
trates the relative acceptance ofmaizeand
sorghum hybrids. will have value for new
regions mo,;ng toward hybridization.
The time lag for maize was 20 or more
years, whereas sorghum, benefitting from
farmer experiences ",;th maize. took only
four years to gain near universal accep
tance (Figure 4). Russell (\991) points
out that although maize had a relati"ely
slow acceptance nation",;de. in Iowa, the
leading area of maize production. accep-
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tance did occur within a few years as with
sorghum.

A secondary benefit from the accep
tance ofhybrids, which is critical, relates
to private sector involvement. The extra
value and cost applied to seed not only en
courages better management practices
but allows for a private sector input into
all aspects of the seed industry. The op
portunity with hybrids for annual seed re
placement, as well as proprietary owner
ship, further encourages private invest
ment. Benefits from private sector
competition (Maunder, 1998) will (a)
better assure an adequate supply of seed,
(b) lead to improved seed purity and ade
quate germination, and (c) increase in-

vestment in product improvement which
may be less critical to the hybrid industry
short-term, assuming in-country national
programs are effective. India illustrates,
perhaps as well as any country, that hy
brids combined with private sector invest
ment can allow for self sufficiency in
food, having increased production from
50 million tons in 1950 to 200 million in
recent years.

In 1966, G.W. Burton speculated that
the next century will see F1hybrids ofev
ery major crop in general use throughout
the world. The greater yield potential, ef
ficiency, and ability of the outstanding F1

hybrids to withstand stress when com
pared with varietal cultivars suggest a real
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opportunity to increase feed and food pro
duction. As the world increases in popula
tion. and standards ofliving increasingly
demand more protein through meat in the
diet, Burton's thoughts along with current
agronomic developments seem all the
more prophetic. Hybrids will be used and
accepted in developing countries if hy
brids with seed of high purity, adequate
germination and yield performance be
come readily available.
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Rapporteur's Report

Botorou Ouendeba

Opening Remarks

Day 1 - Session 1

The Director General of INRAN con
gratulated the organizers. He emphasized
the importance of improved seeds and the
need to pursue collaborative research be
tween INRAN, INTSORMIL, and
ICRISAT. There are notable results in the
area ofvarietal development: INRAN has
produced a catalogue of all its varieties.
However, more funding is needed for mil
let and sorghum research, as well as for
developing seed production and market
ing.

Two key points must be noted: (I) seed
is different from grain; (2) a seed unit is
necessary, as well as hybrid development
by other NARS.

Following the Director General of
INRAN, the minister of agriculture gave
the opening speech. He mentioned how
proud Niger is to have so many leading
scientists in attendance at the Workshop
and their importance to the Workshop. To
reach the goal of food self-sufficiency in
Niger, millet and sorghum must be im
proved, since they cover more than seven
million hectares and provide the staple
foods for its population. The government
ofNiger supports INRAN's effort in vari
etal development and seed production.
Collaborative research has permitted the
development of high yielding millet and
sorghum hybrids. To fight against pov-
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erty, agriculture must be modernized.
Seed activities must be developed to fully
take advantage ofhybrids. We must have
a sustainable seed sector, and Niger is
willing to consider any proposal to stimu
late the use of hybrids in the country and
in the sub-region.

The session president welcomed all
participants from Africa, Europe, Asia
and the US. Hybrid development has
made significant progress in Niger in re
cent years; these achievements must be
supported so that many farmers in West
Africa can take advantage ofthe phenom
enon of heterosis. This workshop was
made possible because of the persistence
ofissoufou Kapran, John Axtell, and Lee
House.

Millet and sorghum are the two most
important crops in Niger and the
sub-region, comprising 70% of all cereal
production in West Africa. Although cul
tivated land devoted to millet and sor
ghum increased by 50%, yields remain
low at 600 kg/ha on average. The oppo
site was observed in India. Mr. Barwale
will later on in this workshop provide in
formation on how hybrid development
evolved there.

We should insist on the importance of
grain transformation as well as seed pro-



duction. This meeting should focus on
ways to increase sorghum production and
the use of hybrids.

Dr Lee House gave some details about
the group working on seed production.
They will focus on the follo",ing:

Background history of seed pro
duction in Niger;
Current situation, and
Future possibilities in relation to
the availability ofhybrids

At the end of their work, the seed pro
duction group will present a strategy to
ward a sustainable production and com
mercialization of hybrid seed to the ple
nary session.
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The second group will discuss transfor
mation and other uses for millet and sor
ghum. This group "'ill be organized by
Bruce Hamaker, A. Ndoye, Moussa
Ournarou. and Adam Aboubacar.

Bruce Maunder made a presentation
entitled "Why Hybrids." He clearly
pointed out several advantages of hy
brids, including high yield. earliness, de
sirable morphological traits, and a good
reaction to both drought and soil fertility
problems. The yield advantage ofhybrids
versus open-pollinated varieties varies
between 28% and 54%. Examples were
given ofsorghum. millet and com in other
countries.



Monday - September 28 - Session 2

Hybrid Seed Experiences in Developing Countries

Opening Remarks

Moderator - Lee House,
Consultant, Seed Production
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Hybrid Seed Experiences
in Developing Countries

B.R. Barwale

For some time I have been thinking
about what I should convey 10 you. I have
decided 10 talk about the Barwale Mabyco
story, which is closely relaled to the In
dian Seed Industry.

I staned a seed production program
with an okra variety bred by the late Dr.
Sardar Harbhajan Singhji of the Indian
Agricultural Research Institute. (Pusa In
stitute) at Delhi. It was a revolutionary va
riety. It was resistant to yellow ,ein mo
saic virus disease which tremendously re
duced the production and quality of the
crop. The variety was unique and was ac
cepted by the farmers very rapidly. This
taught me a lot about the seed enterprise.
The seeds need to be grown. dried.
cleaned gravity separated, treated. tested
for quality, packed and delivered to the
farmer directly or through distribu
tOrs/dealers. This operation taught me my
first few lessons.

By the time I became aware. in 1963. of
the Rockefeller Foundation. Indian Coun
cil of Agricultural Research (ICAR). and
the All India Maize Cnordinated Re
search Program. I was a budding
seedsman. My experience gave me credi
bility with The Rockefeller Foundation
that I may be able to deliver the goods in
the form of quality seeds ofother crops.

In a seminar held in Dabad. Gujarat. I
obtained a letter from the National Corpo
ration representative for 10 acres ofmaize
foundation seed. I personally went to
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33

Amberpet. Hyderabad. colleCled the
foundation seed and brought it to Jalna. In
1964. I planted 5 acres of hybrid seed on
my farm in Kharif and 2 acres on my
neighbor's farm.

The Rockefeller Foundation was al
ways there to provide support. They pro
vided detailed instructions and helped get
the crop planted. AI the time of the first
detasseling Mr. D.S. Rana of The
Rockefeller Foundation came to Ja\na and
trained our boys to detassel and us. Al
though this is a simple task. timing was
important.

Dr. Wayne Freeman visited three times
during the crop cycle. He always encour
aged me to do a better job. I was able to
meet the standards. and the crop was har
vested as insltucted: the male separately
and then - after inspection oftbe field. the
female. We shelled the crop and were
amazed to see the overall yield. II ""lIS a
double cross production. The female par
ent was a singe cross and had excellent
producti,;ty. Dr. Freeman had a detailed
meeting with me on processing of the
seed and made plans to process the seed.

A truck containing a small M2B
Cleaner. seed treater. bag closer tags.
thread. seals. chemicals for treatment ar
rived a few days later. We made arrange
ments to mount this cleaner and treater at
an elevated position near my home. An
engineer. by the name of Mr. Dey. was
sent from Delhi to help install the equip-



ment and process the seed. We processed
the sccd speedily. Ladies and gentlemen,
that was the best yield of processed seed
ofmaize I obtained in my life: 33 quintals
(132 bushels) ofprocessed maize seed per
acre!

The seed was ready. We stored it in a
warehouse, and we looked for customers.
We contacted several groups and tried to
convince them of the usefulness ofplant
ing good quality hybrid seeds. In the
meetings, there were lots ofquestions and
lots ofresistance to paying 3 to 4 times the
price of the grain for the hybrid seed.

One good thing that we had done prior
to planting the seed crop was import cer
tain quantities of hybrid seed from
Gujarat. We sold it, then helped people
plant that seed to produce a commercial
crop. Thus, the crop was grown in anum·
ber of places and we obtained very en·
couraging results. These demonstrations
created some curiosity and interest among
the farmers and extension officers. We
used to celebrate if we were able to sell
one sack of seed a day. One sack is equal
to 90 kg, enough seed to sow 6 hectare,
worth onlyRs. 120 atthattime (i.e. 3 USD
today).

One afternoon, I received a phone call
from an Agricultural Officer from the
neighboring district asking me "Mr.
Barwale, do you have hybrid maize
seed?"

"Yes, sir,"
"How much you have?"
"We would be able to fulfill your

demand."
"I want one truckload."
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"Yes, sir, we would be able to
provide that amount to you."

"We want it tomorrow.
"OK, sir.'1

Within two hours, we had hired a truck
and instructed our representative to de
liver the seed to the officer the next morn
ing.ltwas delivered and reported. What a
day it was! Really a day of achievement
and celebration. Our credibility as seed
producers and progressive farmers was
established.

The ICAR's All India Sorghum Im
provement Programmc l with assistance
from The Rockefeller Foundation, also
developed new sorghum hybrids. That
same rabi (dry) season, we planted a dem
onstration of 2 Jowar (sorghum) hybrids,
CSHI and CSH2 along with the local
check. The earheads of the local check
were big and compact and looked very
impressive. Comparatively, the hybrids
looked unimpressive, even though the
plant grov.th was very uniform with ex
cellent plant populations.

We harvested the demonstration hy
brids, and everybody was surprised to see
that the hybrids had tremendously high
yields compared to the local check. Later,
I had a meeting with Dr. House in Delhi.
He informed me lhat the first sorghum hy
brid CSHI (Kafir 60 x IS84) was likely to
be released at the next workshop. As a re
sult, The Rockefeller Foundation wanted
to see some seed produced that year in or·
der to support good demonstrations dur
ing the next year.

Dr. Wayne Freeman and Dr. Lee
House were helping this sorghum pro
gram by assisting with field operations.



The Rockefeller Foundation sent equip
ment. trained human resources. founda
tion seed. and thimet (a systemic insecti
cide with an obnoxious odor), Actually.
Dr. Lee House had to travel with this
chemical from Pune to Jalna. 190 miles
distance. and had to inhale the chemical.

Four acres of Hybrid CSHI seed pro
duction was planted. We did not know
how the parents would behave in a differ
ent environment and different season.
Therefore. we planted the male 3 times at
4 day intervals before (and after) the fe
male was planted to ensure that there
would be a longer pollen availability in
order to achieve a good nick.

Ladies and gentlemen. I do not want to
take your valuable time by providing you
minor details. However. I would like to
say that it was a successful production and
we got 8 quintals per acre of hybrid sor
ghum seed. Thus, for the first year alone,
the country had 32 quintals ofthe first sor
ghum hybrid to distribute throughout the
country.

Dr. House. I still have on record the
long letter you had written describing the
sort of risk I was taking. that it may be a
total loss, that I may not be able to malicet
the seed. but promising me all support to
make !La successful program. Although
there was a risk. we decided to move for
ward. The extension agencies in some
states were promoting the hybrid sor
ghum. The hybrid sorghum grown was
qualitatively poorer than the best local va
rieties. but it was a shorter duration than
the local varieties and those were the
years we had severe droughts. While all
local varieties failed. and did not even
produce earheads. the hybrid produced
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excellent crops. Suddenly. it attracled the
attention of everybody who was con
cerned with agricultural production.

We received tremeodous support from
the then Chief Minister of Maharashtra..
the late Shri Vasanlroji Naik, who pro
moted the seed and the idea in a great way.
The same summer we produced the first
pearl mi llet hybrid. a product of the
ICAR's All India Coordinated Millet Im
provement Program. By this time we
were experienced growers. We were
trained how to find a shedder. We used to
take black slates in our hand 10 see
whether a doubtful plant was a shedder or
a male sterile. The purity of the founda
tion seed was a little doubtful. Howe\'er.
the need was urgent so good-quality hy
brid seed had to be produced_ which - for
example - involved an extra effort in re
moving rogues from the parents before
they could have a damaging effect

By this time I was further convinced
and committed 10 the program: a na
tion-building program. agricultural pro
duction program, and a program thaI
would bring prosperity and respectability
to the farming community. I realized that I
alone might nol have been able 10 achieve
the objectives as the task was gigantic and
we started contracting seed production
",;th small farmers, progressive ones who
were prepared to follow instructions, had
reasonable resources to irrigate and were
responsive to the idea and instructions.

We appointed production assistants.
generally agricultural graduates or POSI
graduates. and provided Ihem motor
bikes. These assistants regularly use them
to visit these growers and report on the
progress to the officers responsible for



production. Through this process, we un
derstood the problems ofthe growers and
solved them as quickly as possible, ifnot
immediately.

We were growing seed in the kharif
(monsoon) season (June ~ October) and
had to face the problem of grain mold if
there was rain at the time of harvest,
which would generally affect the storage,
gennination, and viability of the seed. As
a result, we began looking into dryseason
seed production. After looking into other
production areas, we moved to the rice
fallows in Andhra Pradesh. Meanwhile.
we had faced problems of crop
nonunifonnity, which we solved by puri
fYing the parental material and having di
rect quality control over this material in
the production fields. Once the growers
understood that it could be a profitable
crop for them, we did not have difficulty
in converting the entire village into a seed
production village.

This is the story of the beginning of
Mahyco. We did not look back. We con
tinuously produced as much seed as pos
sible. While we also tried to establish our
market by selling seed with our brand
name, there was government support
available to procure the seed produced as
well as extension agencies to distribute
the seed. In the meantime, The
Rockefeller Foundation assessed our
need to have a processing plant with
equipment and storage space. The engi
neering officer responsible for processing
consistently helped and visited in order to
assist us in establishing a processing
plant.

We took a one-acre plot in the Jalna
Cooperative Industrial Estate and started
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construction of a small processing plant
(20' x 120'). USAID provided processing
equipment to the government of India,
which was provided to the National Seeds
Corporation and to private seed produc
ers. We got our share and erected a pro
cessing line while our building was yet at
lintel level high, since we needed to pro
cess. We also rented warehouse space in a
building close to our previous site. In our
processing plant. the storage space was
only 900 sq. ft., which we quickly real
ized, was very small.

Ladies and gentlemen, in a develop
ment economy, in the beginning there
were two options: create a large capacity
and have an extended period for utilizing
all the capacity, or create a small capacity
and - jfyou have more work - work over
time and do the job. We adopted the sec
ond method and created a small facility.
Although we still use this facility for pro
cessing our foundation seed, we do have
newer equipment.

As you will have an opportunity to ask
questions, I can then provide more infor
mation and details

Fortunately for us, generally we did not
have unsold seed in the first 3 to 4 years,
but thereafter we did have carryover seed.
Because of poor storage we lost seed due
to insect damage, fluctuating humidity,
and loss of viability/gennination from
time to time and wrote offgood quantities
ofseed. This made a dent in our profit and
loss account.

I referred to the National Seeds Corpo
ration (NSC) earlier. NSC was estab
lished by the governmentoflndia, with an
objective of providing foundation seed



and services ofthe seed industry. It started
in earnest in 1963. Before that, foundation
seed production and relevant services
were being provided by the ICAR. The
Rockefeller Foundation also became part
of the system to provide services.

Establishment of the NSC was very
critical in the early '60s. It produced foun
dation seeds. It also provided voluntary
certification services and a support opera
tion for seed producers. From my 35 years
ofexperience with the Indian seed indus
try, 1have come to believe that while the
NSC provided great support to the Indian
seed program. it also made mistakes
which should have been avoided. I shall
comment on this a liule later.

A seed law was enacted in Parliament
in 1966. Consequently. official seed cer
tification came into existence in 1968.
and NSC was nominated as the official
seed certification agency for the entire
country. While it facilitated certification
procedures. it also generated bureaucratic
systems, which affected tbe efficiency of
seed operations. A few years later unfor
tunately, NSC moved from being a sup
port agency for the seed sector to being a
commercial seed marketing agency in
competition with the industry they were
trying to encourage. NSC started insisting
that one side of the seed bag should be
printed the same way as NSC. So it acted
as an advenisement for NSC. This went
against the spirit of the establishment of
the NSC. NSC was to act as a foundation
seed agency and a providerofservices. As
soon as it became a marketing agency. it
established different objectives and thus
became partial. It also staned practicing
discrimination in distribution of founda
tion seed to the producers other than
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themselves. They set priorities: I) them
selves. 2) state seed corporations. 3) state
governments. and 4) private seed produc
ers. This sort of situation created uncer
tainty among the producers about the
overall program and produced a setback.
hen though it was unintentional. l'OSC
staned claiming that they had a monopoly
for foundation seed production. Conse
quently. producers faced problems with
quantity and quality of fouodation seed.
\\<'hen the situation became very serious.
the state governments responded by de
claring that NSC did not have a monopoly
and staned distributing breeders' seed in
selected crops to competent producers.
who were then entitled to produce foun
dation seed themselves.

India is a large country consisting of
several states. Agriculture is a state maner
and the state governments were not happy
that NSC served as a ceni fication agency.
Thus societies were formed under the
chairmanship of the State Agriculture
Commissioners to carryout certification
work in lite respective states. NSC did e\'
erything to prevent this from happening.
but the states prevailed. Except for a few
union tenitories. states - basically societ
ies under the chairmanship of the State
Agricultural Commissioners - became
certi fication agencies. Several soun::es for
foundation seed also came into existence.
This situation improved the quality and
quantity of the foundation seed. and the
availability of foundation seed was no
longer a constraint for planting seed pro
duction programs.

NSC and The Rockefeller Foundation
provided remarkable services for training
seedsmen in certification. quality control.
seed testing. seed processing. seed equip-



ment maintenance, and demonstration
plots, among other topics. USAID also
supported some of the activities. What
you have today is in part a product of this
support. I gratefully acknowledge the
contributions made in this regard by The
Rockefeller Foundation, USAID, the
government of India, Indian Council of
Agricultural Research and state govern
ments directly or through their undertak
ing like NSC and the state seed corpora
tions.

Seed certification created general stan
dards of quality and a base for independ
ent vouching quality undertaken by the
producer. One thing should not be forgot
ten; certification provided minimum
standards. Thus quality of seed differed
from producer to producer; a number of
them observed stricter and better stan
dards than required by the certification
process. They put more emphasis on the
quality offoundation seed, training of the
company professionals and training seed
growers. and rigidly implemented the
quality control system. I remember the
day Mahyco had to reject a large hybrid
maize seed plot on its chairman's farm.
This sort ofdecision-making process cre
ated greater confidence in the quality of
seed produced by independent organiza
tions.

The Indian Seed Law as it was intro
duced and passed by the Parliament is an
ideal seed law. While it provided compul
sory truthful labeling ofnotified varieties
or crops, certification is voluntary. Thus,
those producers who were able to estab
lish their reputation gradually did not
bother with seed certification. Conse
quently, they avoided delays in the pro
cess of certification that were due to bu-
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reaucratic hurdles. This also helped make
seed available to the farming community
on time.

Subsidy has always been a matter of
great controversy in our mind. In the In
dian program, subsidies were granted for
several kinds of improved or hybrid seed
varieties. Even though initially it helped
to promote the program, there was no way
to stop it once it started. Interested per
sons became more and more greedy, and
every elected representative took it as a
part ofhis political exigency to have max
imum subsidies in his area. Subsidies also
created discrimination between NSC,
state seed corporations, and private seed
producers. In most of the cases private
seed producers were not able to get an ad
vantage from the subsidies. If subsidy
was provided by the state governments,
state seed corporations were the first ben
eficiaries. If it was by central government,
then the first beneficiary was the NSC.
Therefore, this was an incentive for NSC
and state seed corporations. Private pro
ducers had to market their seeds on their
reputation and on the quality ofthe seed. I
am glad to tell you that the farmers' first
preference was always private seed pro
ducer's seed that had a reputation for
quality.

By disseminating information and con
ducting comparative demonstrations (us
ing local practices and improved seed vs.
improved practices and improved seed),
the extension agencies of the government
did do a good job in carrying a message to
the farmers of the importance of quality
seed and improved agronomic practices.
This did create good demand.



I have always thought that the Indian
farmer, (and I am sure, the African
farmer) is a wise. hard-working and hon
est entrepreneur. I feel he has always
looked not to subsidies but to ultimate
profit that he could make from the crop.
Surely he needs support in terms ofcredit
(ifthe money is not available) to purchase
agricultural inputs, such as seed, fertil
izer, and insecticides.

I do not have a presentation here of the
first 15 to 20 years ofMahyco; however, I
do have a graphic presentation of the 14
years from 1983-1997 of Mahyco which
should give you an idea ofhow the private
enterprise has performed in the Indian en
vironment.

I was very fortunate to visit the U. S. in
1965 and again in 1966: the first time in
the Farm Leaders' Exchange Program,
and the second time as a member of the
Seed Review Tearn appointed by govern
ment ofIndia. This team was established
to make recommendations on basic seed
policies. The recommendations of this
comminee became a key document for
several decades to come. This also pro
vided me the opportunity to visit different
seed companies, research facilities. re
search institutions. and universities in
Sweden, Holland, England. United
States. Japan and the Philippines. Thus.
right from the early years ofMahyco. w;th
my constant contact with the Indian Agri
cultural Research Institute, Mahyco was
to establish its own research program as
rapidly as possible. In 1966, just TWO

years after Mahyco was established. we
started the first research program. We
hired a Ph.D., with the help of The
Rockefeller Foundation. and started col
lecting maize and sorghum germplasm
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from all over the world. We hired addi
tional scientists rapidly and also added
pearl millet to our research crops. We
were investing money by reinvesting !be
profits as well as increasing our capital.
This was not appreciated by all our part
nerslshareholders. We went through hard
times. but we stuck to it.

With the evolution ofhybrid conon. we
added hybrid cononseed production to
our program. As soon as we learned about
the availability ofgenetic male sterile. we
went for the germplasm and the establish
ment of a hybrid conon seed program.
based upon genetic male sterile and later
on the CMS;Restorer System.

The public breeding program was quite
comprehensive and was very well funded
",;th the help ofThe Rockefeller Founda
tion and several other agencies. For quite
some time we did not produce anything
from our research programs. I remember
that we identified a few good sorghum hy
brids. Those were really good - good
yielding, good grain quality. and gi\'ing
good results in our trials. However. when
we went into commercial marli:eting we
realized that because sorghum had black
glume it was not accepted by the marli:et
and - thus· by the farmer. This was a big
setback. but we kept on working and had
good research products Ihat really
changed the entire profit scenario of !be
company. We also managed the company
economically. Costs were absolutely un
der control. expenditure within the in
come limits, and minimum borro..;ng.

Speaking ofbanking. we had been suc
cessful in persuading our bankers to fi
nance us as well as finance our growers. It
was not a large operation, and things were



going on satisfactorily - as we had been
successful in gaining the confidence of
our bankers. However, one day our bank
ers had to withdraw our advances, be
cause the Reserve Bank of India did not
discriminate between seed and food
grains. They accused our bankers for
making advances against food grains,
which was against the government policy
given that food was in short supply. It
took almost six months forus to getthe or
der changed. The Reserve Bank of India
was kind enough to recognize seed as a
different product than grain and advances
were made to seed enterprises on the
strength of seed stocks. The growers who
borrowed were treated to priority ad
vances. They began receiving preferential
treatment.

I have always believed that ifwe have a
will it is always possible to find a solution.
We need to have a will and need to be de
termined to solve the problem. This is the
beginning ofthe solution to the problem.
As you listen to me, I want you to under
stand that over all of these years (or, at
least the first 25 years) I felt that a sword
was constantly hanging over my head,
and I did not know when it would fall. In
spite of that, with great optimism, the In
dian seed industry has progressed.

As I reflect on the past, I would like to
advise those countries who are now trying
to establish a seed industry: do not keep a
sword hanging over the heads of private
enterprises. They should feel reasonably
secure so that they can converge their en
ergies on their enterprises, and through
that, on services of the country's agricul
ture rather than waste their energies and
valuable time solving problems that slow
program development. Thus, we need to
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have a policy where every action of the
seedsman is protected as long as he has
operated sincerely and honestly. Even if
he has done wrong, he needs protection 
unless he has done it with dishonest inten
tions. We must trust him at least as much
as an administrator, a scientist, or a gov
ernment servant is trusted.

What I am trying to emphasize is that to
start and have a successful program you
need to have good and committed entre
preneurs. Good understanding and sup
port from within government administra
tion and a good political will is necessary
for success even when it is not exactly
what they would want.

For the seed program in our state, we
always had the patronage of our Chief
Minister. He never let us down. We had
good administrative support. We had
good linkages in the central government
with the agricultural ministry. We had
good support from The Rockefeller Foun
dation, who always constructively con
tributed problem solutions to the govern
ment and enterprises. We had an excellent
team in Delhi consisting ofour then Food
and Agriculture Minister, Bharat Ratna
Shri C. Subramaniam, the then Secretary
ofAgriculture, the late Mr. B. Sivaraman,
and Professor M.S. Swaminathan, Direc
tor IARI and later on Director General,
ICAR.

The fortunes of the Indian seed indus
try have fluctuated many times in the last
three and a half decades. If I am asked to
give reasons for this, it would be govern
ment policies, indecision and lack ofclear
objectives. Surely, as you know, there are
always several factors that make an enter
prise/industry successful: good planning,



good financial management. good pe0

ple, good marketing arrangements, and
overall execution. Several seed enter
prises failed in the late 70s and 80s due to
government policies and/or poor manage
ment. Thus. I believe it would have been
possible to have a more growth of the In
dian seed industry if we had very clear
goals and strong determination.

Any developing country is always
looking for opportunities to earn foreign
markets. as it always needs foreign ex
change. As the Indian seed industry pro
gressed and increasing emphasis was
placed on exports. the Indian seed indus
try tried to get into international markets.
Although they first tried as contract grow
ers, they later tried to collaborate with
leading foreign enterprises. As research
and development were established and in
creased, these enterprises tried to market
their products in the same ecological ar
eas of the world outside India. From zero
export level in the 50s. India is now ex
porting reasonable quantities of con
tracted seeds and seeds derived from the
research of Indian seed companies. Cer
tain multinational companies are also try
ing to export seeds into African or South
East Asian countries.

There is always going to be an opportu
nity to produce and export seeds particu
larly where it is labor intensive as it is very
expensive to produce such seeds in devel
oped parts ofthe world. Besides this. seed
companies are willing to share knowledge
and train technical people and growers in
producing seeds. This gives a direct expo
sure to the seedsmen in de\'eloping coun
tries.
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The currenl scenario in India has
changed quite a bit in comparison to !be
seed situation in the 80s and before. A
change ofpolicy was promulgaled by !be
government of India whereb~' multina
tional/foreign seed companies were wel
comed to utilize their expertise and estab
lish themselves in India. In the last five
years. particularly. we see a positi\'e im
pact from this. Even though initially these
companies did not have products for In
dian conditions. gradually they impro\'ed
and now are providing tough competition
to the existing Indian seed industry. The
current seed industry ,,;11 have difficulty
facing the competition unless it takes the
siluation very seriously and becomes
quite aggressive in research and market
ing.

In the last 10 years, the scientific situa
tion also has changed with the emergence
of new scientific tools (e.g.. biotechnol
ogy: molecular. cellular and other new
scientific methods based upon DNA). We
are seeing now the products out of this
new science: products that are benefiting
the farmers in terms of insect resistance.
fungi resistance. v;rus resistance. etc. An
other scenario in the global seed industry
is that in the developed world, the seed in
dustry is becoming more concentrated. A
number of chemical 'pharmaceutical
companies have become involved in !be
seed enterprise in the last 25 years. and
particularly so in the last 10 to 12 years.
Four or five companies haw emerged as
leaders in biotechnology and have ac
quired interests in the seed business as a
vehicle to deli\'er the new findings.

Thus, the situation today is very differ
ent than when Mahyco or I got started.
Everybody must realize this. Howe\'er.



the basic components still remain for a
successful enterprise. Good technology,
honest work, good management, and a
will to serve are the essential aspects.

Ladies and gentlemen, I think I have
talked a lot about Barwale, Mahyco, and
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the Indian seed industry. I do not want to
further extend it. However, I welcome
questions that you feel would further clar
ify the situation.

Thank you very much for providing me
this opportunity to be with you.



Zambian Seed Industry - History and Experience

Rbola Natb Verma and Winter M. Cbibasa

Historical and political developments
in southern Africa, including Zambia,
have led to an emergence oftwo distinctly
different farming sectors. To one sector
belongs the large-scale commercial farm
ers. mostly of European origin, who o,m
large tracts of land, ranging from 100
hectares to 20.000 ha. These farmers are
situated in the country's most productive
agroecological region, often on good fer
tile soils.

The facilities for farming, including
road and rail transpon networks, electric
ity, irrigation, and services like credit and
marketing, including seed supplies. have
been better developed in the area of their
domination. The commercial farmers fol
low improved agricultural practices, in
cluding high use offertilizers, chemicals,
and other inputs. Some of these farms
may have thousands of hectares of land
under center-pivot system of irrigatioo
and may own airplanes for use in agricul
ture.

The majority (75%) belong to the other
extreme sector. This sector consists of re
source-poor traditional farmers whose
holding sizes are below 10 hectares.
These farmers depend on their family for
labor. Many of them hardly own any
equipment. and at most, have a locally de
signed hand-hoe. They have limited ac
cess to agricultural credit, transpon. mar
keting facilities and inputs. including the
availability of seed, fertilizer and chemi
cals. In the post-independence era, the
government in southern Africa tried to
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improve farming conditions for this
group, but it has remained difficult to do
so.

The numberofcommercial farmers has
tended to vary from country to counU}. At
independence in Zimbabwe in 1980. there
were about 5.000 such farmers. By 1996.
the number was reduced to 4,000 (Eicher
and Kupfuma, 1997). Zambia. which was
then regarded primarily a copper produc
ing country. had only about 100 commer
cial farmers at independence in 1964.
This number by 1997 had increased to
740. of which 20 are corporate entities.

According to present estimates in Zam
bia. there are approximately 603.400 farm
households, comprising 459.000
small-holder subsistence farmers (of less
than 10 hal; 119,200 emergent commer
cial farmers (ranging between 10 to 20
hal; and 25.200 medium-scale commer
cial farmers (ranging between 20 to 60
hal.

The last two categories together consti
tute what is now being termed the inter
mediate sector. which is gaining strength.

Maize in tbe Agricnlture of
Soutbern Africa

White maize was introduccd, pro
moted. and cultivated in southern Africa
by European settler farmers for its pro
cessing ease to feed local people em
ployed in the mining sector and or for ex
pon to Europe for the starch industr}.



However, in less than two generations, it
has become the most popular food among
the indigenous people.

After independence, the wealthy gov
ernment based on the rich mining sector,
introduced policies for promoting maize
by providing subsidies for inputs (seed,
fertilizers and credit) and grain market
ing, both for the production of maize and
for its consumption. These policies made
maize not only a main national food but
also a major cash crop, displacing all
other crops, even in the areas that were not
suitable for the cultivation ofmaize. As a
result, in Malawi, for example, maize ac
counts for 90% of the cultivated area
(Smale and Heisey, 1997). In Zambia, at
one stage, it accounted for 70% ofthe to
tal cultivated area.

In Zambia, maize was favored by the
government. Until the late' 70s, it was the
only crop that was purchased by
NAMBoard (National Agricultural Mar
keting Board), the sole agency estab
lished for the marketing of agricultural
produce and distribution of inputs on a
pan-territorial price basis.

Commercial farmers in southern Af
rica formed a strong political and eco
nomic force prior to independence. They
influenced the government at that time to
help develop and nurture one of Africa's
best national infrastructure of roads, con
centrated primarily in the areas where
they had settled. They formed several
powerful organizations/associations, in
cluding the Seed Maize Association of
Zimbabwe, formed in 1940 and the Crops
Seed Association of Zimbabwe in 1955.
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The fanners also persuaded the gov
ernment in Zimbabwe to establish a net
work of agricultural research stations.
This network was further expanded in the
region after the creation ofthe Federation
of Rhodesia and Nyasaland in 1953. The
Federation consisted of Zambia (then
Northern Rhodesia), Zimbabwe (then
Southern Rhodesia), and Malawi (then
called Nyasaland).

As early as 1932 in Zimbabwe, some of
the world's leading maize breeding work
was underway. The breeders were the late
Harry Arnold and Allan Rattray. In 1949,
they released SRI, the first maize hybrid.
The hybrid covered 20% of total maize
area produced by commercial fanners in
the first year of its release. But the real
breakthrough from their work came with
the release of SR52 in 1960.

SR52 is cited as the world's first single
cross maize hybrid released commer
cially. It is a white grain hybrid of long
duration with very high yield potential 
ideally suited to commercial farmers, liv
ing in high-potential farming areas. The
hybrid became the region's most famous
crop variety, which is still in production
after 37 years after its release.

The release ofSR52 provided political,
institutional and technical foundation for
Zimbabwe's first "green revolution" by
white farmers in 1960. Five years later, it
started in Asia. SR52 gave 46% more
grain yield than the best contemporary
open-pollinated variety, Southern Cross.

Within eight years of its release, this
hybrid covered over 75% of maize area
planted by commercial farmers in Zimba
bwe (Eicher and Kupfuma 1997). The re-



gional Federation further bolstered the
expansion in neighboring countries.

As the commercial fanners' dryland
crop, tobacco. ran into problems. more
maize hybrids (mainly three-way crosses)
were developed to suit the sandy soils.
Such short duration hybrids also hap
pened to meet the requirements of
small-scale farmers and for drought prone
areas.

The above development represents an
excellent example of a technological
spillover from the resourceful commer
cial farmers to resource-poor small-scale
fanners. Subsequently, and especially af
ter independence, when the governments
decided to pass on the benefils of this
technology to small-scale fanners and ur
ban dwellers. a much "ider adoption of
maize hybrids occurred throughout the re
gion. Contribution ofsmall-scale farmers
to total maize area and production in
creased tremendously (65% in Zambia
and 70"10 in Zimbabwe). Zambia's maize
production increased four-fold, from the
early 60's to the late 80's.

Development ofthe Seed Indnstry

Technological advances in maize, and
formation of strong commercial fanners'
organizations in Zimbabwe led to the de
velopment ofthe seed industry. In the be
ginning, fanners formed a cooperative
called Seed Co-op. Seed Co-op was later
converted into a public company, Seed
Co. Zimbabwe now has a separate com
pany for export, Certseed International.
Recently, Seed Co. has gone into partner
ship with giants like DeKalb Genetics
Corporation of the United States.
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Until the formation of the Federation.
Zambia was dependent on Zimbabwe for
its seed needs. After the breakup of the
Federation in 1963, Zambia had to stan its
own industry. Since its establishmenl the
Zambian seed industry has undergone
major changes which are described under
the following three separate periods: prior
to the establishment of the Zambia Seed
Company (ZAMSEED): ZAMSEED,s
domination: and liberalization after 1991.

Industry Prior to tIr~

Esttlblish",~ntofZIIIIISHd

After the breakup of the Federation,
Zambia with only three commercial fann
ers who had experience in seed produc
tion received eight pounds of seed of pa
rental lines of SR52. The government
formed a Seed Advisory Comminee un
der the Ministry ofAgriculture, Food and
Fisheries (MAFF) and set up a Seed Ser
vice Unit within its Research Branch. The
unit was given the responsibility of seed
control and certi fication and production
ofbasic seed. Commercial farmers. some
of whom had experience in seed produc
tion, formed ZSPA (Zambia Seed Pr0
ducers' Association). ZSPA produced
certified seed under the supervision of the
Seed Services Unit but was not given ac
cess to parental lines of SR52 until 1978
because of the wary relations ",ith the
government at independence.
NAMBoard (National Agricultural Mar
keting Board), created by the govern
menl was made sole buyer and seller of
the seed.

During that time, there was a disruption
among maize breeders in the country.
This resulted in inconsistency of objec
tives and priorities in breeding. Poor



maintenance of parental stocks of SR52
caused deterioration in the Zambian ver
sion of SR52, which gave 15-20% less
yield compared to the original hybrid
from Zimbabwe. By the late 70's, several
donors (Sida, USAID and FAO) were in
volved on different aspects of maize re
search in Zambia.

Period ofZamseed's Domination

Zambia Seed Company Limited
(ZAMSEED) was formed in March 1974
under the then Rural Development Cor
poration (ROC) but remained basically
inactive until 1981.

ZAMSEED in its present form became
operational in January 1981 following a
decision by the Government of Zambia
through the Ministry of Agriculture and
Water Development (MAWD) to pro
mote the development of the Zambian
seed industry. The company was given
exclusive rights to the growing, process
ing and distribution of all kinds of seeds.
In exchange, it would get - free ofcharge
- breeders' seed from the Government.

The shareholders ofthe company were
the Government (40%) through
ROC/ZIMCO and presently the Ministry
of Finance and Economic Development
(MFED); Zambia Seed Producers' Asso
ciation (ZSPA, 20%); Zambia
Co-operative Federation Limited (ZCF,
20%); Svalof Weibull AB, (SW 10%);
and Swedfund International AB (10%).
SW is the largest seed company in Swe
den, while Swedfund International,
which falls under Sida, is a venture capital
Swedish institution that encourages
Swedish firms to invest in developing
countries by providing equity risk capital.
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SW and Swedfund were invited to par
ticipate as shareholders in the company
for the purpose of providing technical
know-how and to ensuring access to inter
national seed markets and techniques of
high standard. Within the framework of
the development cooperation between the
governments ofZambia and Sweden, and
working through a technical assistance
agreement with MAFF, Svalof provided
the company with technical assistance
services.

The permanent Secretary of MAFF
was the chairman of the Board of Direc
tors ofZAMSEED. In line with the politi
cal and economic environment, seed
prices (especially those of maize seed)
were controlled by the government, al
though the company was actually allowed
to set its own price to make a certain per
centage ofprofit.

Seed production, processing and distri
bution were ZAMSEED's major respon
sibilities. ZAMSEED purchased a
1,200-hectare farm for seed production.
Certified seed was produced by contract
ing large-scale farmers, who had to be
members ofZSPA (l50-200 growers).

Most seed growers are located in Zam
bia's maize growing areas. This made the
growing of maize seed easier but other
crops, especially sorghum and millets,
suffered from lack of interest and experi
ence among farmers. At a later stage,
ZAMSEED started to use small-scale
seed growers to produce seed of some
self-pollinated crops.

The geographical expanse and poor in
frastructure of the country posed a great
challenge to ZAMSEED with regard to



the distribution of seeds. ZAMSEED.
therefore. aCled primarily as a wholesaler,
except for its one retail shop at its head
quarters.

In the pre-I 99 I era. ZAMSEED wenl
through different types ofmarkel involve
ment, which was affected to a large extent
by existing intermediaries at the time and
their capacities as retail marketing outlets
for both seed and other agricultural in
puts. This can be chronicled as follows:

1981 10 1989: Seed was marketed
through the Provincial ClH>perative Un
ions (CPUs) which were quasi-govern
ment institutions charged with providing
agricultural inputs to peasant farmers.
Problems ofdebt recovery and other inef
ficiencies eventually made these interme
diaries unsustainable.

1990 to 1994: In an attempt to improve
the financial discipline and loan recovery
rate from peasant farmers. the govern
ment turned to CUSA (Credit Union and
Saving Association), LIMA Bank. and
ZCFIFS to assume the role previously un-

dertaken by PCUs. Experience over time
revealed however that even these institu
tions were beset with the same shoncom
ings that beset PCUs. forcing the gO"ern
ment to look elsewhere.

1995 10 1996: The government turned
to Cavrnont and SGS Zambia Ltd. in the
hope that being well-standing financial
institutions and holding quality inspec
tion aUlhority of international repule.
these institutions would finally be the an
swer to loan recovery and accountability.
This was not to be, and the same problems
surfaced again forcing even this arrange
ment to be abandoned. Billions of
Kwacha remain unrecovered in input
loans.

ZAMSEED sales of different com
modities are given in Table I. It must be
noted however, that the sale volumes do
not necessarily represent market poten
tials. Most commodities other than maize
have nol been effectively served. During
the periods that have been chronicled
above, the pattern of maize seed sale re
veals the follo",;ng:

Table t. ZAMSEEED Seed SaIn tmlD..) of DIlJ....., Cropo.
y~ ""'" w,a
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a fairly stable rate of sales up until
1986/87;
a significant increase in the subse
quent three years from 1987/88 to
I990/91 ; and
reduction in 1991/92 and decline
from 1992/93 until 1997/98.

The reasons for the above pattern were
the following:

• readily available finance and credit
to agriculture in the 1980s, perpe
trated by the government ofthe day;

• a move in the early 1990s, away
from subsidized agriculture to a
more market driven laissez-faire
economy; and
Competition from other companies
as a result ofliberalization.

During the period between 1981 and
1990, ZAMSEED had a virtual monopoly
on the seed business. It supplied seed to
PCUs who placed bulk orders based on
their own estimates. PCUs had no prob
lem in making payments as they were fi
nancially supported by the government
for their role in crop marketing. PCU's
only promoted maize seed which was in
line with the then existing policies.

Seeds of non-maize crops such as
wheat, sunflower, soybean, groundnuts,
cowpeas, rice, sorghum and millets were
not available to the majority of farmers.
Most small-scale farmers used
farm-retained seed for planting of their
traditional crops. Nonetheless, by the late
80's, Zambia was self-sufficient in maize
seed. ZAMSEED was profitable and was
able to pay dividends to its shareholders,
with some of the profits being poured
back into the company for its consolida-
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tion. The situation was good until
1993/94.

The Seed Service Unit in the Research
Branch was upgraded and given the status
of an independent institution (Seed Con
trol and Certification Institute (SCCI»
with the help of Sida's technical and fi
nancial support. SCCI was responsible
for seed certification and quality control.
It also worked as a secretariat to the Vari
ety Release Committee. Sida, being a
common donor, supporting breeding re
search, SCCI and ZAMSEED, provided
strong linkages among the essential com
ponents of the seed industry.

Zambian Maize Research

The Research Branch of the MAFF
carries out plant breeding research in
Zambia. Maize had been the center offo
cus of research for the seed industry, al
though seed research on other crops, (e.g.,
wheat, soybean, and sunflower) had also
been done for a long time with the support
of other donors. Pasture grasses and le
gumes, vegetables, root and tubers and
sorghum/millets were later added into the
Sida support.

The Sida-supported maize breeder re
constituted SR52 after purifying its old
parents. The reconstituted hybrid was re
leased in Zambia as MM752 in 1984.
Nine additional hybrids and two
open-pollinated varieties (OPVs) were
also released between 1984 and 1992.
The main emphasis was on the develop
ment of earlier maturing, three-way and
double-cross bybrids, which are better
suited to small-scale farmers. Also seed
yields of three-way and double-crosses



are higher, making seed availability better
and cheaper to farme~.

New maize hybrids became extremely
popular among farmers. including
small-scale farmers. An adoption rate of
70'\. was reponed by small-scale farmers.
The government policies of supponing
maize - including access to seed. feniliz
ers. credit; extension services, and crop
marketing and pricing policies - all of
which were heavily subsidized by the
government.. contributed to a high rate of
adoption.

A 1992 survey of the maize growing
region found that 88°·. of small-scale
adopters ofZambian hybrids used feniliz
ers at least once during the growing sea
son. In addition, fenilizer rates for maize
were the second highest in Africa in the
late 80·s. Fenilizerprices were also subsi
dized, which cut the prices by 30-60%
during the '70s and early ·80s. In addi
tion, 64% of small-scale fanne~ sold
their maize. 42% received credit for
maize. while 47% were visited by an ex
tension agent (Howard and Mungoma.
1997). However. in 1988. the govern
ment's expenditure in suppon of maize
was only about 17% of the government's
total budget. This degree of suppon was
obviously not sustainable.

Sorgbum/MlUet Improvement

Sorghum and millets were totally ne
glected crops in Zambia until 1980. The
decline of copper prices in the mid-70·s.
and subsequent wo~ening of the coun
try's economy, aggravated funher by re
current droughts. put pressure on the gov
ernment and public to consider alterna
tives to maize. In 1981. the government,
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for the first time. announced an official
producer price for sorghum. In 1983-~.

with financial suppon from Sida. it
sought ICRISAT's assistance "ith its re
search on sorghum and millets,

Beginning in 1987. the program re
leased a series of high yielding sorghum
varieties. Figure 1 gives average
"on-station" grain yield performance of
the old and new sorghum cultivars aV'ail
able in Zambia. New released cultiv'ars
included Kuyuma, a drought tolerant
widely adopted white grain v'ariety: Sima.
a high yielding. dual purpose variety:
WSH 287. MMSH 1324. and MMSH
1257. high potential. while grain hybrids
ofvarying maturity duration: \IMSH 375
and MMSH 413. high yielding.
brown-grain hybrids of good brewing
qualities: FSH 22. a forage type hybrid;
and WP 13 and ZSV 12. partially
photo-period sensitive varieties with
good tolerance to soil acidity for high
rainfall zones.

In the case ofpearl millet. released \'a
tieties included Kaufela. Lubasi and
Sepo. and varieties of finger millet. in
cluded Lima. and N}ika.

Despite good progress in varietal im
provement. the research leam met with
skepticism especially among the sociolo
gist dominated Adaptive Research
Planning Teams (ARPTs) who were re
sponsible for on-farm wrification and
transfer of technology to farmers. Their
reservations primarily stemmed from the
perception that resource poor small-scale
farmers. who were major produce~ of
sorghum and millets had no capacity 10

invest in seed and other inputs necessary
for improved cultivars.
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Figure 1. Sorghum variety development

Poorly conducted ARPT experiments
were bringing contradicting results indi
cating that the improved cultivars under
farmers' conditions were yielding lower
than their traditional varieties. A few
teams even went to the extent of stating
that farmers do not consider improved
types as sorghum because of a different
phenology.

In order to circumvent the problem, the
research team volunteered to conduct a
series of pre-planting meetings directly
with farmers in a strategically selected
district. Seed ofnew cultivars was sold to
farmers at a commercial price. A very un
orthodox system involving primary
schools in the rural areas came in very
handy for this exercise. The team also car
ried out a series of"on-farm" demonstra
tions and invited related staff, which in-

cluded policy makers, ARPTs and
farmers.

The results of this 2 to 3 year aggres
sive promotion campaign were very en
couraging. New cultivars started gaining
popularity among farmers. The
farmer-group pressure drew the attention
of policymakers and local NGOs
(Non-Governmental Organizations) op
erating in the area, decided to capitalize
on this opportunity and included a sor
ghum/millet variety promotion program
in their agenda. ZAMSEED, which was
otherwise hesitant in getting involved in
bulk production ofsorghum/millet seeds,
for fear of a lack of demand, started re
ceiving orders for seed.

Amid mounting popularity of im
proved cultivars in the area, the research
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team further decided to capitalize on the
droughts that occurred in 1992 and 1994
by conducting large-scale. ofT-season
seed production ofsorghum and millet for
drought relief exercises in the country. It
also assisted. guided and trained seed
growers and production officers. mainly
in the area of hybrid seed production.

Today sorghum is seen as a viable al·
ternative to maize in the country's
crop-diversification program and many
NGOs across the country are involved in
its promotion and seed production. How
ever.limited seed production and a lack of
market for the surplus grain are still major
constraints to the wide adoption of sor
ghum.

Kuyuma is especially popular in the
SAOC region for its grain quality and
wide adaptation. Similarly. high yielding
brown-grain hybrids (MMSH ·H3 and
MMSH 375) are in demand in the brew
ing industry hut often. the demand ex
ceeds the supply. Unfortunately. the new
government has left the grain marketing
totally in the hands of the pri\ ate sector.
which will take some time to develop in
remote areas.

Munyinda. (1998) summarized the ac
complishments ofdifferent breeding pro
grams in Zambia. Although yield gains
over a period of time were some of the
best with regard to sorghum IFigure 2).
and at least as good as in the case ofmaize
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(Figure 3), the adoption rates remained
far short of maize. The average rate of
adoption for sorghum was 37% compared
to 70% for maize. Policy and organiza
tional support for maize accounts for the
difference.

Liberalization of the Seed Industry

The worsening state of the economy
pressured the government of Zambia to
implement economic reforms, which
started in the late '80s. These reforms
(withdrawal of subsidies, liberalization
and privatization, and deregulation of
state controls etc.) gained momentum af
ter the change in government in 1991. By
1993, the new Movement for Multi-party
Democracy (MMD) government had
withdrawn itself from direct involvement
in input supply and removed all crop and

fertilizer subsidies. As part of this privat
ization program, ZAMSEED was also
listed as private even though it was not a
typical parastatal company.

The above process had at least tempo
rarily, destabilized the seed sector, which
reflected the situation in the entire econ
omy of the country. Crucial financial and
credit institutions (ZCF/FS, LIMA Bank,
and CUSA) that served agriculture had
closed. The closure of these institutions
resulted not only in huge financial losses
to ZAMSEED, but also in the loss ofseed
marketing services.

The policy of liberalization attracted
several multinational and private seed
companies to the Zambian market. Some
of these companies included PANNAR,
Cargill Seed Co., Pioneer Hi-bred Inter-
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national. Camia, the Maize Research In
stitute (MRl). and Bio-seed Genetics.
Several of these companies. after only a
year or two. closed down. Perhaps they
found the Zambian market too small and
difficult. after trying to sell introduced.
and perhaps. inappropriate vaneties.

No othercompany has invested in local
research other than MRI, a local venture.
cooperating with the Maize Research In
stitute of Yugoslavia. At present. it ap
pears unlikely that many \\ill invest. The
unrestricted entry of insufficiently tested
maize varieties is being blamed by many
for the introduction and spread of a new
devastating disease. gray leaf spot (GLS)
in the country. Many of the existing hy
brids have been found susceptible to GLS
and are being \\ithdrawn from the market.
The disease will now require new invest
ments in research to develop resistant va
rieties.

The entry of new companies in the
market has. however. increased limners'
choices in purchasing maize seed variet
ies; this put complacent ZAMSEED on
guard and under pressure as its market
share for maize seed dropped. However.
lhis reduction cannot be blamed on com
petition alone. The area under maize cul
tivation. as well as use of fresh seed
dropped draslically because of the gov
ernment's reduced support of maize. To
day, farmers in Zambia have neither guar
anteed supply ofseed, fertilizer. credit nor
assured market for their maize. By 1995
lotal cultivated area in Zambia declined
by more than 15% from the 1985-1990
average. due to this reduction. and
ZAMSEED sales went down from a peak
of 13.600 Mt. in 1989-1990 to 3-4000 Ml.
in recent years (Table I).
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ZAMSEED responded 10 Ibese
changes by diversifying its production
base and by reorganizing its market strat
egy (e.g, recruiting its own agents and set
ting up company outlets). It offered price
incentives to its distributors and promoted
its seed line through demonstrations and
advertisements. but the situation contin
ues to be difficult.

ZAMSEED may find itself stronger if
it could expand quickly into non-maize
crops whose areas are increasing and
competition from other companies is al
most non-existent. Fortunately. Zambia is
well ahead ofmany neighboring countries
in seed research. Prospects for export ap
pear good provided ZAMSEED can re
tain the control. o\\nership and access 10

government-bred germplasm.

This agreement of o\\nership of the
government-bred varieties by
ZAMSEED is being challenged. The res
olution now appears to be ZAMSEED
starting its own research and development
(R&D) program. However. after sutTer
ing from great financial losses due to the
closure of the LIMA Bank. CUSA and
ZCFfFS. the company has no capital to
start its o\\n R& D.

There is a proposal to re~rganize the
shareholding ofZAMSEED whereb~' the
government would agree to reduce its
holdings from 40% to 37.5· ..; ZCF and
ZSPA from 20% to 5% each; \\'hile the
shares of Svalof Weibull and Swedfund
would be increased to 27.50 ,. and 25.5· ..
respectively.

Seed production is also being decen
tralized. There has been a proliferation of
NGOs involved in seed distribution and



production ofself-pollinating crops at the
village level. These NGOs are now being
encouraged to produce quality declared
seed (QDS) to improve the supply of
non-hybrid and non-maize seed at the lo
cal community level. The involvement of
NGOs in seed production with
small-scale farmers is to establish an in
formal seed sector to complement the for
mal sector.

Conclusions

The Zambian industry represents an
example ofa young and emerging seed in
dustry in a small (in terms of agriculture
and local seed market), developing coun
try where 60% of the people depend on
agriculture (of which 75% are re
source-poor small scale farmers) and the
country's infrastructure is poorly devel
oped. The industry has gone through ma
jor changes since its establishment - re
sponding to political and economic
changes in the country - and the challenge
continues.

The industry has had mixed success:
Research produced excellent results.
Seed production volumes generally in
creased, particularly in maize, where the
country accomplished self-sufficiency;
and the quality ofseed has been excellent.
There have been some weak areas such as
low seed volumes of non-commercial
crops, seed deliveries are generally late,
Extension services for non-maize crops
are not up to the mark, and farmers in re
mote areas not getting the proper seed va
rieties or crops oftheir choice (Cromwell,
1960). Critics also complain that
ZAMSEED has been unable to pay for the
royalties on varieties to the Research
Branch.
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Zambia's experience of the maize sec
tor development clearly demonstrates
that the policy and organizational envi
ronment on top of technological develop
ment have profound effect on the growth
of the seed industry and agriculture as a
whole. Policies also determine who bene
fits from these technological accomplish
ments.

The post-independent government's
liberal policies of heavy and unsustain
able subsidies and its direct involvement
in maize credit and input supplies, crop
marketing and consumption, created an
imbalance and non-sustainable develop
ment displacing most other crops.

Sudden changes in government poli
cies from heavy subsidies to a total with
drawal of all government services threat
ens past gains, creates mistrust and uncer
tainties, hinders the private sector
investment, and leads to hardships in the
seed industry.

It is hoped, however, that in the long
run, sustainable and balanced agriculture
will emerge in which commercial crops
will dominate in the better developed
parts of the country, while traditional
crops best suited to each agroecological
zone will dominate the resource-poor
farming sector. And the seed industry will
respond accordingly.
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The Experience of Winrock International with Seed
Multiplication in West Africa Through: The On-Farm

Seed Project (OFSP), 1987-1992 and The On-Farm
Productivity Enhancement Program (OFPEP), 1992-1998

Alphonse Faye and Pierre Antoine

Introduction

The focus of seed production in Sene
gal has traditionally been on the main
cash crop ofpeanuts. Other crops have re
ceived limited attention and funding. The
new agriculture policy resulting from the
recent Economic Recovery Program has
led to reduced financial support from the
government to the seed sub-sector. lt is in
tended that the Directorate of Seed Pro
duction and Control (DPCS) withdraw
from seed production and restrict its role
to quality control. Although privatization
of marketing of agricultural inputs, in
cluding seed, is encouraged, it still re
mains to be seen whether the private sec
tor can replace the public system of agri
cultural input supply. In the interim,
farmers are increasingly responsible for
their own seed supply.

One of the major weaknesses in the
seed system for food crops is the high cost
of the distribution and marketing of seed
at the local level. Another is the limited
testing conducted with improved variet
ies under farmers' conditions to assess
compatibility with their production sys
tems and to identify appropriate hus
bandry practices.

Inadequate methods of selecting and
saving seed diminish the potential bene
fits of improved seed varieties, impede

56

the introduction of non traditional crops
and restrict the range of crops planted. In
light of the mounting pressures on food
supplies and the need to generate income,
such problems cannot be ignored.

Winrock International, through its
On-Farm Seed project (OFSP) and
On-Farm Productivity Enhancement Pro
gram (OFPEP), has addressed the prob
lem of meeting farmer demands for seed
by improving their practices of seed se
lection, production and storage. The ratio
nale for the programs arises from esti
mates by Mississippi State University,
(MSU), a world leading institution on ag
ricultural seeds, that more than 90% ofthe
crops in developing countries are sown
from seed stocks selected and saved by
farmers. This situation still prevails de
spite 30 years of emphasis on national
seed programs and industry investment in
seed production and supply programs.
Seed industry development has been im
portant and the assistance rendered not
wasted; but the national seed institutions
still need to develop ways to make tradi
tional seed production and distribution
systems more effective and to convince
farmers to include improved seed into
their traditional seed production and ex
change systems.

Successful identification (of varieties)
and production ofappropriate seed variet-



ies clearly requires sustainable research
and development efforts. However, farm
ers themselves can multiply many variet
ies ofseed once they have the basic mate
rial. In fact. seed production can be a
small-scale rural enterprise for income
generation.

Program Development and Support

Winrock's programs have assisted the
seed-related programs of (non-govern
ment organizations (NGOs) and the U.S.
Peace Corps in Senegal and The Gambia
using a process approach that adapts the
technical assistance to the needs ex
pressed by small farmers. Support and
commitment to the seed program came
from several sources.

In The Gambia. Winrock International
collaborated, often on a cost-sharing ba
sis, with many NGOs that had established
seed production activities. The program
received technical assistance from and
pro\ided field data to the Seed Technol
ogy Unit in Sapu. USAlDfBanjul also
supported seed research in its develop
ment strategy for The Gambia.

The Government of Senegal actively
supports seed research and production.
Winrock International helped national re
search and production programs by iden
tifYing and disseminating improved agro
nomic practices and appropriate varieties
to the extension staff of NGOs. and the
U.S. Peace Corps volunteers implement.
ing seed improvement activities at the vil
lage level. Winrock International also
contributed significantly to the design of
the Peace Corps Rice Initiative, World
Vision International and Christian
Children Fund's agricultural programs.
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Winrock International's assistance to
NGOs. and the U.S. Peace Corps en
hances their existing acti\;ties through
training and technical assistance. The
project has also initiated functional link
ages between regional and local groups.
national agricultural research institutions
(such as ISRA in Senegal and the Seed
Technology Unit in The Gambia) and in
ternational consortia or programs such as
the Collaborative Research Support Pr0
grams (CRSPs) including INSORMIL.

The Winrock International Seed Pr0
gram Approach

The approach ofWinrock International
has two key elements: ( I ) it is collabora
tive in that all technology dissemination
activities are implemented through coop
erating institutions, primarily NGOs.
community-based organizations (CBOs).
and in Senegal the U.S. Peace Corps. and
(2) it is participatory in that traditional
seed production techniques and problems
are examined with farmers before aeti\i
ties are undertaken. The long-term goal of
the Winrock International seed program
includes the development of -a model or
models" for on-farm seed production sys
tems which can be replicated or adapted
for use in other areas. The approach can
be analyzed from several viewpoints:

RqHktzbiJiIy

Because of the diversity of interest
among NGOs. the Winrock International
seed program adapts services to fulfill the
needs of each organization. This has
proven to be a valid means of assisting
NGO field personnel in the area of seed
technology. This approach should be rep
licated provided that training and techni-



cal assistance has the required flexibility
to tailor the service to each NGO's unique
need. The Winrock International seed
program develops basic training pack
ages in seed production and in rice agron
omy, which can be modified to fit the
needs of the particular audience. In some
cases. the Winrock International seed
program provides technical assistance in
crop production and extension rather than
in seed production, at the request of the
NGO/partner.

Innovativeness and Leadership
Development

Most seed programs in developing
countries target the market-oriented
farmers as the potential recipients oftheir
technology and, as a consequence, large
farmers are the main beneficiaries. The
approach of Winrock is to make small
farmers the priority target of its seed pro
gram. The program works at the "grass
roots level", where NGO field staff and
volunteers working at village level pro
vide the linkage between Winrock and the
lead farmers. Through its participatory
approach, Winrock encourages the estab
lishment of farmers in each village or
CBOs.

Policy Implications

A critical factor in any project is its
conformity with the national policy ofthe
country in which it is operating.
Winrock's seed activity has been consis
tent with government policy in both Sene
gal and The Gambia. In Senegal, the agri
cultural policy attempts to reduce the role
of government in the supply of agricul
tural inputs, and promote the develop
ment of private sector in agricultural en-
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terprises. Winrock' s seed program com
plements the policy by developing "mod
els of on-farm seed production systems
through the promotion of village level
seed production as reported by
Christophersen et aJ. (1998) relating
adoption of improved millet seeds as one
of the most interesting impacts on how
Winrock is helping villagers respond to
USAID/Senegal presence in their areas,
and fleshing out the synergies between
improved natural resources management
(NRM) and the new decentralization and
private sector strategic objectives (SOs)".

From Seed Demonstration Plots to
On-farm Seed Multiplication

Unlike the majority ofseed production
programs in developing countries, which
focus on developing national seed pro
grams, Winrock's approach concentrates
primarily on the introduction of seed of
improved varieties, through demonstra
tion plots and organization offield days to
enhance farmer-to-farmer extension and
provision of technical assistance on seed
multiplication and seed technology.

In most cases, as illustrated in the next
section, this collaborative approach goes
further than the relationship with only
NGOs, and extends to CBOs created by
farmers and supported by the NGOs. This
enables Winrock to reach one ofthe major
program's outputs: "some communities
will support local system or seed produc
tion and distribution either through coop
eratives or by individuals who create pri
vate firms".

A Winrock study carried out, in 1993,
by D. Heinen in northern Senegal, in co
operation with World Vision, confirmed



the development ofa marketing system of
cov'.-pea and millet seeds produced by
some fanners. The study showed that
sales of seed were indeed taking place at
different levels: among the fanners within
the village. between villages and at
weekly markets.

However. World Vision did not record
the quantities produced through multipli
cation. but only took into account the
quantities it purchased. conditioned at its
processing center and then sold as certi
fied seeds. This means that part of the
seed produced, but not recorded. ended up
being sold in various containers in the
markets and villages. Such ·"packaging··
raises the question of how such a product
can be perceived as a quality product as
opposed to what is usually sold on market.

The answer lies in the effect improved
variety demonstrations has had on fann
ers. Word of mouth advertising and rec
ognition of the competence of "bush con
sultants" (lead fanners) has generated in
creased sales. In some instances. ··bush
consultants" carry out germination tests
in small metal basins in their house and
show those to potential buyers. Inter
views show evidence that sales in the vil
lage and to neighboring villages are tak
ing place w;!b buyers coming directly to
the bush consultant's compound to buy.
cash and carry. sometimes with orders
from other fanners from the same vi lIage.

Project Beneficiaries

Winrock International has provided
training. technical assistance. and other
services to NGOs and the U.S. Peace
Corps enabling their personnel to more
effectively implement their respective ag-
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ricultural development programs in Sene
gal and The Gambia. Project
beneficiaries. therefore. includes both
NGOs and smallholder fanners.

S",GlJhohlt'r F"rmns

The programs. directly or indirectly
benefited people through seed multiplica
tion. field demonstrations. and training
programs. Conservative estimates iodi
cate that more than 100.000 smallholder
farmers were beneficiaries during the
1988-1998 period. At least two-thirds of
the beneficiaries were women. giv-en the
programs emphasis on rice. a crop mostly
grown by women in southern Senegal and
The Gambia.

Among the most visible NGO benefi
ciaries. one can include:

StlVt' tht' Childrt'll Ft'dt'1Yllion fSCFl.
Tht' Gllmbill

SCF has a diverse program in health.
food production and education in the
North Bank division ofThe Gambia. Ap
proximately 30 % of SCF's resources are
devoted to agricultural activ·;ties. and
aimed at helping 10.000 women farmers
in 24 villages to increase food production
through gardening. introduction of new
rice varieties and seed multiplication.
Winrock International OFSP project as
sisted SCF since 1988 by: (I) training
field staff fanners in seed production.
post harvest handling. and rice produc
tion: (2) prov'iding technical assistance in
rice agronomy; and (3) assisting in the
planning ofseed multiplication and dem
onstration activities. SCF rice activities
have initially involved 25 contract grow
ers producing rice seed in 10 villages. In



1991, there were 117 contract growers in
20 villages producing seed on 21 hect
ares.

Freedomfrom Hunger Campaign
(FFHC), the Gambia

FFHC works with women rice growers
in 32 villages of Lower River, North
Bank, and Mac Carthy Island North Divi
sions in The Gambia. FFHC concentrates
on introduction of new rice technologies
in tidal swamps and rainfed lowland ar
eas, promoting water harvesting, control
ling salt water intrusion, and strengthen
ing village institutions. Winrock's assis
tance to FFHC has included rice training
for field staff, field visits to monitor seed
multiplication and demonstration plots
and the testing ofa prototype rice seeder.

World Vision International,
Senegal (WVI)

WVI has an integrated development
program of water, agriculture and health
in the regions ofLouga and Thies serving
over 320 villages with a total population
of 150,000. These northern regions of
Senegal served by WVI have become in
creasingly marginal for agriculture be
cause of the reduced rainfall (250-300
mm per year) widespread deforestation,
and decline in soil fertility. Winrock In
ternational, through the OFSP and
OFPEP programs, conducted several
training sessions for WVI staff member
and farmers. Twenty-five WVI staffini
tially received training from OFSP. Forty
"bush consultants" who are responsible
for demonstrations and seed multiplica
tion with farmers also received training.
WVI conducts millet and cowpea seed
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multiplication involving 60 "bush consul
tants" in 57 villages.

Christian Children's Fund (CCF),
Senegal

Collaboration between Winrock Inter
national and CCF integrates efforts to im
prove farmers' access to good seeds, with
activities aimed at improving soil fertility
and management at the farm level. This
collaboration relies on the existence ofsix
community-based organizations financed
by a system of children's sponsorship.
CBOs are playing an important role in the
adoption and diffusion of the technolo
gies set out by OFPEP and represent a real
link in the training of farmers, the imple
mentation of demonstration plots and
monitoring ofseed activities by assigning
the best qualified and dynamic members
to serve as part time extensionists for
Winrock.

Experiences in Senegal show that easy
access to seed is a critical factor in en
hancing improved seed use because when
farmers are convinced that the improved
variety is significantly better than their
traditional varieties, the adoption of that
variety still depends on availability of
seed supplies locally. Only a decentral
ized system of seed production and mar
keting can efficiently address the issue of
providing seed to farmers in the 41 scat
tered villages composing the six CBOs.
Through the CBOs, Winrock Interna
tional trained 6 seed extension specialists
and 73 seed growers. As a result of the
training and field visits, each CBO staffis
monitoring the production ofmillet seeds
and ensuring marketing of the product.
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Implementation of Winrock Interna
tional's seed activities relied (In collabo
ration with organizations with planned or
on-going seed activities and adequate
number offield staff. Through these col
laborative programs, Winrock Interna
tional has facilitated the development ofa
model ofon-farm seed production that is
beneficial to all parties involved:

• the farmers are more easily access
ing improved seed which is pro
duced locally:

• NGOs have benefited from a seed
program that is providing useful
services to farmers;

• Research institutions' (i.e. ISRA)
technologies are being extended to
farmers, and valuable feedback is
obtained from the farmers. These
are useful for future technology de
velopment.

Furthermore, it would have been diffi
cult to develop these activities without the
training, technical assistance and facili
tating role of Winrock International.
NGO managers have many roles to per
form in the implementation of the re
search acti\'ities which include manage
ment ofpersonnel and budget, and logisti
cal support and linkages with their
headquarters. Technical aspects and
training necessary for their programs are
often difficult to manage because of lack
of time and internal technical expertise,
Winrock International has the capability
to provide services in a specific area of
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seed technology that can be useful to
NGO agricultural programs. enhancing
their effectiveness. and in tum. benefiting
the farmers.

Another conclusion of the program is
that small·holder farmers ....ho can pr0

duce quality seeds ofvarious crop \'ariet
ies can be identified in most rural cornrnu
nities ofSenegal and The Gambia. Gi\'en
the proper incentives aod adequate mar
keting opportunities, these farmers can
become "contract seed farmers- aod con
stitute the first step toward the de\'elop
ment of a private seed sector production
system.
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Rapporteur's Report

s.c. Gupta

Hybrid Seed Experiences in Developing Countries

Day 1- Session 2

All the presentations were very clear
and, therefore, there was no discussion on
the four papers presented during this ses
sion. The salient features are summarized
in the following paragraphs:

B.R. Barwale presented the story of
MAHYCO Hybrid Seeds in India. He
started producing the first maize hybrid
seed in 1964 and acknowledged the sup
port of L.R. House and the Rockefeller
Foundation. In 1965, the first sorghum
hybrid, CSHI, was released in India and
MAHYCO produced 3.2 tons of seed on
1.6 hectares. In hybrid sorghum seed pro
duction, MAHYCO faced the problem of
grain mold and, as a result, started pro
ducing the seed in the dry season. For the
first 3 to 4 years, there was no unsold seed.
They established a seed processing plant
with the assistance of USAID, and later
on developed a seed store. Initially, foun
dation seed was produced only by the Na
tional Seed Certification (NCS) agency,
and thereafter, the monopoly was re
moved. Breeder seed was given to com
petent organizations to produce founda
tion seed. These were certified by the
State Seed Service Agencies. The key
items for the seed industry are seed regu
lations, a seed processing plant and ware
housing, truthful labeling, and certifica
tion. Farmers always look for ultimate
profit and they buy good quality seed.
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Subsidy on seed is not necessary, even
though initially it helps the seed program.

Gebisa Ejeta presented the story of
Hageen Dura-I (released in 1983 in Su
dan) which led to the development of the
seed industry in Sudan. Sorghum is
grown on 5m ha in Sudan or wherever you
can grow a crop. He described different
systems of agriculture, the seed industry
organization, and the ups and downs in
the production ofHageen Dura seed. The
seed industry development is durable, but
is a slow process. He also emphasized
that poor farmers from developing coun
tries will buy the seed only if it is profit
able to them. A sustainable seed industry
is feasible only with favorable govern
ment policies and support. Public aware
ness is vital for the success of a seed in
dustry,

Bhola Nath Verma presented the his
tory and experience of the Zambian Seed
Industry. Zambia represents an example
ofa young industry in a developing coun
try with poor infrastructure and a smalllo
cal market. The industry has gone
through major changes as a result of the
political and economic climate of the
country. Initially, ZAMSEED was not in
terested in sorghum seed production, as
they were multiplying primarily maize
seed. Recently, they recognized opportu-



nities in the export market for sorghum
seed production.Generally, poliqmakers
require education and/or pressure in order
to yield to changes. Recently many seed
companies have come to Zambia.

Pierre Antoine described the Winrock
International seed production program,
which was started in 1987 in Senegal and
the Gambia. Their aim is not to create a
seed industry, but to assist fanners in seed
production. The project is supported by
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USAlD, IFAD, Cargill, etc. The project
is not yet working on hybrid seed produc
tion. Alphonse Faye stated the private
sector is responsible for seed production
and the government is responsible for
seed quality control.

L.R. House commented that every
body's input - whether it is the govern
ment, farmers, seed producers, or re
searchers - is necessary for the success of
a seed program.



Monday - September 28 -Session 3

Current Status of Seed Production

Opening Remarks

Moderator - DarreU Rosenow, INTSORMILI
Texas A&M Univenity
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Pearl Millet Seed Systems in Niger

Jupiter Jlidjeunga and Aboubakar Sidi

Summary

This paper reviews the structure and
performance offormal and informal pearl
millet seed systems in Niger. Donors have
invested more than USS45 million in seed
production projects in Niger during the
past two decades. These invesbnents have
largely failed. Public seed supply systems
operate at a consistent loss while farmers
complain about poor seed quality or lack
of seed access. In contrast, informal vil
lage seed systems work well. Most farm
ers consistently derive their pearl millet
seed from their own harvests, from neigh
bors or from v;lIage markets. Seed quality
is high and a range of varieties remain
available. Village seed systems offer a
cheaper and more efficient means of de
livering seed to farmers. Future invest
menls in seed syslems development
should target improvements in the capac
ity ofvillage seed systems to maintain and
distribute seed security stocks for drought
years. More efficient village seed produc
ers should be encouraged to become en
trepreneurs tasked ",;th the mullIplication
and distribution of new improved pearl
millet varieties.

Introduction

During the last twenty years, interna
tional and national donor agencies' have
invested more than USS45 million in seed
multiplication and distribution projects in

Niger. A series ofresearch, extension, ru
ral integrated development projects, and
NGOs have been heav;ly involved in de
veloping, disseminating v'arieties, and
distributing seed to end-users. These in
vesbnents have largely failed. The seed
production units (SPU) encountered
many difficulties, largely because of the
project's considerable scope which made
seed multiplication and distribution activ
ities unsustainable (Mazuccato and Ly.
1993). Research stations were unable to
provide SPU with the quantity ofbreeder
seed needed for funber multiplication and
less than 300/0 of improved pearl millet
seeds produced were actually sold.
Farmers, NGOs, and ruraJ iDlegrated de
velopment projects managers complain
of poor access and lale deliv'ery of seed
and poor quality of seed pro\;ded by the
public system. The low supply ofbreeder
seed, poor seed quality and poor demand
estimation and distribution systems have
been identified as the major constraints to
seed multiplication and distribution in
Niger (Ndjeunga. 1997). These combina
tion of constraints made !be adoption of
improved varieties very low (less than 1%
of the total cultivated areas) and thus the
returns to invesbnent in research and seed
multiplication are also very low.

During and after !be period of involve
ment of seed projects {1976-1992l, the
private sector has shown little interest in
seed multiplication and distribution. es-

lDooor agcncic5 include the l'Dited Slates .....8UK1 (Of lalCnllOOD&l Dn~1opmmI (l}SAlDl; dae -Fond Earopeea" Dt<I ' 5: -r

(FED); the-A~C...tiame de [)hdoppcme!'lliidernar~r (ACDlt Ibe I.nIemabmalBank f« Rec.:Cd1hlCbOO..s On......
mmt (IBRD) and go'-enutJeQI of Siga
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pecially for seed ofsubsistence crops with
high multiplication ratios such as pearl
millet partially suggesting limited market
potential for pearl millet seed. Poor per
formance of the public sector and limited
commercial interest in pearl millet seed
multiplication and distribution by the pri
vate sector prompts the need to explore al
ternative seed supply schemes. One alter
native is the village seed markets.
Farmers still draw most of their planting
seed from their own seed stocks, ex
change seed with neighbors or relatives,
or purchase seed from local village mar
kets.

Recent research in a few less devel
oped countries highlight the efficiency of
local village seed systems at supplying
seed and resolving seed shortage at low
transaction costs. In 1990, a rural house
hold survey ofsmall-scale farmers in Ma
lawi indicated that 68 percent used their
own seed stocks as their primary source of
maize seed; followed by seed from neigh
bors and relatives (44 percent) as a sec
ondary source, and a few used the local
market as a secondary seed source (4 per
cent). A small proportion of survey farm
ers were chronically seed insecure
(Cromwell, 1996). In Southern Zimba
bwe, despite the relatively well developed
seed markets, a survey of rural house
holds in 1995/96, revealed that about 64
and 44 percent of surveyed farmers draw
their planting pearl millet and sorghum
seed respectively from previous harvests.
Thirty and 32% obtained their planting
pearl millet and sorghum seed from
neighbors, friends or relatives. Seed
shortages are resolved within the village
seed trade and most transactions are free
(Rohrbach, 1997).
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This paper compares the performance
of formal and informal pearl millet seed
systems and questions whether informal
seed systems might serve the availability
of pearl millet seed in Niger. Findings
may well be applied to other countries in
the semi-arid tropics of West and Central
Africa which face similar situations
(Chad and Burkina Faso).

Historical Development of the Formal
Pearl Millet Seed Sector In Niger

In Niger, formal pearl millet seed sys
tems evolved through two stages ofdevel
opment with structural and institutional
changes. Seed multiplication and distri
bution for cereal crops started in 1976
with the Niger Cereal Research project
(NCR) funded by the United States
Agency for International Development
(USAlD). The main objectives of the
NCR were mainly focused on capacity
building of seed infrastructure with the
overriding goal to supplying annually the
quantity ofseed needed to cover one-third
of the cultivated areas. The project was
implemented in two sub-phases. The first
sub-phase was mainly used to build up the
required human and physical infrastruc
ture for seed multiplication and distribu
tion; and the second sub-phase was used
to support agricultural research and agri
cultural production. At the same time, the
project attempted to revitalize the input
supply sector especially fertilizers
through cooperatives. During this phase,
6 seed productions units (SPU) were built
and equipped with seed laboratories and
large seed storage and conditioning units.
Moreover, 4 seed technologists and 14
technicians were trained to conduct field
inspections and laboratory tests.



Variety development and breeder seed
production were undertaken by the na
tional research institute: The Institut Na
tional de la Recherche Agronomique du
Niger (INRAN). Basic seed production
was carried out by the SPU at Lossa. Ba
sic seed was bulked into registered seed
by SPUs and certified seed multiplication
was conlIacted out to farmers under the
supenision of the production and quality
control units ofSPU. Seed quality control
for breeder and basic seed; i.e field in
spections and post-han'est tests. were car
ried out by the SPU of Lossa. and thaI of
registered and certified seeds was the in
ternal responsibility of seed inspectors
and laboratory technicians within SPU
according to the International Seed
Testing Association (ISTA) regulations
as specified in the Seed Certification Act
of 1976. Improved seed was dlstributed
and sold to farmers by cooperatives.
NGOs. SPC. regional direction of agri
culture and development projects. Seed
prices for all seed classes were set by the
government. At the end of the project in
1989. despite the massive investment in
seed multiplication and distribution activ'
ities, seed production units operated at
consistent losses and thus were unsustain
able.

During this phase, the seed production
units encountered many difficulties.
largely because of the project's consider-

able scope which made them unsustain
able. Seed production units complained
ofinsufficient and late delivery ofbreeder
and basic seed by INRA'Ii and the SPU at
Lossa. Farmers had Iinle access to seed of
many varieties developed and released. In
fact. out ofthe 17 varieties developed and
released. only three varieties were actu
ally multiplied and distributed ITabies I
and 2). The project never met its objective
of supplying seed necessary to plant one
third ofthe total pearl millet cultivated ar
eas. On average during the last 5 years of
the NCR, only about IO·~ of the targeted
seed production was achieved ITable 3).
Because there were few sale points and
transportation difficulties inmh'ed in
serving scattered farmers located in
poorly accessible areas. farmers had linle
access to certified seed and seed was often
delivered late. Due to poor demand esti
mation. less than 30% of the total seed
production was actually sold (Tassiou.
1996), Because of the project's large
scope. there was less manpower available
to properly carry out all seed inspection
and post-harvest tests. Thus, only few
contract farmers were monitored and
many conlIact farmers did not often re
spect the required isolation distanee nec
essary to maintain purity. Moreover. seed
bought by SPU from contract fanners
were not properly inspected. This resulted
in poor seed quality and many farmers.
NGOs, rural development projects
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Table 2. List of varieties developed and released in Niger.

Pearl millet Agroecologicai zone Crop cycle Average potential yield Year of
varieties (mmrainfal\) (days to maturity) Hons ha"l) development

1. HKP 350·500 80-90 2.0 1975

2. HKP, 280-250 70-75 1.5 1983
3. PlKOLLO 500·600 90-95 ::! ..'i 1962-1977

4. CIVT 450-600 80-90 2.5 1977

5. ll.HK 450-600 70-75 2.0 1975

6. MORO-PI 200-300 90-95 1.8 1985

7. GR-Pt 450-600 70-75 2.5 1985
8. ANK-Pl 300-350 70-75 1.0 1985

9. HKB-Tift <300 70-75 2.0 1982

10. H-80·1O-GR 300-400 80-85 2.3 1980

II. T-18-L >250 85-95 2.0 1982

12. ITMV 8304 300-400 80-85 2.5 1983
13. IlMV 8002 300-400 80-85 2.5 1980

14. lTMV 8001 400-500 80-85 2.5 1980

15. SOUNA III >600 lntennediate 2.0 1982

16 ZATIB 300-600 Intennediate 1.5 1981
17. HKB-Pl >300 Intermediate 2.0

Source: lNRAN (1994). Catalogue Nigerien des Varietes de Cereales et de Legumineuses.

Ministere de l'Agriculture et de l'Elevage. Edition, 1994.

Table 3. Pearl millet area planted (ha)~ total seed production (tons) by variety and seed production
uoits, and proportion of the total seed produced to total seed planted (0/0) in Niger,
1991-1995.

Year
-,V",an"·,,,ety,,-__~__~ --,-[9",9,,1 1992

HKP 27.9 20.2

CIVT [99.7 22.2

ZATIB 0 0
P3kollo 0 0
Total improved seed (tons) 227,6 42.4
Area planted (000 ha) 4,386 4,939
Estimated total seed planted (tons)! 14620 16463

Ratio ofjrnproved over total seed planted ( 1.56 0,26

[993

21.0

25.4

o
75

53.9

3,860

12867

0.42

1994

[66.8

95.2

1.4

6.1

269.5

4,935

16450

1.64

1995

55.5

23.9

2.2
5.6

87.2

5,229

17430

0.50-

IThis aljswnes a seeding rate of to kg ha as actually practiced by fanners and a renewal rate of 3 years as suggested by the seed
division in Niger.

complained about the poor gennination
rate and seed viability,

Price of seed was set by the govern
ment with little consideration of grain
prices in local village grain markets and
the cost of seed production, Between
1985 and 1988, the average cost for pro
ducing certified improved millet by SPU
was estimated to 1,720 Fcfa/kg; whereas
it was sold to fanners at 100 Fcfa/kg less
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than the average grain price, 130 Fcfa/kg
in local markets (Rachmeler, 1991)_
Therefore, seed prices were highly subsi
dized by the project and at the end of the
project in 1989, due to lack of external
funding, SPU almost ceased to operate,

In 1989, the government of Niger and
donors re-assessed the seed multiplica
tion and distribution strategies and
launched another project: the Projet de



Developpement de I'Activite Semen
ciere au Niger (PDASN) funded by
USAID with ultimate objectives to build
on failure of the previous seed projects
identified as I) poor seed production
planning, 2) poor seed quality control; 3)
poor seed demand estimation, 4) distribu
tion and promotion, and finally 5) the lack
of a viable seed security stock scheme.
Unfortunately, this project never really
took offand in 1992; the project was can
celed. Once more, the government reas
sessed its strategies by decentralizing all
seed multiplication and distribution activ
ities at the regional level. Price setting and
seed production planning and distribution
were to be handled at the regional level.

The third and current phase started in
1992 with the creation of regional seed
centers. The start-up capital for these cen
ters was made from sale ofseed and fertil
izer stocks left after the PDASN. These
funds were to be administered at the re
gional level by a regional seed committee
composed of the regional administrator
(Prefet), regional director of agriculture
and representatives from other institu
tions involved in seed activities. Cur
rently, three seed multiplication and dis
tribution schemes exist: seed production
in government plots without invol\;ng
farmers, contract fanning, and a combina-

tion ofboth. The foundation seed produc
tion unit at Lossa and the SPU of
Guecheme continue 10 produce seed in
government plots without contracting out
to farmers. The SPUs of Kourougoussao
and Doukou-Doukou contract seed multi
plication to farmers, and finally the SPU
of Magaria contracted fanners for com
mercial seed and still produces registered
seed in government plots. While the other
SPU still operate with heavy losses, the
SPU of Kourougoussao incurred rela
tively little losses in 1996, and could be
profitable if one does not account for de
preciation on long-term assets (Table 4).
Large reduction of losses in
Kourougoussao were attributed 10 the fact
that farmers were entirely responsible for
seed multiplication and incurred the en
tire seed production and distribution risks
since seed is purchased by managers of
SPU on demand by private individuals,
farmers or rural development projects.
Seed quality and conditioning are rarely
perfonned because of lack of staff and
funding. Seed is distributed mainly at the
regional level or seed multiplication cen
ters and thus involves little cost. Finally
prices are set taking into consideration the
grain price and cost ofproduction. How
ever, the SPU ofKourougoussao operates
as traders. Their current role could as well
be played by the most efficient fanners or

Table 4. ProtltabWtyofSftd prod_ ualts iJI Nl&eriJI t996.

Seed Productioo lJniU
SPU of lossa
SPlJ of Magaria

SPlJ Kourougoussao

SPlJ ofGuccbeme
SPU ofDoukou-Doukou

PU of Hamdallaye

Profi' or 'om <Fcfal

(515.250)

(90S.475)

(385.362)

(2,356.675)

n.1-
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groups of fanners who could be trained
and assisted in seed multiplication and
distribution.

Currently, many seed multiplication
and distribution centers have emerged.
These schemes are initiated by NGOs, ru
ral development projects and local com
munities. In contrast, the private sector
has weakly emerged. About five private
seed growers have been reported. How
ever, these individuals are less interested
in producing varieties with a high multi
plication ratio or with no readily available
markets such as pearl millet and sorghum.
The private sector is interested in produc
ing seed of crops with low multiplication
ratio such as cowpea and groundnut or
with high multiplication ratio such on
ions, and other horticulture crops with
ready available markets for the
end-products. They have also expressed
interest in hybrid seed where there is a
higher probability ofprofit, as seeds have
to be purchased every year. Currently, in
Niger, the hybrid sorghum NAD-l is
gaining interest in the private sector.

The low commercial interest for
open-pollinated crops such as pearl millet
prompts the need to explore alternative
seed supply sources. Currently, less than
I% of pearl millet cultivated areas are
planted to improved seed varieties. Many
farmers still draw their planting seed from
previous crops, exchange seed between
neighbors or relatives or purchase seed
from the local village markets. In order to
examine and compare the fonnal and in
fonnal seed systems, a survey of institu
tions and members of institutions were
carried out.
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Methodology and Data Sources

Two sets of data were gathered at the
institutional and rural household levels to
compare the relative efficiency offonnal
and infonnal pearl millet seed multiplica
tion and distribution schemes at develop
ing and maintaining varieties, multiply
ing seed, maintaining high quality seed,
storing and distributing seed and finally
providing seed at relatively low costs.

The first set of data was obtained in
September-Octoher 1996 from an infor
mal survey of all institutions and mem
bers of institutions involved in pearl mil
let seed multiplication and distribution.
They include: four pearl millet breeders;
five managers of seed multiplication cen
ters; five regional directors ofagriculture;
the head of the seed division, and two
NGOs: Care International and
CARITAS; one private seed grower, the
President of the large cooperative union
(UNCA); and the Director ofAgriculture.
The second set of data was drawn from a
survey of302 rural households conducted
during June-July 1997 to assess the opera
tional procedures of the infonnal seed
systems, the sources of fanners' seed, the
magnitude ofseed traded, the type ofseed
transactions and the magnitude of seed
stocks in 1996 and 1997. The year 1995
was a relatively good year in tenns of
rainfall amount and distribution com
pared to 1996. This allowed a comparison
of rural household's seed purchasing be
havior between good and poor rainfall
years.

A stratified random sampling proce
dure based on agroecological zone and
accessibility to the main road were used to
select villages. The parameter detennin-



ing the agroecological zone was the
Length of Growing Period (LGP) of 75
days corresponding approximately to 400
mm of rainfall. Villages located within
the range of5 Ian from the main road were
assumed to be accessible and others not
accessible. Within stratum. a minimum of
12 villages were chosen according to the
village population size. Within the ,;1
lage. a range of 3 to 10 rural households
were chosen according to village popula
tion size. Overall. 302 rural households
were selected ofwhich 20% were located
in the more drought prone areas. and
about half the sample was positioned in
poorly accessible areas.

Current Status of Pearl Millet Forma'
and Informal Seed Systems in Niger

The performance of formal and infor
mal seed institutions will be examined
with regard to their relative efficiency at
performing basic seed activities. They in
clude: variety development and release.
seed production. seed quality. seed stor
age. and seed distribution. The overall
economic efficiency \\;11 be examined in
the light of price margins (unit sale price
minus the unit cost of production).

Variety Develop",enland Release

Pearl millet varieties developed and re
leased in seed systems should be suitable
to agroecological zones and farmers'
preferences. The extent to which this
holds determines the potential demand for
varieties by farmers and seed production
planning by seed production units. In this

context., a review of the pearl millet "ari
eties developed by the national and inter
national research institutes in Niger \\;11
be examined relative to their suitability to
agroecological zones and farmers' prefer
ences.

Since 1975. national and international
research institutes in Niger have per
formed relatively well at developing and
releasing varieties adaptable to a wide
range of agroecological zones (Table 2).
More than 17 pearl millet varieties were
developed and released'. Breeding wolk
focused on the developmem ofhigh yield
ing. early maturing. pest and disease re
sistant varieties adapted to a wide range of
agroecological zones using local
germplasm. \fore than 50% ofthe ,-ariet
ies developed and released are grown in
areas with average rainfall between 200
and 350 mm and the remainder can be
grown in environments of more than 400
mm ofaverage rainfall. About one third of
the varieties released are shon-maturing
(less than 75 days of days to maturity);
about 50 percent are intermediate (80-85
days to maturity) and the balance are
long-maturing varieties. More than 60".
of the varieties released resuh from the
purification of local culti,-ars through S I
testing with selection for pest and disease
resistance. high yield. and early maturity
as the basis for purification_ Fi"e local ,-a
rieties formed the basis ofbreeding wolk
namely: Hainikire. Moro. Guerguera.
Ankoutess and Zanfaroua. For example.
the series of impro"ed varieties (HKP.
HKP3. H HK. HKB-Tift. HKP-P I)

= The \"IJ"ietlcs ~lea.sed include: HKP. HKP. P. KoUo, CI\I.· .. HK. ~toRo-Pl. GR·P!. ."-SK·PI. HKBrl1l H-SO.IiJ..GR.. T I:S-L
IT\I\" 8001. mlV WO:!. mt\" 83o.t. SOl~:\ 3.ZATIB. HK.B-PI

73



were obtained from the purification ofthe
local variety Hainikire.

Overall, the formal seed systems pro
vide a wide range ofvarieties that are suit
able to all agroecological zones. How
ever, the formal seed system performed
poorly at promoting pearl millet varieties.
Only a few of those varieties released are
actually multiplied and distributed. From
1991 to 1995 only 4 varieties: HKP,
CIVT. P3Kollo and ZATlB were multi
plied by seed production units. Between
those, aggregate production during those
years indicate that about 54% of the seed
produced was CIVT and 43% HKP (Ta
ble 5). During the last 15 years, the formal
seed system has performed poorly in re
leasing varieties. No variety has been re
leased although there is a wide set of
promising varieties in the pre-release
stage'.

For centuries, farmers have been seek
ing to maintain old varieties or specific
sets of traits. Survey results also indicate
that large, long and compact panicles, and
large grains are the main criteria of seed
selection by farmers. About 90 percent of

the surveyed rural households select good
panicles right after harvest, while only 7
percent select seed based on plant traits.
Survey results also indicate that, collec
tively, farmers grow up to 33 varieties of
which 3 are improved varieties (CIVT, P
KOLLO, HKP). There is a large number
of varieties available within departments
and agroecological zones. Averages of 15
and 17 pearl millet varieties were found to
be grown by departments and within
agroecological zones respectively. There
fore, there is a wide range of local variet
ies available at the local level.

Overall, the formal seed system con
tributes little to the demand for seed ofva
rieties or the promotion ofreleased variet
ies. Many farmers still grow their local
varieties. The low interest in currently im
proved varieties may be explained by lim
ited improvements offered by the new va
rieties which may, in tum, partially ex
plain the failure of the formal seed
system. Mazzucato and Ly (1993)
claimed that .... the majority of the seed
multiplied were local purified varieties.

--_._...._--- ,
Ap'roecological.zone road accessjbilitv and year

Less than 75 days of LOP More than 75 days ofLGP

Poor access Good acces!i.._ f--Poor access Good access

1996 1997 1996 1997 1996 1997 1996 1997
Number ofobservations 27 39 124 115

Table 5. Proportion of seed planted from alternative market sources by agroecological zone and
road accessibility in Niger 1996-1997

Seed sources
Own seed stocks 99.7
Friends, neighbors, relatives 0.3
Village markets 0.0

NGO, Projects, SPU, and RC 0.0
Total 100.0

81.7

2.4

15.9
0.0

100.0

97.4
1.3

1.3

0.0

100.0

83.2

1.0

3.2

12.6
100.0

92.8
2.6

4.4

0.1
100.0

87.0
5.9
6.7
0.4

100.0

90.8 77.3
2.7 10.2
5.7 12.3

0.9 0.3
100.0 100.0

3The varieties in the pre-release stage include: ICMV 89305. ICMV 92222, IC'MV 94 206, MTDO 92, MTTY 92.
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Because these varieties were not by
brids, it was very easy for fanners to
maintain the improved cbaracteristics by
selecting and retaining the seed from year
to year". Efforts to release and promote
current pearl millet varieties by the formal
seed systems are warranted. The consis
tent use of improved varieties may make
it easier for farmers to maintain this
germplasm on their own.

Pearl Millet Seed Prothlction by tlte
Fonntll find Infonntll Seed Sectors

The relative importance ofthe quantity
of seed produced by each sector is mea
sured with regard to the share ofseed pro
duced relative to the total quantity ofseed
planted by farmers in Niger. Despite the
large investments in seed multiplication
and distribution. the formal seed sector
has consistently produced a negligible
share ofthe total seed planted by farmers
in Niger. Between 1991 and 1995. for ex
ample, less than I % of the total seed
planted was supplied by the formal seed
sector (Table 3). These results are consis
tent witb the rural housebold survey
wbich indicates thatabout I percent ofthe
total seed planted in 1997 was from the
formal seed sector. (Table 5).

Farmers draw the largest share of their
planting seed from their own stocks. Sur
vey results indicate that about 83% of the
total seed planted in 1997 was drawn from
farmers' 01011 stocks. 7% from relatives.
neighbors and friends; 9% purchased seed
from the local village markets and 10.•

from rural integrated projects. NGOs.
seed production units and research sta
tions (Table 6). Farmers' own stocks is
the preferred source of seed. As long as
the climatic conditions are favorable.
farmers ,,;11 draw their entire seed needs
from their own stocks. In 1996. for exam
ple. which was a relatively good year. on
average 93% ofthe total seed planted was
dra,," from farmers' 0"11 stocks (Table
6). This beha\';or is consistent across
agroecological zones and village accessi
bility.

Overall. the informal \;lIage seed sys
terns provide the largest share ofthe total
seed planted by rural households regard
less of agroecological zone and accessi
bility to the main road. In contrast the for
mal seed system is a minor contributor to
the seed supply. Funher improvement in
seed production should target local seed
supply systems.

T.b... 6. C b...do. of I1lnI _ poarI _ .........ks' ...-.11 by ",NO ,I V ..
zo ad rood .ccesslbUltll. :-llc<r(t996-I997.

~__C:=~ __~_~_ .. .

_______~......Il!.."""'....""",o!.I..._1!!<.l~~" _ \CW

__--"l.="'.tt:.D ":"s ."" of LGP '-toR tbap ..~ d.'''S. ol LG",P _
__~_~ .._~~_f'@.~__~.(-'2'Qd_.I(~ _

1996 1'J!7_~_1~~_109'! . 19% 199"' l~__!~ .._
!'Iiumbcr ofobscrvaDoos
I"aftIImpefseed ......' 7 :

less than ~~••

8ch\--een1S and 5()L.,

8dwcen 50 and 75-..

Between 75 and 99'".

\tOR: than I~.

TouJ

0.0

0.0

0.0

J.7

96'
100.0

J.'" 6" 6." '''5 5::: >0
"'_4 00 00 08 ~ :' ::: t- .....

11.1 0.0 )J 14 )~ ~6 "0

J:l 0.0 6" 4.0 8.1 =.6 ~~

1'-.1 933 83 J _---!}-J__ .-=-.!-.9__jl;:iL~~-."".__
1lJQ.0_---.!oo.0__'QQ9__.~@O 100.0 l000_.~I<-;)-'}
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Seed Quality ofPearl Millet Seed Pro
duced by the Formal Seed Sector and
Farmers' Seed Stocks

A seed ofhigh quality as defined by the
fonnal sector in Niger follows the stan
dards of the International Seed Testing
Association (ISTA). They include a high
percentage ofgennination rate (97-98%),
low moisture content (12%) and a high
level of physical purity (98%). In addi
tion, genetic purity of about 98% is re
quired through field inspections. In the in
fonnal sector, observable grain character
istics such as: inert matter content,
unifonnity of color, uniformity and large
grain size, shape, texture and low in
sect/disease attacks are the main criteria
ofquality preferred by fanners. However,
fanners did not point out gennination rate
as one of the main seed quality criteria.
This may occur because fanners encoun
ter few problems ofgennination. Though
it may be an important standard in the in
fonnal market, no one perceived it to be
problematic. Seed quality criteria per
ceived by fanners differ from to those of
breeders. While the fonnal seed sector
emphasizes on some genetic characteris
tics of purity or gennination, fanners do
not necessarily care.

During the period of involvement of
seed projects (1975-1993), seed quality
was low. Numerous complaints of poor
seed quality from NGOs, rural develop
ment project managers and farmers were
recorded. "Few visits were made by qual
ified personnel to inspect the conditions
under which the seed was grown. Often,
farmers did not respect the isolation dis
tance from other fields required to main
tain purity in the grain grown for seed"
(Couvillon, 1985). At the end of the pro-
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ject, the entire quality personnel left the
seed production units due to lack offund
ing and incentives. Therefore, during the
last five years, no quality control has been
perfonned by the SPU. Consequently,
NGOS, rural development projects and
fanners purchasing certified seed com
plain of their poor gennination rate; and
are reluctant to purchase seed from state
seed projects. Even in Lossa, where basic
seed is produced, the gennination rates
are low, averaging 70 percent, far below
the 1STA standards. Fonnal seed systems
are unable to meet the required standards
set by 1STA and it is unlikely that they
will ever contribute significantly to seed
quality with continuing funding con
straints.

In contrast, local village seed systems
offer high quality seed to end-users ac
cording to their set of standards. Labora
tory tests indicate that farmers' seed
stocks have acceptable levels ofgennina
tion, moisture content and low incidence
of seed borne fungus diseases consistent
with their set ofstandards. Fanners' pearl
millet seed stocks were found to have ac
ceptable levels of gennination and mois
ture content. Individual results on viabil
ity testing offanners' pearl millet seed in
dicate that the gennination rate ranges
from 71 to 98% with an average of 88%.
Fifty ofthe seed lots were above 87.5 per
cent gennination. There was no differ
ence in germination rate based on
agroecological zone and accessibility but
differences were found in moisture con
tent based on agroecological zones. The
moisture content ranges between 7 to
17% with an average of9%. Only 10 per
cent of the seed lots were above the 12
percent moisture content. These rates
were higher in relatively more humid ar-



eas (more than 75 days ofLGP1. but were
kept at a reasonable level ofmoisture con
tent so that germination was not affected.
The results may explain why fanners do
not perceive germination as a problem
since they do not encounter large germi
nation problems. Moreover. at the current
average high seeding rate of 10 kg/ha as
practiced by fanners. it is unlikely that
they encounter germination problems
(Ndjeunga. 1998).

Pearl Millet Seed Storage

Due to the perishability ofseeds as liv
ing organisms and the seasonality ofboth
seed production and use. seed storage is a
very important function. Seed storage is
undertaken for several purposes and takes
different forms. including long-term stor
age ofbreeder seed and other seed classes.
the maintenance ofvarieties. and seed se
curity stocks. especially useful during
drought years. Poor storage is often asso
ciated with poor seed quality. In this sec
tion. the relative efficiency of seed sys
tems at storing seed. and ability to hold
and manage seed security stocks will be
examined.

Formal state seed production units are
all equipped ",ith large storage facilities.
A survey of those facilities indicated that
they were poorly ventilated. exposing
seed to a host ofdisease and pests hazards.
This. in tum. panially explained the poor
seed quality reponed by fanners. NGOs
and rural development project managers.
On the other hand. fanners store seed in
well-ventilated granaries. Pearl millet
seeds are often stored in the form ofsingle
or bulked panicles and rarely in the form
ofgrains and are always located out ofthe
immediate reach of people. often at the
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lower end of granaries. These granaries
are separated fTom their homes 10 a\'oid
potential fire hazards. Other traditional
storage techniques such as the use ofash.
tree bark. and leaves were not found. The
average storage time is about 7 months
which corresponds to the time span be
tween harvest and planting: Few farmers
were found to store seed more than a year.
Due to large risk associated ",ith seed
drawn fTom other sources than farmers'
own seed. exchange with friends and rela
tives or purchase fTom village markets.
there is a high incenti\'e for farmers 10

store their own seed. Failure to hold seed
stocks reflect fanners' inability to main
tain and manage seed slocks. Therefore
investment in training farmers 10 bener
store their seed may be warranted
(Ndjeunga. 1998).

Pearl Millet Sud See"ri/)' Stocks

In 1996 and J997. national estimates
point to 20 and 39";. of \illages which
were shon on cereal grain. The \ilIages
sbon on cereal grain are de/acto consid
ered as being shon on seed to plant. There
is no estimation of seed shortages per se,
rather inferences drawn from cereal sbon
ages. From the government's \'iewpoint. a
village which is sbon on cereal grain is
automatically sbon on seed. Estimates of
6.000 and 12.000 tons respectively in
1996 and 1997 were reponed for pearl
millet seed shortages of which 60"0 of
these are pearl millet seed (MAG EL.
1998a). These figures are largely
over-estimated given the actual potential
seed needs of about 17.000 tons of pearl
millet seed. It is likely that seed provided
to farmers through drought relief pro
grams are merely consumed as grains.



In contrast, survey results indicated
that very few villages were completely
short of seed to plant. In the survey, only
one village Garbey Gommande reported
being completely shorton seed because of
very poor yields. In 1997, survey results
indicate that 27 percent of rural house
holds held seed stocks less than their
planting seed (Table 6). Paradoxically, a
high proportion of seed short households
were found in favorable environments.
Farmers in poor environments tend to
hold some seed stocks no matter how
small it may be, because of fear to loose
adaptable germplasm to their harsh envi
ronment. Survey results indicated that 3
and 12% ofrural households did not hold
any seed stocks in drought prone and
more favorable environments respec
tively. No significant differences in seed
stockholdings by households was found
based on agroecological zone and acces
sibility. However, seed shortages are well
resolved through exchange between
friends and relatives or purchase through
local village markets. There did not ap
pear to be a serious problem with seed
shortage resolution through the informal
seed system. However, there may be need
to invest in training farmers to better seed
selection and storage methods.

Pearl Millet Seed Distribution

Seed distribution is a multi-faceted
process involving both the physical
movement and handling of seeds and the
actual exchange of seed and money be
tween and among producers, traders and
farmers. It involves different yet closely
related functions including: physical lo
gistic operations (handling and transport),
market research, promotional activities,
the buying and selling functions associ-
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ated with wholesale and retailing and the
related functions of risk-bearing and fi
nancing. Seed distribution can be very
costly in environments where farmers are
scattered and located in poorly accessible
areas. Seed production units in Niger
have encountered many difficulties dis
tributing seed to largely scattered farmers
located in poorly accessible areas. Less
than 30% of the total seed produced was
actually planted.

In contrast, the local pearl millet vil
lage system is efficient at supplying seed
to end-users. Survey results indicate that
about 41 percent offarmers surveyed sup
plied seed to other farmers, 19 percent
were seed recipients and 40 percent were
neither recipients nor seed suppliers. No
association was found between seed sup
pliers/recipients and agroecological
zones or accessibility. Seed suppliers are
often large grain producers. On average, a
seed supplier produces 2,194 kg of grain
against 1,420 kg for seed recipients
(Ndjeunga, 1998). These types offarmers
should be targeted and assisted to under
take seed distribution.

Village market seed transactions are
flexible and dominated by cash, followed
by barter, exchange and free transactions,
regardless ofthe agroecological zone and
accessibility. In 1997,50 percent of seed
traded within the rural community was for
cash, 30 percent was free gifts, and the re
maining was barter transactions. A simi
lar trend was observed in 1996. Cash
transactions are likely to be observed in
large communities. Because of imperfect
information between households in large
populated areas, farmers may not know
each other's seed stock holdings. This
problem is lessened in smaller communi-



ties which are made of fanners with fam
ily ties, who interact frequently and share
risks. Gift transactions are found in favor
able environments where more fanners
hold large seed stocks. Survey results in
dicated that 97 percent ofgift transactions
were located in more favorable environ
ments. Non-cash transactions are less
known. The level of reciprocal obliga
tions which sustain such transactions
needs further consideration. Limited data
suggest that often fanners trade seed of
different varieties.

The average quantity of seed traded
varied according to the type of transac
tions and agroecological zone. Cash
transactions are higher on average, 28 kg
against 7 kg for gifts and 8 kg for barter. In
the poor environment, survey results indi
cate that in 1997 and 1996, there were no
barter or gift transactions. While, fanners
travel an average II km to purchase seed.
the average distances for barter and gift
transactions were estimated to 0.625 km
and 0 km respectively.

Pearl millet seed channels are centered
around the grain as many fanners pur
chase high quality grain as seed from vil
lage markets. However, fanner-to-fanner
seed exchange remains the main distribu
tion channel followed by fanner-to-grain
traders. Due to insufficient offer ofgrains
through domestic production, there is an
active grain import from neighboring
countries such as Nigeria and Mali via
Burkina Faso. In general, grain is chan
neled through 4 distribution networks
centered around Niamey, Maradi and
Zinder. Large suppliers from I'igeria of
fer grain to Maradi which in turn supplies
Tahoua., Arlit, and Niamey along with its
domestic production. Large suppliers
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from Nigeria also offer grain to Zinder
which in turn supply grain to Agadez.
Tanout. and DitTa. Also. pearl millet
grains are supplied by Mali and Nigeria to
Niamey. Imported grain is solely used for
domestic consumption. Fanners claimed
that those grains are of poor quality and
are not adapted to their agroecological ar
eas. Thus. grain purchased as seed are d0
mestically produced. Seed purchased are
well known varieties. Grain traders in
Niamey differentiate imported grain from
domestic grain. There is often a margin of
10 cfa/kg between domestic and imported
grain. Fanners as well as grain traders
may be used as seed distributors.

SeN Pricing turd Costs ofPellrl
Milkt Seed ProdIIctiOll

Seed pricing is an important compo
nent of seed marketing thaI determines
the sustainability of seed multiplication
and distribution activities along with
costs ofseed production. Sustainable seed
multiplication and distribution requires
the average sale price to be higher than a\'
erage cost of production. Seed pricing is
dependent on the type ofproduct. For \11

rieties or composites, one cannot expect
seed price to be far higher than grain price
as grain is a perfect substitute for seed. In
this study, the margins over !be cost of
production will be used as a criteria for fi
nancial efficiency ofseed systems. Com
parisons of seed to grain prices ".ill also
be used to ascertain the potential demand
for seed by fanners.

During and after the period when seed
projects were active. seed production
units operated at heavy losses if we ac
count for depreciation on long-term assets
inherited by the Niger Cereal Research



Project (Table 3). Between 1985 and
1988, the average cost for producing cer
tified improved millet seed by SPU was
estimated to 1,720 Fcfalkg, whereas it
was sold to farmers at 100 Fcfa/kg less
than the average grain price, 130 Fcfa/kg
in local markets (Rachmeler, 1991). In
1996, the average cost ofseed production
was estimated to vary between 305
Fcfa/kg in Kourougoussao to 1633
Fcfa/kg in Lossa. Therefore, price of
seeds was largely subsidized with regard
to seed sale prices which vary between
130 Fcfa/ha in Magaria to 250 Fcfa/ha in
Lossa. To be financially sustainable, seed
production units have to sell seed at prices
varying between 6 to 8 times the average
grain price depending on SPU (Table 7).
At these sale prices, the margin (sale price
minus average cost of production) over
the cost ofproduction per kg of seed sold
by seed production units are all negative
and varied between -0.49 and -0.90. For
every dollar invested in producing seed,
on average seed production units incur
losses between 50 and 90 cents. There
fore, this scheme is unsustainable. How
ever, ifone does not account for deprecia
tion on long-term assets inherited from
the NCR project, assuming that the cur
rent seed multiplication schemes do not
need this heavy infrastructure, the SPU
could be profitable with profits estimated

at 14 Fcfalkg. This profitability occurred
because farmers are entirely responsible
for producing seed and assume all the pro
duction and distribution risks. These seed
production units are simple seed traders
who purchase seed as the demand is ex
pressed by NGOs, rural development pro
jects and farmers. These seed multiplica
tion units neither perform quality control
nor do they incur significant transporta
tion costs since seed is supplied to seed
production centers or regional offices of
agriculture. These examples show that
farmers could undertake seed production
on their own if they are properly assisted.
The current intermediary role played by
SPU could well be undertaken by the
most efficient farmers or groups of farm
ers assisted and tasked with multiplica
tion and distribution of seed.

Appropriate Roles of the Formal and
Informal Pearl Millet Seed Sectors

Formal pearl millet seed systems are
unreliable sources of seed supply which
offer poor access to improved varieties
and operate at high transaction costs.
Therefore, it is unlikely that they will ever
be financially or economically sustain
able. Formal seed systems perform as
well as local village systems at develop
ing and maintaining varieties, offer vari-

Table 7. Pearl millet seed and grain prices in seed production units in Niger, 1996.
--''----'-----~

____"'Se""e"-dP,roduction Units
Price (Fcfalkg)2 __-..Lq;;sa1 Kourougoussao Guecheme Magana

Seed 250 150 175 130
Grain 157 97 131 151

J:lM"'ar'!lg'"in"'s -'9"'3'!.orS"'9-lr'''YoL] -2532jr.,,52,,\{:..J,] 44i34%'l-] ----'-2,,1J:[-c!'14,,\{'j>j,]-'_

1 Basic seed production and the other centers certified seed production.

2 Nominal consumer grain price al planting period in the nearest market (average June & July)

Source: Seed Production Units and SIMfOPVN (1998)
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eties ofcomparable value with local vari
eties, and are weak in perfonning all other
activities (Table 8). In contrast, local \;1
lage seed systems in Niger are working
fairly well. They perfonn well at supply
ing seed to end-users, maintaining and
disseminating varieties, distributing seed
at relatively low costs and mainlaining ac
ceptable levels of seed viability, purity,
and seed health. This gives no reason to
believe that there is a structural problem
with pearl millet seed quality. Overall. the
fonnal seed systems do not contribute
much in the developmenl ofseed systems
as a whole. However, the infonnal system
as well. is unable to cope with contin
gency seed needs. Other means to deliver
contingency seed needs to end-users
should target the development of local
village seed systems.

Local village systems have a number of
strengths that can be utilized to resolve
contingency seed needs. A large number
of varieties easily accessible by fanners
are available at low transaction costs.
Seed quality of fanners' stocks is of ac
ceptable quality. The local village seed
systems are endowed with potenlial seed
producers who are large fanners and

could be encouraged and assisted in
small-scale seed multiplication schemes.
Even if this activity may not be economi
cally profitable for them, il infers some
social status. A large share of invesnnent
in seed systems should target the de\'elop
menl of local \'illage seed systems.

This situalion could change if 11eI" va
rieties or hybrids which may y;eld signifi
cantly more than local or current \'arieties
are made available in the market. Then,
the role of the fonnal seed systems could
be limited to providing breeder seed to ef
ficient fanners, groups of farmers or co
operatives to produce seed of other
classes (basic. registered and cenified
seed) and facilitate the interaction be
tween fanners. research institutes. rural
development projects and NGOs. This
will require additional invesnnenls in
training efficient fanners and groups 10

seed production techniques \'ia NGOs or
well-established local organizations.
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Review of Sorghum Hybrid Research in Niger

Issoufou Kaprao, Moussa Adamou,
Gebisa Ejda, and John D. Axtell

Introduction

Sorghum is the second most imponant
food crop in Niger following pearl millet.
It is grovin in rainfed regions of the coun
try that receive approximately 400-800
mm of annual precipitation. The annual
sorghum acreage has increased from less
than 500.000 hectares in 1961 to two mil
lion hectares in 1996. In contrast. national
average yields declined from 0.6t ha in
1961 to 0.2 t ha in 1996 (FAO'SM1AR.
1997). In a country where only I 2% ofthe
land is available for rainfed agriculture.
cultivation in marginal lands with declin
ing fertilily and the wide use of
poor-yielding local cullivars are largely
responsible for the limited agricultural
productivity.

It is widely acknowledged that yield in
creases offer the best approach 10 solve
increasing food demands in developing
countries (Pinstrup-Andersen and
Pandya-Lorch. 1995). Hybrids are kno..n
to capitalize on the phenomenon of
beterosis to produce higher yields than
open-pollinated varieties. even under
stress conditions. Adoption of hybrids
would also be beneficial to the environ
ment since high and stable productivity
may restrain the desperate use ofmarginal
soils (Kapran et al. 1995),

Crop improvement research in Niger
was staned by the Institut de Recherches
Agricoles Tropicales et des cultures
vivrieres (IRAT). a French research orga-
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nization. Current responsibility for agri
cultural research in Niger is held by the
Institut National de Recherches
Agronomiques du Niger (INRAN) cre
ated in 1975. INRAN has a broad mandate
to contribute to national food
self-sufficiency through genetic improve
ment ofcrops like sorghum and pearl mil
let. Sorghum breeding goals include lhe
development and release of genotypes
with high and slable )'ields. resistance to
biotic and abiotic stresses. and possessing
good food quality. In the 19805. sorghum
breeders at INRAN in collaboration with
the International Sorghum and Millet Pr0
gram (INTSORMIL) added a hybrid test
ing component to the selection of im
proved cultivars. It was felt that the use of
heterosis is in line with INRAN's man
date. Research on sorghum hybrids in
Niger has moved steadily forward aod is
expanding gradually from experimental
activity towards a private commercial 0p

eration. The purpose ofthis paper is to re
view progress in breeding sorghum hy
brids in Niger. including the initial work
by IRAT. evaluation of experimental hy
brids by !lIi'RAN. aod effons by NRAN
to promote production aod marlceting of
hybrid seed in the private sector. Experi
ence elsewhere shows that hybrids hav'e
the potential of modernizing the agricul
tural sector ofa country.

Sorgbum improvement b)" IRAT

During the 19505 and 1960s. emphasis
was placed on the breeding and or intro-



duction of open-pollinated varieties. Ini
tially, local land races were collected and
evaluated at several research stations. Af
ter going through mass selection, some of
the best adapted locals including BDF,
JanJare, and Bagoba were released back
to farmers. Some of the land races were
also crossed to exotics in pedigree breed
ing, which led to the development of im
proved varieties like UO (137-62 x
JanJare) released in 1974. Although com
mercial sorghum hybrids were intro
duced, tested and found superior to
open-pollinated varieties during the
IRAT program, they were rejected on the
basis of grain quality problems, and the
perception that they were excessively in
put-dependent (Chantereau and Adamou,
1977).

INRANIINTSORMIL Evaluation of
Experimental Sorghum Hybrids

With the advent of collaborative re
search between INRAN and
INTSORMIL, the sorghum breeding pro
gram in Niger got access to germplasm
and experiences from other parts of the
world. Sorghum hybrids were synthe
sized by crossing adapted pollinators (R
lines) and seed parents (A lines) of di
verse origins that were provided essen
tially by the INTSORMILlPurdue Uni
versity sorghum program. The objective
was to evaluate the superiority of hybrid
sorghum cultivars under the marginal
growing conditions prevalent in much of
Niger (Kapran et ai, 1997).

Approach

Starting in 1983, experimental sor
ghum hybrids were tested at several
INRAN research stations. Testing be-
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came more systematic with two
INTSORMIL supervised - M.S. research
projects (Kapran, 1988; Tyler, 1988). Se
lected hybrids gradually moved from ob
servation nurseries to advanced yield tri
als across several locations in Niger. Elite
hybrids were also evaluated in the West
African Sorghum Hybrid Adaptation
Trial (WASHAT). Specifically, the sin
gle cross between TX623A and MR732,
later named NAD-I, emerged as the most
promising based on the summary of the
cumulative data collected over the years
both on-station and on-farm.

Results

A summary of annual analyses ofdata
reported by INRAN sorghum breeders is
presented in Table 1. Experimental hy
brid yields averaged approximately 2
tonslha. The best hybrids yielded up to 6.5
tons ha whereas best variety checks never
exceeded 3.8 tons ha. These results con
firm the findings of the two graduate the
sis projects conducted at Purdue Univer
sity and initiated the trust in sorghum hy
brid research in Niger. Kapran (1988)
reported heterosis values of45% under ir
rigation and 66% in rainfed conditions of
Niger. In the same tests, hybrids also out
yielded local checks by 61 % with irriga
tion and 49% under rainfed conditions.
Tyler (1988) found that hybrids with par
ents grouped as exotic, intermediate, or
local, were higher yielding than their re
spective parents by an average of 127%,
83%, and 66%. Respectively from the re
sults of these early thesis projects and
subsequent national tests conducted
through INRAN and INTSORMIL col
laboration, the agronomic value of
heterosis for Niger's agriculture was
demonstrated.
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NAn-I, a medium-maturing, white
seeded hybrid with good tolerance 10

mid-season drought, was the most altraC
tive cultivar to breeders and farmers alike.
In national trials, its yield average was 3.1
lons/ha between 1986 and 1992. Also in
the 1989 WASHAT trial. it ranked third
among 20 entries for grain yield at nine
locations across West and Central Africa
(ICRlSATiWASIP, 1989). Estimates of
NAD-I yield potential with fanner man
agement were obtained starting in 1993
(Table 2). Averages vary between 1.7
tOll!ba and 3.3 tons/ha. Despite severe
drought conditions, the hybrid was supe
rior to Mota Maradi (MM), an
early-maturing and widely adapted local
variety. Also, from on-farm trials of the

regional sorghum network (ROCARS).
the yield ofNAD-1 was 8~,. higher than
the average offarmer checks. This kind of
field performance created a strong farmer
inlerest in NAD-I over the years and
stirred up the issue of reliable seed pro
duction 10 satisfY fast-growing requests.

Towards Marketing of Sorghum H)'
brld Seed in the Private !>«tor

Starting in 1989, NAD-I seed has been
regularly produced in isolated fields at
INRAN research slations. to evaluate the
feasibility ofcommercial hybrid seed pro
duction in Niger. Best locations and other



environmental effects, as well as the im
portance of field management on NAD-l
seed production, have been closely evalu
ated. Some of the most cnlcial factors in
clude the availability of irrigation water
for a more reliable seed production, a high
level of soil fertility to counter frequent
soil variability, and in the case ofNAD-l,
the need for staggered planting since pa
rental lines have different maturities. We
have estimated that under good manage
ment, up to 1.5 tons/ha of NAD-l seed
may be produced. It has been repeatedly
demonstrated that hybrid seed production
is possible in Niger.

Initiation ofHybrid Seed
Production in the Private Sector

Experience elsewhere in the world
shows that the production ofgood quality
seed in adequate quantity is best realized
by the private rather than the public sector
(L.R. House, 1995; pers. comm). Having
a hybrid that appeals to farmers and can be
reliably produced are key elements for
seed marketing. In 1995, INRAN and
INTSORMIL took definite steps to facili
tate the production and marketing of
NAD-l seed by interested private parties.

Since there are no local seed compa
nies interested in seed ofhybrid cereals, it
was decided to sell the seed at an average
of eight times the price of grain on the
market or CFA 800. Selling seed and pro
viding a profit margin encourages the pri
vate producer, whereas subsidizing the
availability of seed by the government
creates a situation with which the private
sector cannot compete.

INRAN continues to collaborate with
INTSORMIL in training and technically
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supporting new seed producers. As the
latter gain confidence, INRAN will grad
ually abandon the production ofcommer
cial seed. Beginning seed producers will
be encouraged to limit their field size to
no more than 0.5 ha, to receive good pa
rental seed and advice on field manage
ment, seed storage, etc. A manual on hy
brid seed production was developed and
used in 1997 and 1998 to provide practi
cal training to seed producers and their
technicians. This will be discussed in a
separate paper during this workshop.

Table 3 shows that a modest increase in
hybrid seed production has been
achieved, and that private producers are
gradually taking a bigger role in quanti
ties/produced. Production is still far be
low needs (Table 3), but it also shows the
existence of opportunity for commercial
seed activity. Based on a planting rate of
10 kg/ha, private involvement will be
needed to produce the 2,000 tons of seed
which will be required even if only 10%
of the sorghum acreage is planted with
hybrid seed. This is' especially true since
the public sector does not have the more
than 1,000 hectares of good land which
would be for seed production ofall crops.

Conclusions and Prospects

Research on sorghum hybrids in Niger
has demonstrated conclusively the supe
rior agronomic potential of hybrids in
comparison with open-pollinated variet
ies. Based on the example of the NAD-l
hybrid, INRAN and INTSORMIL are
now collaborating in helping hybrid seed
production and marketing to become a vi
able activity in the private sector. In the
last two years, more hybrid seed than ever
has been produced and easily sold in
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Niger. This should move forward quickly
since there is interest on the part of farm
ers to purchase seed, on Ihe part of gov
ernment to pull out of seed production,
and on the part of private individuals to
invest in seed production.

There are still important questions to
be answered, including the need for capi
tal [0 help beginning seed producers, for
farm equipment to improve production
and conditioning of seed, and for adapta
tion ofmarketing techniques. Last but not
least. quality control must be addressed in
a planned way through a seed law and cer
tification program. It is however felt at
this time, that getting production to a level
of routine activity is the most crucial. so
that farmers and seed producers take ad
vantage of improved technologies like
NAD-1.
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Experience ofNAD-l Seed Production at Djirataoua
Irrigated Perimeter, Maradi Region of Niger

Laouali Dogo and Oumarou Issa

Background

We will begin with a short description
ofthe Djirataoua irrigated perimeter (IP).
Geographically, it is located 10 km south
of Maradi and 700 km east of Niamey.
The IP was constructed in the more fertile
central basin of the Goulbi'n Maradi
River, with funding from the former
Maradi Rural Development Project
(1982). The IP covers 512 hectares ofirri
gable land, out of 7300 hectares initially
available for improvement. Water is ob
tained using electric pumps in deep wells,
10 to 35 meters depth. Forty ofthe origi
nal43 wells are still in use. Water is taken
to the plots in cement canals. Soils are
sandy, easy to drain, and flat. A 2400 m
protection wall separates the perimeter
from river floods. The socio-economic
objectives ofthe IP are to help rural fami
lies reach food self-sufficiency through
intensive agriculture. It is estimated that
876 heads of household own a plot, ie.
more than 10,000 people live offthe IP. A
farmer plot is usually about 0.32 hectare.
Crop production is year round, with two
main seasons of activity. During the
rainfed season (May to September), crops
grown are sorghum (50%), millet (2%),
maize (0.5%), hot pepper (15%), toma
toes (5%), cotton (25%), and others (2%).
During the dry season (November to
March), wheat (68%), onion (15%), green
and hot peppers (15%), tomatoes (3%),
and others (2%) are grown. Net estimated
monetary returns to the IP farmers are of
Fcfa 200 million from cash crops alone
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(cotton, pepper, onion, tomatoes, wheat
and others).

For food crops like sorghum, yield av
erages are 2.55 t/ha forlocal varieties, 3.1
t/ha for improved varieties, 4.7 t/ha for
NAD-l (on real size plots since 1997).

Experience with NAD-l Seed
Production at Djirataoua

INRAN/INTSORMIL involvement: in
1995, after several demonstrations of the
NAD-I cultivar on the perimeter, INRAN
and INTSORMIL started a new approach
of technology transfer: farmers them
selves got involved in producing the hy
brid seed. These farmers were contracted
to produce the seed for INRAN during the
two crop seasons. In exchange for mone
tary support, farmers were supervised by
INRAN staff to produce, thresh, and bag
NAD-l seed for INRAN. However, farm
ers got to keep the grain produced on the
male parent. This deal was arranged in
collaboration with the co-op manage
ment. One important learning experience
was the failure of this activity during the
dry season due to excessive stemborer
damage, and the success achieved during
the main season in part due to the skills of
the Djirataoua IP farmers.

ONAHA seed project: this is a support
project intended to bring technical and fi
nancial backing to producers on the IPs. It
is funded by the Belgian government and
located within ONAHA, the government



agency that manages IPs in Niger. The
project's goal is to increase the yield of
the most prevalent crops grown on the IPs
through the use of improved seeds pro
duced by lhe farmers themselves. A yield
trial was organized with several improved
varieties including NAD-1. while two
farmers were selected to produce the
seed. Following a successful field day,
NAD-I seed was bought by the project to
sell to olher farmers.

Training: in 1997 the ONAHA seed
project contacted INRANIINTSORMIL
for a training session on techniques ofhy
brid seed production. A second training
session was organized by INRAN in 1998
where both farmers and technicians were
invited. These training sessions provided
hands-on experience on management of
seed production and ensuring seed qualiry
both in the field and during storage.

Selectingfarmers for hybrid seed pro
duction: the co-op management,
ONAHA staff and project leaders met to
set guidelines: farmers must have some
previous experience with seed produc
tion, be hard workers, ready to learn, and
ready 10 work with other farmers. They
must have neighbors that are available,
well organized and open to inno'·ation.
The first farmer selected was Oumarou
Issa, who had some formal training. expe
rience in producing wheat seed. and
worked for the pilot farm. His neighbors
are mostly young. dynamic farmers.

ActualNAD-J seedproduction: the se
lected field was in the middle ofthe coop
erative 'block' and has homogenous soil
leveled for ease of irrigation. The field
was cleaned and spread with animal ma
nure (1.75 liha) and NPK fenHizer (156
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kg/ha of 15-15-15). Ridges were made in
the field following the first rain or irriga
tion. Staggered planting was used to en
sure good nick between /lowering of the
two parents; the female parent was
planted 7to 8 days later than the male par
ent which was also planted in five border
rows. Planting was done in hills and
plants were thinned to three per hill forthe
male parent; the female parent required
transplanting because ofpoorer germina
tion so hills were thinned to two plants
and the third was transplanted. Irrigation
was done as needed. Urea was applied on
young seedlings and later at the boot
stage. Transplanted plants received fur
ther urea because IN RAN scientists
checked the /loral initial and realized the
transplants were lagging behind. Other
measures included the shaking of sor
ghum panicles to impro\"C pollen dis
persal, getting rid of off-types in male
rows and shedders in female rows. and
spraying against sorghum midge with
CYPERCAL. At maturity. the male par
ent was harvested first and the panicles
taken away from the field. Unfonunately.
one late rain fell on the panicles of the fe
male parent before han'est. AllharYested
panicles were dried under the sun o"er a
five-day period before threshing.

Considerations: technically it was very
imponantto shield seed fields from other
sorghums. All neighboring fields were
thus planting with the male parent of
NAD-I. The male parent. ~R732 is rec
ognized and accepted by neighboring
farmers as a good food grain '·ariety. All
technical recommendations were fol
lowed including spacing and thinning,
fenilizer application, off-type clearing,
seed cleaning and storing. Seed }ields
recommended by INRAN and



INTSORMIL were between 1.7 and 2.0
t/ha under optimum conditions, and our
farmers averaged 2.4 t/ha. The activity
was supported financially by the co-op
management, ONAHA seed project and
the farmers themselves. The money was
used for purchase of parental seed from
INRAN, land preparation, fertilizers,
field treatments, harvest, processing and
storing the seed. All processing was done
by the co-op to ensure uniform quality
seed. Farmers received Fcfa350 per kg of
hybrid seed, based on the cost ofsorghum
grain in 1997 and taking their investment
and labor into account. The co-op decided
to sell processed seed at Fcfa650 per kg to
its members. Overall the coop bought 859
kg of seed from farmers at a cost of Fcfa
304,150; after cleaning, the coop sold 834
kg to farmers at Fcfa 542,100.

Perspectives

Positive achievements from this activ
ity included returns to the farmers actu
ally involved in seedproduction as well as
to the local community. The two farmers
made net monetary gains ofFcfa 184,000
and harvested 1.15 tons of grain on the
male parental line for their family con
sumption; there was a bonus in stover
since the two parental lines produced an
estimated 1.25 tons of stover. Learning
new techniques and making a profit inter
ested neighboring farmers so that each of
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the four co-ops is now interested in their
own seed production 'block'. It may be
said that this was a successful case of
technology transfer, since a good quantity
of NAD-l hybrid seed was actually pro
duced by farmers with no major prob
lems. Some largely unsuspected con
straints included poor germination of the
female parent seed, its susceptibility to
many pests requiring several treatments,
late season rain on mature unharvested
seed, and limited drying and storage ca
pacity.

It is expected that land allocation for
hybrid seed production will rise to 2.56 ha
from the current 0.8 ha, and it may be even
greater with new demand for seed. We
therefore conclude that the effort should
be pursued since the experience was posi
tive, seed producers are willing, the desire
to transfer technology is there, and there is
technical and financial support. With hu
man conviction and irrigation facilities
available, it remains for Djirataoua
co-ops to improve their facilities for dry
ing and storing the seed, and for research
to improve on the reddish pigmentation
on the grain ofNAD-I. Finally we thank
all those that contributed to our experi
ence, particularly the ONAHA Seed Pro
ject for its technical and financial support,
and INRAN and INTSORMIL for their
technical support.



Hybrid Sorghum in West Africa

D.S.Murt),

Cultivation of hybrid crops in western
Africa started about ten years ago with
maize, Research on hybrid sorghum was
initiated in the early seventies and cur
rently sorghum hybrids are formally re
leased in Nigeria and l'igel. However.
large scale production and distribution of
hybrid seed is lagging far beb indo WhiIe
there is considerable infrastructure in
countries such as Nigeria to support oper
ation of private/public sector seed indus
try. there is little. if any. in most of the
francophone countries. In this context, the
current workshop on sorghum and millet
hybrid seed production is timely and rele
vant. A brief summary of the progress
made in sorghum hybrid research, pro
duction and extension in the West Afiican
region and the problems encountered are
presented below.

Early research in Nigeria indicated that
experimental sorghum hybrids out
yielded variety controls by 40% (An
drews. 1975). Subsequently a few hybrids
based on photosensitive parents were re
leased by the Institute for Agricultural
Research (JAR). but these did not reach
the production stage (Obilana, 1981). In
Senegal, early maturing hybrids based on
American female parents yielded> 6t ha"
under irrigation, compared to 4.5 t ha,t
under rainfed conditions (Chantereau.
1983). In Niger, Kapran (1988) and Tyler
(1988) obtained highly encouraging re
sults with sorghum hybrids across loca
tions. Continued efforts in Niger with one
promising hybrid, namely, NAD-I (Tx
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623A MR 732), led to its successful re
lease to farmers.

Othernational programs in western Af
rica. namely. Burkina Faso. Cameroon.
Cote d'lvoire. and Mali e,'inced interest
in sorghum hybrids but did not have suffi
cient sc ienti fic data and experience 10

proceed further, The suitability ofhybrids
to subsistence farmers in traditional West
African farming systems was also de
bated. The lack oforganized seed produc
tion infrastructure, either public or pri
vate, was a major deterrent to experimen
tation with hybrids, and still remains so,
In 1986 the West and Central African Sor
ghum Research Network (WCASRl') au
thorized ICRISAT to carry out breeding
and trials ",ith sorghum hybrids in coop
eration with national programs.

In the West African Sorghum Hybrid
Adaptation Trials (WASHAT) conducted
during 1986-1995. at6to 13 locations per
year. top ranking hybrids yielded 3.6t ha"
compared to 2.6t ha" for early maturing
variety controls. The local controls which
were generally late maturing were the
poorest in all these years, Grain yields of
the best hvbrids in individual tests were as
high as 6 i ha" in some years, Regression
analyses of the multilocarion data each
year showed that the selected hybrids
maintained their yield superiority· consis
tently across low- and high-yielding en,i
ronments in all the years. Stability param
eters of hybrids for grain yield were gen
erally equal to I or sometimes > I.
indicating that the hybrids were positively



responding to improved production envi
ronments.

Agronomic research at ICRISAT,
Kano, Nigeria showed that an early ma
turing hybrid was superior to local land
races in grain yield at any planting date.
Superiority ofhybrids for grain yield was
also observed at varied population density
and nitrogen levels. The harvest index of
hybrids was about 0.40 compared to
<0.20 for the local control and 0.34 for the
early maturing variety (Murty and Tabo,
1997). The hybrids also exhibited favor
able land equivalent ratios (LER) com
pared to early maturing varieties and local
controls in imercropping experiments
with groundnut, cowpea, soybean and pi
geon pea. Hybrids such as ICSH 89002
NO (ICSA 38 x ICSV 247) and ICSH
89009 NO (ICSA 39 x MR 906) were
tested in farmer managed on-farm trials in
the Kano and Iigawa states of northern
Nigeria in 1991 and 1992 and average
grain yields from 21 such trials grown in
these two states ranged from 1.24 to 1.35 t
ha,l for hybrids compared to 1.07 t ha·1 for
the farmers' variety.

Two early maturing hybrids from the
Institute for Agricultural Research (IAR)
and two from ICRISAT (ICSH 89002 NO
and ICSH 89009 NO) were successfully
tested in multilocation trials of IAR and
the Nationally Coordinated Sorghum Re
search Project (NCSRP) ofNigeria. They
were recommended for release in 1994
and the National Committee on the
Naming, Registration and Release of
Crop Varieties and Livestock Breeds for
mally released them to farmers in early
1997. Meanwhile, ICRISAT supplied the
male and female parental seeds of the hy
brids to the National Seed Service (NSS)
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as early as 1990-1991. Parental seeds
were also supplied to Premier Seeds Co
(formerly Agricultural Seeds Co and later
Pioneer Hi-Bred Seed Nigeria Ltd.) and
Birma Agricultural Seeds and other inter
ested public or private agencies. Assis
tance in AxR seed production was given
by ICRISAT to Premier Seeds Co, Birma
Agricultural Seeds and the NSS. Premier
Seeds Co continued to produce and mar
ket seeds of ICSH 89002 NO on a small
scale (I to 10 t ha'l) since 1993. During
each of the years 1990-1992, ICRISAT,
Kano conducted short-term training pro
grams in hybrid seed production for staff
ofpublic and private agencies involved in
seed multiplication.

In Burkina Faso, sorghum hybrid trials
were conducted by the IN.E.R.A. (Insti
tute National d'Etudes et de Recherche
Agricoles) scientists at the Farako Bli re
search station for several years. Hybrid
ICSH 89002 NO was demonstrated by
them to farmers in their own fields in the
adjoining villages. In cooperation with
ICRISAT, Mali, hybrid seed was pro
duced under irrigation in the sununer sea
sons of 1996 and 1997 and the seeds were
used for demonstrations nationwide. Ef
forts are underway by the INERA to en
courage thc establishment ofa seed indus
try.

In Mali, the CMDT (la Compagnie
Malienne pour Ie Developpement des
Textiles) has been interested in promoting
improved sorghum cultivars in the cot
ton-farming systems. In view ofsome en
couraging on-farm trials with ICSH
89002 NO in the San area, CMDT started
producing hybrid seeds on their own
farms (in the rainy season) at Sougoula in
cooperation with ICRISAT, Mali, since



1997. The seeds are currently being used
for on-farm trials in all the conon produc
ing zones of Mali.

The establishment ofa seed industry in
the region. either private or public. will go
a long way in extending hybrid sorghum
and other improved crops to the farmers.
In areas where irrigation is not feasible or
economically viable sorghum hybrid seed
production can be safely done in July
plantings (in the Sudanian zones). In
some parts of western Africa, head hugs
(Eurystylus oldi) could cause seed and
grain quality problems on sorghum hy
brid production plots. and require inte
grated pest management methods for an
effective. safe and economic control. Er
got (Sphacelia sorghi) infection has also
been noticed on male sterile lines flower
ing in cool weather. Minor problems re
lated to the hybrids could evenrually be
solved by breeding hybrid parents derived
from exotic local crosses.
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Heterosis and Hybrid Sorghum Seed
Production in West Africa

Aboubacar Toure, H. Frederick W. Rattunde,
and Inoussa Akintayo

West African landrace varieties ofsor
ghum are well adapted to traditional
methods of cultivation. However, they
are not highly responsive to increased lev
els of inputs and thus have a relatively low
grain yield potential. Conner and Karper
first pointed out the advantages ofhybrid
sorghum in 1927. Stephens has discussed
the first possibilities of economic hybrid
seed production in sorghum since the dis
covery of the genetic male-sterility in Su
dan grass in 1929, which was transferred
to grain sorghum.

The greater advantage of hybrid yields
as compared to cultivars, has been dem
onstrated throughout the world. Many
studies showed that under stress condi
tions, the yields ofboth hybrids and vari
eties decline, but frequently the magni
tude ofdifference, percent wise, is greater
for hybrids compared to the situation
when growing conditions are favorable.
By comparing the performance of hy
brids, improved varieties, and landrace
cultivars House et a1. (1996) showed a
yield increase for the hybrids over the im
proved varieties from 15 to 66%, and over
locals from 7 to 13 1%.

Rainfed agriculture is subjected to un
predictable and unreliable rainfall that
can cause yield reductions and even total
crop failures. It is believed that superior
hybrids identified under local conditions
can increase and stabilize yield levels un-

94

dertheseconditions. F, sorghum hybrids,
with their vigorous early growth, fast rate
ofgrowth, and ability to efficiently utilize
limited moisture, can produce higher
yields under stress conditions than inbred
varieties.

A study of sorghum hybrids in Kenya
showed that heterosis could improve pro
ductivity in moderate and extreme
drought conditions as well as in more fa
vorable moisture environments
(Haussmann et aI., 1998). The hybrids
out-yielded the two local varieties by 12%
across the eight environments.

The beneficial effects of heterosis in
sorghum in the West Central African
(WCA) region could possibly have con
tributed indirectly to the selection of
Guinea type sorghums with relatively
high outcrossing rates. A study in
Burkina Faso found an outcrossing rate of
20% in traditional Guinea varieties
(Ollitrault et aI., 1997). The challenge for
F I hybrids in the region is to surpass the
performance ofGuinea landrace varieties
that possess significant heterozygosity
rather than highly inbred varieties.
Guinea varieties account for over 70% of
the sorghum in the area.

The economic viability of FI sorghum
hybrids in the WCA region would depend
on:



I) Economic value ofF, hybrids (mar
ket or subsistence value1

• Extent of grain yield superiority
over local varieties.

• Quality of grain for milling. stor
age,

• Desirability ofgrain for food prepa
rations.

• Value of stover for livestock feed
and other uses.

2) Cost of hybrid seed relative to eco
nomic returns.

3) Stability ofF, hybrid production be
ing adequate:

• Resistance to insect pests, e.g.
headbug,

• Resistance to diseases, e.g.
anthracnose, grain mold.

• Ability to regulate date of maturity
(through photoperiod sensitivity or
controlled date of sowing,1

4) Adequate production and disttibu
tion of good quality seed.

The development and use of hybrids
has been generally slow in developing
countries. This is particularly troe in
West and Centtal Africa. However. there
is experience in sorghum hybrid> in West
Africa. which provides a base for further
developments.

Early History of Sorghum Bneding in
West Africa

In 192 I an experiment station was cre
ated at Barnbey (Senegal) to conduct re
search on peanuts, using the infrastroc
lUre ofa farm created in 1913. The first
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research on millet and sorghum started in
1931. In 1938. Barnbey became the head
quarters ofagricultural research in French
Sudan "ith a regional vocation of the
sabelo-soudanian zone of West Africa
from Senegal to '1iger includingcountries
of the coast from Guinea to Benin.

In 1950. the French West Africa gov
ernment established the Agricultural Re
search Center of Bambey (C.R.A.l. In
1960 this center was lIansferred to the Re
public of Senegal.

Before 1951 and until 1960 the Agri
cultural Research Center of Bambev was
the only organization mandated fo~ sor
ghum improvement in most West African
countries. The main sorghum breeding
objective was the improvemenl of local
cultivars through mass selection.

In the 1960's after independence, most
West African countries established their
own National Agricultural R~arch In
stitutes (NAR). In addition to the im
provement oflocal cultivars. NARs initi
aled breeding programs through hybrid
ization, inttoduction of exotic material.
and exploration ofhybrid vigor.

West African Local
Germplasm-Based Hybrids

In the late 70's an auemptto cross each
of the 800 entries representing the differ
ent sorghum races of the Malian Sorghum
Collection (Guinea. Durra. Caudatumlon
to the cytoplasm male sterile line Tx6~3A
was made. The objecti\'es of these
crosses were to monitor the potential
combining ability of Malian landraces
with currently available inttoduced male
sterile line.



Heterotic effects were clear in all
stages of plant growth. Seedling vigor
and seedling drought tolerance were
much better than the Malian parents
(Toure, 1980). Generally, plant growth
was much more rapid and lush than that of
parents. At all pre-floral stages of plant
growth the F1 hybrids demonstrated a tol
erance to drought.

Panicle shape was intermediate be
tween the parents. The female parent, a
Caudatum-Zerazera, has a long upright
panicle with numerous short seed
branches. Hybridization of lax panicle
Keninke and Kende with the
Caudatum-Zerazera resulted in upright
semi-open panicles with the same num
bers ofseed branches as the Guinean par
ent but with increased seed numbers. The
dense panicle Gadiaba (Duna) and
Hegari (Caudatum) had long and dense
panicles in hybrids combination with the
Tx623A parent (Toure, 1980).

Cultivars were evaluated for BIR fertil
ity restorerreaction on A, cytoplasm. The
frequency offertility restorer lines among
the different sorghum race groups in Mali
is presented in Table I. The distribution
ofmaintainer lines did not show any obvi-

ous geographic pattern (Toure and
Scheuring, 1982).

In 1982 at Sotuba a backcrossing
program was used to convert Malian local
B lines to A lines. In 1985 a total 22
female plants issue from 6 different
recurrent parents were selected through 5
generations of backcrossing. The
progenies should have 97% of Malian
recurrent parent genes with the cytoplasm
male sterility of Tx623A. Unfortunately
these Malian A lines were lost between
J986 and 1990 when work on hybrid
development was halted.

Significant and positive heterotic ef
fects were recorded for grain yield per
panicle and for panicle yield components;
seed number and seed weight (Table 2).
However, we see no scope for direct ex
ploitation of F1 hybrids involving the
Tx623A and Malian variety parents. The
turtle-back seed shape (typical of all
Caudatum) was dominant in hybrid com
binations with all Malian races. That seed
shape made the grain more difficult to
dehull than Malian Keninke grain that is
oval, rounded and symmetrical. The
grain of F1 hybrids undercoat carries an
astringent tannin, which renders the grain

Table 1. Rand B reaction to At cvtoplasm of cultivars among sorghum races in Mali
RSl:PS

I I r------r""IT<! '.
I . Membranaceu I

Guinea! D"m>! I Keninke! ill Caudatuml

~oe Gadiaba ' Gacliaba--t (Nio~~nto) I Feterita Total

Total Cultivars I 138 151 29 J4 7 775

Fl hybrids 52 1[6 34 16 5 4 227

B lines 19 41 16 2 0 86

Rlines 33 75 J8 8 ) 4 ~---.-----
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undesirable for major food uses. The F,
hybrids wilh Gadiaba males did not have
a seed undercoat and made excellent
plants. However, theirgrowth was so lux
uriant Ihatlhey were unusually suscepti
ble to post-floral drought and charcoal rot
caused by Macrophom;na Phaseo/ina
(Tass;) Go;d.

The development of acceptable hy
brids using local germplasm can be ap
proached from a number ofangles. Traits
involving relatively few genes such as
seed subcoat and pericarp Ihickness could
be addressed wilh a single cycle of selec
tion involving currently available local
varieties and introduced male sterile
lines. More complexly, inherited traits
and improvement ofmultiple traits would
require more cycles ofbreeding. Popula
tion breeding approaches would offer an

efficient approach. Sterilizing and dwarf
ing Malian maintainer lines would open
up a new range of possibilities for devel
oping hybrids for Ihe region.

CUlTenl Hybrid Researcb Adilities
Using local Germplasm

Characterization ofGuinea and partial
guinea test crosses was initiated jointly by
IER and ICRISAT in 1998. Two male
steriles were used (SP 47562A and SP
52161 A1 that were derived in the
ICRISAT grain-mold breeding wott< in
India. Four Guinea varieties and four par
tial guinea lines (Bimbiri Soumale-S-34
derivati\'es1 were used as pollinators.
Funher test crossing on Malisor 84-" A
(with A, c}1oplasml wilh guinea and par
tial guinea lines will be initiated Ihis year.
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The development of guinea A lines is
underway at Farako, Burkina Faso (Da
Sansan, personal, communication), with
one line in advanced stage ofsterilization.
A combining ability study within the
Guinea Race was initiated by
CIRAD/IN.E.R.A. in Burkina Faso
which could provide useful insights.

Introduced Hybrids (Caudatum Hy
brids)

Mali

From 1979 to 1989 many experimental
and established F1 hybrids from various
breeders (ICRISAT, USA) were tested in
Mali. Those hybrids represented a bal
ance of the common Indian females
(296A, 2219A, 2077A, A1296, A378)
and the Texas female Tx623A as well as a
good representation of the best experi
mental males from the Indian national
program and the ICRISAT population
and grain-mold resistance breeding pro
grams. Those hybrids were planted out as
an observation trial at different locations.

During 1979 and 1980, hybrids from
ICRISAT/India using 296A, 2219A, and
2077A as female parent were tested in dif
ferent locations in Mali. Plat growth and
drought tolerance were very good
throughout all locations. Every plant of
every hybrid made a normal panicle with
no blasting and set normal seed at allioca
tions. Grain weights were determined
and food trials were conducted to deter
mine food quality traits. No differences
were detected between hybrids for food
quality. In general, the 2219A hybrids
were the best of the lot. They were earli
est and had small, cylindrical panicles.
The 296A and 2077A hybrids were sturdy
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plants, relatively late, and had large
spear-shaped panicles with large seed.

A total of 59 hybrids and their male
parents were planted in 1980 in an obser
vation trial in Mali (Sotuba, Cinzana,
Babougou and Baramandougou). The
Tx632A hybrids grew very well at all 4
locations. At flowering there were 3 hy
brids, which became badly infected by
sooty stripe. During grain filling, 15 of
the hybrids were infected by charcoal rot
and lodged. The average panicle grain
weight for the male parents was 52.6g, for
the Tx623A female 69g, and for F1 hy
brids 92.4g.

The West African Sorghum Hybrids
Adaptation Trial (WASHAT) from
ICRISAT was initiated in the mid-1980s
and was conducted at different locations
in Mali. In 1987,21 hybrids were com
pared to Naga white, Hageen dura,
Framida and Malisor 84-3 for grain yield
and adaptation. Hybrids generally
showed good levels of grain yield. The
grain yield ofiCSH 232 was double ofthe
local check Malisor 84-3 and resistant to
leafdiseases (Table 3). The 1988 evalua
tion of 19 hybrids at Cinzana and
Samanko showed significant differences
compared to the local check. The hybrids
ICSH-88042, ICSH-330, ICSH-507 and
ICSH-88038 yielded more than 3000
kg/ha in both locations (Table 4). Eigh
teen hybrids were tested at Sotuba in 1989
for adaptation. The grain yields were
good in general. Most of the hybrids
yielded more than the check Malisor 84-7
(Table 5).



Table 3. West AfricaJa Sorx!tam H)'brids AdoplatioD Trial (WASBAT), Soho.... 1917

H}oods Grain yield .$0"'-. flo_wing P.... bcillht
(Kg ha) Ld!l's) (an)

ICSH 232 6244 S2 ::!.1J
ICSH 5~6 577 '7 56 ~4ll

ICSH 647 5730 54 155
ICSH 336 5728 5~ 183
ICSH 644 5409 57 ~.:

ICSH 233 5196 52 233
ICSH646 5128 57 ill
ICSH 643 4929 5~ 13:
ICSH 569 4925 5~ 133
ICSH 479 4925 5) 118
ICSH 648 ..713 5) ~08

reSH 229 4693 51 ~30

ICSH4D1 4567 50 n"

ICSH 230 ....73 5~ ~

ICSH ~31 4340 51 ~.. ~
ICSH 109 4280 5) 118-
ICSH 507 42-'9 5) 118
ICSH 641 4216 58 19~

ICSH 645 40" 54 253
ICSH 331 3958 55 21:
ICSH 642 3788 50 ~40

NagaWhile 5253 51 ~48

Hageenduna 4091 50 18"
Framida 4063 56 285
Malisor 84-3 3353 54 265-

M... 4724 53 ~ ...
CV (••) 19 ~ I~

Tablto 4. WestAfricuSorpam HvbrilbAdap..doaTrtaJ(WASRAThCluua,S····........

Gram ljekl (kll'ha) 50'0 Ao..uiDg PIaat bc;@Id "-I .... .
Hybrids CZ SK M... (daY'S1 (em) .-.-.....
ICSH 88042 J060 J6'lO JJ""9 .., 190 0'
ICSH 330 3000 3630 J] 15- 70 ,'" 0'
ICSH 50'7 1I60 ,..., JJO! .. ,.. "'ICSH 88038 330. 3195- 3288 m ,., 0'
ICSH S8040 !i50 360ll JP9 "r! "., ·05
ICSH 88045 2410 ,...

~ 70 '90
ICSH 643 ~1O

,... 3009 "" 0
ICSH 88039 -'960 !"'JI 2M9 ,.. 0
ICSH J69 2760 2738 Y'49 " ,.. •ICSH JJ6 2·00 3001 1""'19 ,. ". 0
ICSH 130 2650 27 38 ]6')4 '" 190 13
ICSH 23..:' 2160 3218 26119 .. '90 "'ICSH 88{)4;J 2160 311] 26r 7J '"ICSH 88041 """ l~J 26F ~I 205 •ICSH 8800U 2340 ,"" 2-'6'> "'2 I'" 13
ICSH III 2500 ~18 ,- .. 2-"0 .,
ICSH231 2530 2190 23<00 .. :::15 .~

ICSH :so :::40 ,.... 2HO .. 200 OJ
ICSHST 1920 1561 r'oM ':'0 200 ~~

locallcheck) ;:140 938 15J~ " J90

..... 25,. 2910 2T'.J " "'" 77

CVI') 23 14

CZ: Ci.rl.zaBl SK.: SamaDIw
• Head bus damaer scorins scak lew' 1 10 !O "'tth 6 = "JIll" 7 tp 10" 2 cm"'k
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Table 5. We~t African Sorghum Hybrids Adaptation Trail (WA~!fAT , Sotuba, 1989.

Hybrids

Tx623Ax MR732
ICSH 479
ICSH 89003
ICSH 507
ICSH 89002 NG
ICSH 88038
ICSH 780
ICSH 642
ICSH 330
ICSH 88039
Tx63 1A x SUC36
ICSH 109
ICSH 88042
ICSH III
ICSH 89001 NG
ICSH 646
ICSH 230
89004 NG
Malisor 84-7
Mean

50~·o

Grain yield Flowering
~ . (cIarsJ .

3700 66
3500 68
3500 69
3400 69
3400 67
3350 69
3300 61
3290 61
3180 69
2900 6R
2730 68
2680 (;7
2500 70
2430 66
2300 63
1820 72
3600 64
3550 69
1500 66
2190 66

Weathering
Scorin *

4
5
5
5
5
5
4
4
5
4
5
5
5
4
4
5
5
4
2

* Weathering scoring, scale based I ell 5 wieh I '" resistant; '" susceptible.

Nigeria

From 1968 to 1970 experiments were
conducted in Nigeria (Samaru) to study
plant densities and nitrogen fertilizer lev
els. Three density levels (35,880, 73,810
and 155,000 plants per hal, three levels of
nitrogen fertilizer (53, 132,211 kg N per
hal and four genotypes (three varieties
and on hybrid) were included in the study.
In the 1968 experiment there was no sig
nificant response to the nitrogen fertilizer.
In all but variety 2123 the higher densities
were better than the lowest. The hybrids
gave significantly better yields than vari
eties, but at the lowest density, they were
only superior to varieties 2141 and 5921.
The hybrids achieved this extra yield by
means ofheavier rather than more heads.
Grain weight changed little or decreased
slightly as plant density increased (An
drews, 1977).
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An action committee for a hybrid sor
ghum project encouraged the interest in
hybrid sorghum in Nigeria prior to 1980
(Obilana, 1982). Five sorghum hybrids
were released in 1985, and breeder seed
was provided to the National Seed Ser
vice and the private company AGSEED.
Seed production slowed down and finally
stopped. The only interest was in the vari
ety SK 5912 which was used in commer
cial malting for the production of lager
beer.

Burkina Faso

In 1986, about 454 preliminary hybrids
were observed along with their parents at
Farako-Bil. The hybrids produced from
crosses involving disease-resistant par
ents identified in 1985 were generally free
from leaf diseases and showed no symp
toms oflodging. Female parents ICSA 1,



Table 6.

loKI..
,-\usualia
Nlpa
~iger

Sudon
\fc'i":Q
Argenllna
li.S.

ICSA 2, ICSA II, ICSA 26. ICSA 38, and
ICSA 40, which were introduced by the
ICRISAT Center. combined good levels
of leaf disease resistance with high grain
yield.

Niger

Hybrids were introduced in Niger in
the 19605, but were discontinued because
of grain quality problems and perception
that hybrids required good level of inputs.
In 1986 the hybrid experimentation
re-started under the I:-ITSORMIL
INRAN collaborative program. Kapran
(1988) reported the testing of90 hybrids
at several sites in Niger. Hybrids sur
passed the locals by 61 % with irrigation
and 49% under rainfed conditions. Yield
advantage of hybrids over parents
(heterosis) was 45% higher under irri
gated conditions, and even higher in the
rainfed experiments (66%).

Rec:ent Researcb on Caudatum-based
Sorgbum Hybrids

They hybrid ICSH 89002 (ICSA 38 x
ICSV 247) was planted in on-farm tests in
the600-9OOmm rainfall area ofMali (Bla.
Fanal from 1996 to 1998. Farmers
showed much interest in this hybrid for its
early maturity, desirable stover qualities
for feeding livestock. and acceptable
grain quality for preparation of To. The
susceptibility of ICSH 89002 to head
bugs was the most serious con.traint for
this hybrid. The CMDT Seed Production
Farm successfully PrOOuced seed ofiCSH
89002. although the germinability of the
seed still needs to be improved.

In Niger, Tx623A x MR732 was found
to be a high yielding hybrid with good

10/

food quality and was released as NAn-I
in 1992. The average yield on-farm was
3000 kgiha. Currently INRA~ is devel
oping the production and marketing of
seed ofNAD-I. A project was initiated 10

train private entrepreneurs to lake up the
hybrid production from INRAl'O to a
smooth transition. INRA!>i is also in
creasing its capacity of saturaling the ex
isting demand for NAD-I seed.

Limitations of tbe Fint Sorgbnm H~"

brids in tbe weA region

Oul of the 17 sorghum growing coun
tries in West and Central Africa. only Ni
geria and Niger have formally released
sorghum hybrids {Murty. 1996. personal
communicationI. However. the area cur
rently planted in hybrids does not exceed
1000 hectares (Table 61.

Early hybrid evaluations in\"Olved only
a limited number of closely related hy
brids and. quite often. inadapled male
sterile genotypes were used as the female
JlIIfCnts of the hybrids. Quite often the
male parents were lines deri"ed in variety
development programs that did not spe
cifically target hybrids.

." (ul of _t
___b rld ..... for spodli< .......

Sorghum +. ~-bnd

._-------~.- -------"~~

1~800 ..IQ
1.000 100
UII 1I.- •
6:.\..1 to
I.to~ 11).)
b..... H(,

4.Q.W 11))



Constraints to adoption of the first hy
brids included: lodging, severe leaf dis
eases, head bug damage, grain mold,
striga and grain quality. In areas where
yield levels were high, lodging quite often
canceled any hybrid yield advantage. In
areas where lodging would not have been
so serious, head bugs and grain mold pre
vented the use of hybrids. It is not know
what impact hybrid sorghums would have
on the disease and insect situation if hy
brids were grown over large areas.

The photoperiod response of most lo
cal varieties provided an advantage over
photoperiod insensitive hybrids, as the
photoperiod sensitivity ensures flowering
at the end of the rainy season with the
grain maturing under dry conditions
(Toure et aI., 1996). Guinea varieties
were able to produce vitreous grain under
post anthesis drought stress while under
identical conditions, exotic-based materi
als failed to adequately fill the grain. The
grain of local guineas gave higher
decortication yields compared to the early
exotic hybrids and as well as possessing
good grain quality, pest resistance and
storage qualities.

West and Central Africa Sorghum
Research Network (WCASRN)

The recently developed strategic plan
ofWCASRN provides the framework for
the networks activities for the next five
years. Hybrids can play an important role
in addressing the network's strategic ob
jective of improving sorghum production
and productivity. Collaborative breeding
activities are envisaged for development
ofnovel hybrids as well as varieties. Ac
tivities aimed at enhancing stakeholder
participation can address several impor-
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tant issues for hybrid sorghums such as
identifYing the agronomic/quality traits
required for acceptance and economically
viable production, and addressing issues
of seed production and distribution.

The network's second strategic objec
tive deals with enhancing market oppor
tunities and strengthening demand for
sorghum. The successful development of
new sorghum-based products, alternative
uses of sorghum, and processing equip
ment envisaged by this objective will be
of great relevance for sorghum hybrids.
Stronger market demand for sorghum will
provide a favorable environment for high
yielding hybrids. The quality require
ments of future hybrids will be deter
mined by the end uses demanded.

Conclusion

The exploitation of heterosis is one of
the best strategies available for sorghum
improvement. Major impact could be
achieved in WCA when sorghum hybrids
are developed that dramatically exceed
the yield potential of traditional varieties,
possess adequate resistance to diseases
and insects, and provide acceptable grain
quality for processing and food prepara
tion. These hybrids would generate great
farmer enthusiasm and interest on the part
of government officials and seed produc
ers.

Improved sorghum seed production
and distribution to farmers is required in
most West African countries. The exist
ing seed production structures are not
well organized to handle FI hybrid seeds.
The success of hybrid production will
therefore depend on organizing such
structures.
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Rapporteur's Report

D.S. Murty

Current Status of Hybrid
Sorghum Seed Production

Day 1 - Session 3

Presentations were made by B.Sidi, J.
Ndeunga, I.Kapran, L. Dogo and O. Issa,
D.S. Murty, A. Toure and A. Joshua

Discussion Summary

The hybrid sorghum being produced is
mainly for human consumption by the
fanner but eventually could be used either
for food or feed. It was clarified by the
!NRAN staffthat NAD-I grain is suitable
for producing acceptable to and couscous.
However sometimes, particularly when
the grain is exposed to rain before harvest,
the flour color was red and not appealing.
The identification of sorghum hybrids
with superior grain and food quality is a
matter of time. In Farako Ba,
LN.E.R.A./Burkina Faso scientists have
bred new traits. These are yet to undergo
advanced tests. Tan plant color results in
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food products with the least "off colors"
and therefore tan colored guinea plant
types would find better application. In the
SADC region. early maturing tan plant fe
male and male parents have been bred and
can be evaluated for use in the Sahelian
zones. It was also suggested that photo
sensitive female parents bred at IAR, Ni
geria during the seventies could also be
looked into for their potential use. In
Egypt, hybrid sorghum grain is being
used in composite bread formulation
(80% wheat: 20% sorghum) to save im
portation costs for wheat. There was con
cern about competition of sorghum with
maize in the wet zones of Ghana. There
was some discussion on what could be a
fair price of sorghum hybrid seed in com
parison with grain. Currently in India, the
hybrid seed is sold at grain price x 10 ra
tio.



Current Status of Hybrid
Pearl Millet in West Africa

K. Anand Kumar, B. Ouendeba,
S. Boureima, S.c. Gupta and S. Ouattara

Abstract

The discovery of cyloplasmic male-slerililY (CMS) in pearl millel (Penniseturn
glaUCUffi) and Ihe breeding and release ofseedparenl Tift 23.4 inlhe ear~rsi<lies. made
the production ofsingle cross hybrids (SCH, male-sterile x inbred restorer) possible in
India and contributed to spectacular grain yield increases..\fale-sterile Tift :?J.4 "'as
found not to be adapted to West Africa. Early work on mriety x mrietr h.'"brids and in
bred x variety hybrids demolt'itrated that increases in yield potential are obtainable
without the use ofCMS. Howe""r, such hybrids were not put into production.

In 1986, e~ploratory research on pearl millet hybrids was initiated al the ICRI5.4 T
Sahelian Cenler. Our initial efforts were demted to the development ofinbre,/ x mrien'
hybrids (/VH), because adapted male-slerile lines were not amilable. WHs offeroppor
tunities ofusing new normal, non-male sterile inbred lines as "seed parents" thereby
avoiding the time consuming process ofdereloping ofadapted male-slerile seed par
ents. £~tensi"e emluation ofIf'Hs indicated Ihat compared to the Open-Pollinated' '0
rieties (OPVs). lVHs were ear~1 by two days, exhibiteda wider range ofplant heighl and
earhead length, produced more tillers, and showed around 10'% .rield adrantage. AI
Ihough there were exceptions. higheryieldiJIg OPVs lended to produce higheryielding
IVHs. A study using 12 enrironments created using differentlel'els ofmoisture. nutri
ents. andplant densities indicated thaI IVHhybrids gal'e a slahle performance and high
grain yields across all the em·ironments.

Thus, Ihe in,'estment in ,-ariely breeding also contribules to hybrids. Studies on pro
portion ofIVH hybrid seed produced showed the presence ofup to :?O% inbred parenl
seed had little e[fect on hybrid grain yields.

Evaluation ofestablished male-steriles from India and Ihe U5.4 indicated a need to
breed CMS seed parents in situ in West Africa. A firsl series of 18 male-sterile and
maintainer lines was del'elopedandused inlhe breeding and evaluation ()fSCHandtop
cross hybrids (TCH-Ihe CMS based equimlent of IVH hybridsl. A second series of
male-steriles is no,,· under dewlopment.

A study using TCH hybrids madefrom crossing.!iI·e landraces \";Ihfour male-slerile
lines indicated that the TCHs gm'e better grain yields and were more stable than Ihe

Appro\·ed as Conference Paper Nwnbel' 1367 of ICRISAT
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landraces themselves, offering opportunities to combine local adaptation with high
yield potential. TCH seed yields obtained in seed production plots show that with a
female:male rat/oo(l:2 it is possible to harvest 0.31 t ha'] ofhybrid seed and 1.1 tha'] of
pollinator variety. "Back-ot:the-envelope' calculations show thatprofits using more op
timal4:2 ratio would be between $650 and $850from a hectare ofhybrid seedproduc
tion.

Based on experience gained thus far, criteria for breeding 1VH and TCH are given.
Encouraged by the results obtained, a collaborative 1CRlSAT-WCAMRN Regional
PearlMillet Hybrid Trial was initiated. 1n order to capitalize on theyieldpotentialofhy
brids, some general improvements in soilfertility are essential Problems ofinfrastruc
ture related to seed production. assuredfood grain markets. and diversification ofend
uses mustalso be overcome to allow hybrids to beprofitably usedbysmallerfarmers.

Introduction

The discovery of cytoplasmic
male-sterility (CMS) in pearl millet
(Pennisetum glaucum) and the breeding
and release ofCMS Tift 23A seed parent
in the early sixties made the production of
single cross hybrids (SCH, male-sterile x
inbred restorer lines) possible in India
which contributed to spectacular yield in
creases. Although Tift 23A was made
available to breeding programs in West
Africa at the same time, pearl millet hy
brids were not extensively tested. Tift
23A was not adapted to the environments
ofWest Africa for the following reasons:
an early flowering time; susceptibility to
downy mildew; the absence ofearly vigor
resulting in poor emergence and stands;
and occasional breakdown ofmale-steril
ity. Therefore, extensive resources were
not devoted to breeding SCHs, but only
exploratory research was directed to
wards inter-varietal or top cross hybrids
(TCH, male-sterile x open-pollinated va
riety). At the last International Pearl Mil
let Workshop held in 1986 in Hyderabad,
India, major conclusions related to hybrid
development in Africa (ICRISAT 1987)
were drawn. The following needs were

106

recognized: (i) to initiate exploratory
work on pearl millet hybrids in West Af
rica, (ii) to study the disease reactions of
hybrids and varieties, and (iii) to gather
information on performance of hybrids
under moisture stress, Based on these
conclusions, exploratory work on the de
velopment ofpearl millet hybrids was ini
tiated at the lCRlSAT Sahelian Center in
the mid-eighties. Thus, a major propor
tion of research on pearl millet seed par
ent and hybrid development in West Af
rica was conducted at .ICRlSAT-Niger
(ICRlSAT Sahelian Center), and collabo
rative exploratory research with
INTSORMIL was conducted in Mali and
Senegal. Experience gathered and prog
ress made to date are summarized in the
following sections.

Types of Hybrids Possible
in Pearl Millet

Because pearl millet has a protogynous
reproductive system, five types ofhybrids
are possible (Table I). Of these, the most
popular are the Single Cross Hybrid
(SCH, Male-sterile seed parent - A x In
bred restorer male parent - R) and the Top
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In the mid-'80s, as adapted male-sler
ile lines were not available to develop and
test SCH and TCH hybrids in West Af
rica, much of the research al ICRISAT
Sahelian Center was concentrated on In
bred x Variety Hybrids (IVH). Here. a
normally male-fertile inbred line is used
as a female parent, as protogyny in pearl
millet leads to a situation where the inflo
rescence is initially only female-fet1ile for
a period of one to several days before
anthesis occurs - during this period it is
functionally a male-sterile, so, if pollen
only from a chosen male parent is present.
hybrid seed will result. IVHs could be
rapidly bred because of(i) the greater op-
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portunities of using new inbred lines as
seed parents. (ii) if cytoplasmic
male-sterility is not invoh"ed. the F I hy
brid is always fully male-fet1ile.. and there
is no requirement for the male parenlto be
a eMS restorer. (iii) multiplication of a
straight inbred is relati,"ely easier than
multiplication of the A line (AxB). (iv)
the tedious process of searching for per
reel maintainer lines. and the backcross
ing involved to produce male-sterile lines
is no longer needed. and ('"I fewer nicking
problems, because of the naturally long
flowering duration of the pollinator vari
ety (desirable to have the pollinator reach
1·'3 pollen shed before seed parent
protog}"Dy).



Historical Background

Between 1967 and 1975 IRAT scien
tists in West Africa investigated the levels
of heterosis possible from inter-varietal
crosses (between West African land
races) and top cross hybrids. The latter
were made with lines of good combining
ability derived from one population
crossed, using protogyny, with another
open-pollinated variety and included hy
brids between dwarf lines and tall
pollinator parents where the seed natu
rally produced was shown to be 95% hy
brid seed (Lambert 1982). Inter-varietal
hybrids gave yields up to 59% higher than
the best local cultivar. Though these hy
brids were not put in to production, the re
sults are very relevant today as they dem
onstrated the increases in yield potential
that are obtainable without the use of
CMS, even within the adapted genetic di
versity of West Africa.

In the early '80s research at the Insti
tute of Agricultural Research, Samaru,
Nigeria showed that the then available
male-sterile lines (5141 A, 5054 A bred in
India as downy mildew resistant versions
from Tift 23 A) and hybrids developed
from them were highly susceptible to
downy mildew (Nwasike, 1987).
ICRISAT, in collaboration with the
Institut Senegalais de Recherches
Agricoles (lSRA), started a pearl millet
improvement program in Senegal in
1977, funded by UNDP. In 1982 this col
laborative program evaluated eight in
bred x variety (lVH) hybrids at Bambey.
Only one IVH hybrid, IBMI 8108 x
Souna J1J, gave significantly higher grain
yield than the control Souna J1J. A second
hybrid IBMI 8108 x IBV 840 I was eye
catching, and retained for further testing.
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A trial of 28 SCH hybrids (developed
from four male-steriles introduced from
India x four inbreds developed at
Bambey) was conducted at Bambey dur
ing the 1983 rainy season. The hybrid - 81
A x IBMI 8108 produced the highest
grain yield (46% superior to the control
variety Souna 1lI which yielded 1.3 t ha")
followed by 81 A x IBMI 8207, III A x
PS 90-2, and J II A x IBMI 8108. All the
hybrids were significantly less suscepti
ble to downy mildew than Souna J1J, but
more susceptible to grain smut. All the
hybrids were shorter both in stature and
earhead length compared to Souna J1J.
Two male-sterile lines (lIlA and 81Al
and two testers, (IBMI 8J08 and IBMI
8206) were the best general combiners in
respect to grain yield production.

In 1984, a trial of 24 hybrids was con
ducted at Nioro and Bambey. The trial
was composed of two inbred variety hy
brids, seven single cross hybrids, (se
lected from a 1983 yield trial), and 15 hy
brids that were selected in 1983 from an
observation nursery. Based on the mean
over two locations, eight hybrids pro
duced significantly more (43-62%) grain
yield than adapted variety Souna JIJ (Ta
ble 2). The highest yielding hybrid was
ICMH 8407 followed by ICMH 8413,
ICMH 8411, and ICMH 8403. The hy
brids, in general, produced a higher num
ber of earheads but had shorter earheads
than Souna III. Until very recently, the
limiting factor for production of hybrids
continues to be the availability ofadapted
male-sterile lines. Our observations indi
cate that the frequency of A, maintainer
genes in West Africa material is low.
Though male-steriles 81 A, and III A,
were retained, there was little follow-up
on hybrid development and testing due to
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the tennination of the ICRISAT-ISRA
collaborative program in \985. Later
studies (e.g., Ouendeba et al. 1996) have
also suggested that use ofpearl millet hy
brids can contribute to both increased
grain and fodder production.

Breeding of Seed Parents

When the pearl millet breeding pro
gram at the ICRISAT Sahelian Center
was initiated in 1983-84. a small propor·
tion of time was devoted to explore the
possibilities of hybrid development. In
1984. using 81 A (ICMA I from
ICRISAT. India). 92 testcross hybrids
were generated and evaluated during the
rainy season. During the 1984 growing
season. there was a severe drought. Total
rainfall was only 260 mm. the lowest re
corded in the previous 78 years. with an
August rainfall of only 56 mm (vs. the
long-term average of20-1 mm). In pans of
western Niger the local landrace
(Haini-Kirei. 110 days to maturity) failed
to produce any grain. However. the
testcrosses performed extremely well:
they were early (85-90 days to maturity)

and produced two times more grain yield
than local and improved \'arieties \90- I 10
days. 0.7t ha·'). Because the season was
dry. all the testcrosses were free from
downy mildew. However. our obse.....a
tions between 1983 and 198"' indicated
thaI male-sterile 81 A. though resistant in
India. was extremely susceptible to
downy mildew in most of West Africa
(95-IOO~. both on 8\ A. and 81 B).

E\'aluation of 21 male-sterile and
maintainer pairs in 1987 (including
male-sterile lines incorporating
Penniserum "iolaceum c)10plasm from
ORSTOM. Niger and Tifton. GA. L".S.)
indicated that all ofthem were susceplible
to dow'lly mildew. Reselection within es
tablished A and B lines showed that
dow'lly mildew susceptibilit)i continued
to be a major constraint. This indicated
the need to breed seed parents for West
Africa in situ. using adapted inbred lines.

Our initial anempts to incorporate sler
ile cytoplasm in to adapled genetic back
grounds of(Ex Bomu x Togo). Souna (ex
Mali) were not encouraging. The inci-
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dence of downy mildew on plant x plant
pairs was as much as 70% and sterility
was not stable. Male-sterile ICMA 90111
from ICRISAT in India was found to be
free from downy mildew. In addition, fur
ther selections were made within plant x
plant crosses in the downy mildew nurs
ery in male-sterile lines ICMA 90111,
DSA 134, PMC 23, and one derived from
the cross (ITMV 800 I x INMV 8220, in
corporating 81 A sterile cytoplasm).
These were used in the development of
thefirst series ofmale-sterile lines as well
as in the breeding and evaluation of SCH
and TCH hybrids to determine the type of
hybrids suitable for West Africa. Cur
rently 18 male-sterile and maintainer
pairs derived from these four genetic
backgrounds are available. These exhibit
a wide variation ofseveral traits including
time to flowering, plant stature, and
earhead characteristics. These
male-steriles have been bred using the
downy mildew nursery at Sadore to en
sure downy mildew resistance but there is
a need to extensively test these in the re
gion to determine stability of this resis
tance.

Male-sterile lines under development
in the second series are derived from
inbreds from the cross (vr W, a genetic
stock from University of Nebraska
[UNL], Lincoln x Sadore local); 81BHT
(cross between 81 B x Tiotande, ex IER,
Mali); (ARD 125 accession from Togo x
[90PV 6 x 13] inbred from the UNL, Lin
coln); (81 BHT x Sadore Local); and
([Togo-2 x INMG-3] cross between
Iniari an early landrace from Togo and a
gene pool developed by ICRISAT
-INRAN x IP 8056, a dwarf accession).
We have just completed the fourth
backcross and have selected 55 CMS
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pairs that are currently being evaluated
for downy mildew resistance and stability
of sterility.

All our first and second series of
male-sterile lines have Al cytoplasm.
This cytoplasm appears to have
constraints related to complete expres
sion of male sterility and complete resto
ration of male fertility. It is known that
male-sterile Al lines can revert to pollen
shedders at a low rate but sufficient to ne
cessitate careful rogueing of both A line
increase and hybrid seed production
plots. We have just begun to use the A, cy
toplasm source (Hanna 1989) and have 20
AlB pairs derived from related genetic
backgrounds. This cytoplasm does not
seem to have modifiers for sterility genes
and has fewer environmental effects on
the complete expression of male sterility
and fertility, thus simplifying the devel
opment of male-sterile lines. The sterile
anthers look different from Al steriles in
terms oftheir size, shriveling and translu
cence but are readily distinguishable from
fertile anthers.

In Nigeria male-sterile development
was initiated in 1996 by introducing A,
and B populations derived from the Nige
rian Composite d, (NCd,BCJ - in A, cyto
plasm) from lCRISAT- India. During the
1997 off-season, these A, and B popula
tions were planted at Dadin-Kowa, pro
ducing 86 plant-to-plant crosses. These
86 NCd2BC4 pairs were evaluated for
male-sterility and downy mildew resis
tance at Bagauda during the 1997 main
season. The male-sterility was confirmed
in all the A,-plants. Fifty-one downy mil
dew resistant AlB pairs were selected and
129 AlB plant-to-plant crosses were pro-



duced. These BC, progenies were sown at
Kadawa and Dadin-Kowa during the
1998 off-season. Seventy-five A-lines
were crossed by corresponding B-lines.
We plan to retain 20 motphologically di
verse pairs after evaluating these 75 AlB
pailS (BC.> for downy mildew reaction.
stability of sterility, and uniformity at
Bagauda and Maiduguri during the cur
rent rainy season. Studies on combining
ability characteristics of these lines have
been initiated.

Inbred )( Variety Hybrids

In 1985, to circumvent the lack of
male-sterile lines, we initiated work on
adapted IVH and continued work on
TCH. Instead ofa male-fertile' inbred' as

a female parent, the dwarf population
3!4HK-B78 was used. Initial evaluation
with 24lestcrosses indicaled that the TCH
and IVH hybrids had similar yield levels
(a mean of 1.91 ha'l. oUI-yielded the con
trol variety (CIVT) by 23%. and look sim
ilar time to 50% bloom (a mean of 56
days). TCHs with male-slerile 81 A
showed 25% downy mildew whereas
IVHs showed only 7%.

Between 1988-1994. O\'er 350 IVHs
were developed (by crossing male-fenile
inbreds as females using protogyny ",ith
24 improved OPVs as male parents) and
were evaluated in 30 trials al three loea
lions. Compared to the OPVs. the IVHs
were generally early by two days; exhib
iled a wider range of plant height and
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earhead length; produced more tillers and
earheads; and showed around 10% yield
advantage (Table 3). The range for grain
yield of IVHs was from 0.2 to 2.4 t ha'i
and for OPVs from 0.2 to 1.7 t hal. Dur
ing six years of evaluation, except in
1993, IVHs out-yielded OPVs, Grain
yield advantage of IVHs was 18% in
1988; 23% in 1989; 13%in 1990; 20% in
1992; -5% in 1993; and 14% in 1994.
More IVHs were tested in 1993 than any
other year, which may have resulted in
inclusion ofpoor entries with lower yield
potential and may have effected the over
all mean. Over the years, individuallVHs

2.0 1

showed grain yield advantages from 22%
to 102% over their respective variety par
ents. The yield advantages observed here
are more than those reported by Bono and
Leclerq ( 1963) in Senegal. They reported
that inbred x landrace hybrids showed a
yield increase of 47% over their parents
and hybrids, with male-sterile lines show
ing a 59% grain yield advantage. The
grain yields of IVHs also represented a
20-25% increase over control varieties.
The beller OPVs that gave superior IVHs
included IBMV 8001, DGPI, ICMV IS
86330, and ICMV IS 90311. A significant
positive correlation was observed be-
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Figure 1. Relationship between grain yield of pearl millet Inbred x Variety hybrids and corre
sponding pollinator varieties in yield trials conducted in the rainy seasons between

__~~-,,19,,8,,8,--1=994,ICRISAT, Niger.
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tweeo mean graio yield ofOPYs and their
IVHs (Figure I. r = 0.75"" ). Therefore.
OPVs with higher yield potential tended
to produce IVHs with higher grain yield
though as yield levels rise heterosis per
centages may be less. In several ofour hy
brid trials. a strong negative correlation
was observed between time to 50%. bloom
and hybrid grain yield. and time to 50%
bloom and the number ofempty earheads.
especially with early hybrids of late
OPVs. The empty earheads were a result
of scarabid beetle and DysderclIs m/keri
infestations. It became clear that by se
lecting mid-late to late-matunty hybrids
(around 100 days) losses caused by these
insect pest infestations can largely be
avoided. Using this information. we have
begun testing of hybrids developed with
landrace material by choosing those best
adapted to the stresses of the target envi
ronment.

Proportion ofiVU Seed
Produced in Isolation

A comparison was made of the fre
quency ofhybrid and inbred plants in the
seed lots derived from IVH multiplication
both in isolation and by deliberate cross
ing to determine the feasibility of
large-scale seed multiplication of IVHs.
Two IVHs - where the inbred 'seed par
ent' and the hybrid plants have distinctly
different characteristics and can be easily
identified - were used. Only the seed from
the fertile inbred (used as female) was
harvested. With the first hybrid (458 x GB
8735), the frequency ofhybrid plants was
92% (8% inbred plants) in the lot multi
plied in isolation and 78% in the lot de
rived by deliberate crossing. For the sec
ond hybrid (410 x GRPl). the seed lot
from isolation produced 78°. hybrid
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plants and the seed from deliberate cross
ing produced 82% hyhrid plants. It ap
pears that in deliberate crossing either
pollen viability and or stigma receptivity
were not optimal for producing 100% hy
brid seed. However. hybrid grain yields of
the two seed lots in either hybrid were nol
significantly different. These results were
encouraging: they show thai the presence
ofnearly 20",. inbred parent seed had little
effect on grain yields. probably because
the smaller inbred plants offered little
competition to the taller vigorous hybrid
plants. This is in agreement with earlier
research by Andrews et al. ( 1993) which
also showed up to 20",. female selfing had
little effecl on hybrid performance. These
results also demonstrated that use of
protogyny in pearl millet appears to have
potential for making hybrids. It is possi
ble to undenake large-scale multiplica
tion of IVHs (with the pollinator v'ariety
flowering at least 5-7days earlier than the
inbred parent). thus permirting a "ider
choice ofparental comhinations and more
rapid hybrid development compared to
those dependant on CMS systems. Cur
rently. we hav'e eight such IVHs in ad
vanced tests. These are panicularly suit
able for programs in West Africa. where
the attributes of local landraces and im
proved varieties can be directly utilized as
pollinators in easily produced adapted hy
brids.

Performance or IVU U"brids
under Moisture Stress -

In 1995. we evaluated 50 hybrids and
OPVs using a factorial design with two
replications. This design included three
moisture levels (200. 300. 600 mm ofap
plied irrigation). two planting densities
(10.000 and 62.000 plants ha ') and two



levels offertility (500 kg FYM ha- I or 10 t
of FYM) plus 200 kg single super phos
phateha- I

_The plot size used was 16sqm.
Only the results that relate to the perfor
mance of IVHs (10), their corresponding
pollinators (6) and 2 control varieties
(HKP and Sadon: local) are presented
here.

ies. Stability analysis indicated (Table 4
and Figure 2) that IVHs gave stable per
forroance and high grain yield across all
the environments (b = 1.10) and were re
sponding to better environments in a simi
lar manner to pollinator varieties which
also showed stable perforroance.

Top Cross Hybrids
Table 4 summarizes the overall grain

yield perforroance of IVHs, correspond
ing pollinators and control varieties. The
mean grain yield of IVHs across the 12
environments was 1.10 t ha- I

, 0.98 t ha- I

for the pollinator varieties, and 0.70 t ha- I

for the two control varieties. Across all
the 12 environments, the IVHs yielded up
to 28% more grain yield than the control
HKP and between -6% and 25% more
than the corresponding pollinator variet-

So far, (excluding hybrids which are
too early in relation to their OPV male
parent) our results have shown that OPVs
with higher yield potential tended to pro
duce IVHs with higher grain yield. Using
this inforroation, we have begun testing of
hybrids developed with landrace material
which are adapted to the stresses of the
target environment.

En~ Desionation (k ha- l pollinator yield I stabiliti "d¥
Hybrids
10 1347-52 x CIVT 1062 108 1.08 -404
20 159\ x PV SSZ 926 975 94 0.88 -322
9 1317-28 x P3KOLLO 951 111 0.93 -389
6 1411-18 x SaSAT-C8B 1136 II:; 1.09 209
7 1317-28 )( SaSAT-C88 1186 119 1.06 -109

11 [J 17-28 x OS 8735 1165 116 1.16 32J
12 1353 x OB 8735 1168 116 0.90 492
13 1419 x GB 8735 1255 125 1.19 372
16 1529.38 x PY SSZ 925 tll8 109 0.92 792
17 1583-86 x PV SSZ 925 1069 104 1.05 -187

Mean Hybrids 1109 1.10 28
P9Uh1al1ln

2 SOSAT-C88 996 100 1.12 -316
1 CIVT 987 100 1.01 -164
5 GB 8735 1005 100 1.08 -258
8 P3KOLLO 859 100 0.91 -60

14 PV SSZ 925 1027 100 1.12 -256

Table 4. Pearl millet Top cross hybrids, pollinators and controls mean grain yields across 12 test
environments, Droueht Nursery. ICRISATaNiger. Sadore. SUiym'lmye",rLl",9"9,,,S,,-,_,---~~_

I I Grain yield i Change (%) over 'b'

19 PV SSZ 926 1041 100 1.08 207

I 0.68 -313
I 0.76 -246

- ,0.78 45

___J'---------'----_~

Mean PolUna ,on
Controls I

I I Sadore local
4 ! HKP

Control Means
Overall mean
cv(%)
LSD 0.05

¥ Mean squares equal 102 times the colUllU1 values

986

516
861

699

1022
35

202

1.12 -81
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Landrace varieties developed overcen
turies of creative and conscious human
and environmental selection have accu
mulaJed high levels of either genetic re
sislance or tolerance to both the prevail
ing physical stress conditions (i.e.•
drought, low nutrienl supply. unfavorable
soil pH. and high soil surface tempera
tures at emergence) and to many biologi
cal stresses (i.e.• pesls. diseases. weeds).

Time to maturiJy in relation to the dura
tion of the growing season 31 thallocaliJy
is often critical to maximizing otheradap
tive traits. These locally developed vari
ely characleristics confer good sJabiliJy of
production. However. these landraces are
locally specialized and adapted only to
their panicular ecogeographic zone. The
use oflandraces as hybrid parenls assures
good adaptation. and the resulting TCH
(or IVHj hybrids will elicit responsive-
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ness ofthese populations to improved en
vironmental conditions. Landrace popu
lations do not possess sufficient variation
for yield potential or disease resistance to
permit appreciably better varieties to be
made from them by direct selection.
Though several varieties have been de
rived from landraces and recommended
for cultivation, they do not show signifi
cantly higher grain yield over the original
population. Nevertheless, they do possess
many farmer- preferred traits, such as
moderate earliness and a reduced fre
quency ofshibras (re-occurring wild type
plants). With the availability of
male-sterile lines there is now an opportu
nity to combine the adaptation ofthe land
races to the prevailing low moisture,
low-soil fertility conditions with hybrid
vigor and - as a result - improve yield po
tential. TCH (or IVH) hybrids appear to
be the easiest route for a rapid and effec
tive incorporation of tolerances to stress
factors with increments in yield potential
and better use ofboth limited resources or
improved management (Bidinger et al.
1994).

We evaluated 20 TCH derived from
crosses between four male-sterile lines
and five landraces from Niger (and eight
improved varieties). In addition, crosses
were also made with these four male-ster
ile lines and eight improved varieties.
These along with pollinatorparents (land
races themselves) and TCHs derived from
a control variety (CIVT) and the control
variety itselfwere tested over two years at
four locations (Table 5).

The TCHs derived from the landraces
Bazagome, Guerguera, and Dan Tehama,
were 7 to 8 days earlier to flower, while
the TCHs derived from the landrace Moro
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flowering only three days earlier than the
landrace. The TCH derived from the con
trol showed the same mean time to flow
ering (61 days) as the control variety. For
downy mildew, of the 20 TCHs derived
from the landraces, 13 had less DM than
the parents, three showed more DM inci
dence than the parental variety, and four
had incidences equal to the parent. Over
all, male-steriles 712 A and 680 A pro
duced TCHs that recorded less downy
mildew. Those TCHs that were derived
from the male-sterile 726 A were most
susceptible to downy mildew. On an aver
age, there was nearly 50% more tillering
in the TCH compared to the parents; the
highest increase in tillering was in TCHs
with Bazagome (87%), and lowest in
crease in tillering was in TCHs with
Boudouma (25%). Nevertheless, it has to
be noted that Boudouma itself is a
high-tillering landrace.

Mean grain yield ofIandraces was 0.67
t ha-1 and ofTCH derived from them was
1.16 t ha' l

, an average increase of 73%
over the parental pollinators. Increases
over landrace pollinators ranged from
53% (TCH ofBoudouma) to 113% (TCH
with Guerguera). The control CIVT mean
grain yield was 1.02 t ha· 1

, with mean of
its TCHs ranging from 1.15 t ha· 1 to 1.35 t
ha· 1 (mean of 1.32 t ha·1

) with a mean
yield increase of 30%. The highest yield
ing TCH (726 A x Dan Tehama) gave
35% more grain yield than the control va
riety CIVT (Table 5). A stability analysis
indicated (Figure 3) that the TCH made
with landraces gave better grain yields in
all the four environments and were more
stable than the landraces themselves.



Table 5. MeaD valu.. for foar <baraden af 20 Top <ross b,·brids. Ibelr poIIetI IS .....
IToI from IOSIS eoDdueted iu foar ea,i..umears. ICRISAT-:'iigft-. raiJly I'"
aDd 1997.
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Environmental index

Regression between mean grain yield of pearl millet Top cross hybrids, corresponding
pollinator parents, control variety (CIVT), and eD\!ironmental index, ICRISAT,
Sador., Niger, 1996-97__, _

Top Cross Hybrid
Seed Multiplication

As mentioned previously, the evalua
tion ofTCHs was undertaken along with a
set of TCHs produced by crossing
male-steriles x improved OPVs. From
this set, we selected four hybrids for seed
multiplication in isolation. To our knowl
edge, this is the first time that multiplica
tion ofCMS pearl millet hybrids was un
dertaken in West Africa. These four hy
brids were ICMH 9801 (680 A x Dan
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Tchama), ICMH 9802 (712 A x CIVT),
ICMH 9803 (698 A x ICMV IS 89305),
and ICMH 9804 (712 A x ICMV IS
90309). We have gathered data on three
hybrid seed multiplication plots. The plot
size used was 492m2 (or approximately
0.05 ha), with 20 ridges 40m long and
0.75cm apart. Within ridge spacing was
0.80m (41 hills). Except for the first three
and last three rows the pollinator parent
was planted in two rows (pollinatorparent
was planted in the first three and the last
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three rows) and alternated with two rows
ofmale-sterile line. To ensure that ample
pollen is available, the first four hills and
the last five hills of every row were
planted to the pollinator.

A summary of observations recorded
on two ofthe multiplication plots is given
in Table 6. In all three hybrid multiplica
tion plots, the nick (synchrony in flower
ing between the male-sterile and
pollinator parents) was optimum, with
pollinator parents beginning flowering
7-10 days before the male-sterile line. In
all cases the pollinator parents flowered in
50-55 days. Tillering was asynchronous
(with a mean on.7 tillers and 3.8-5.5 till
ers per plant in the female line, and
pollinators ICMV IS 90309 and CIVT, re
spectively) both in the male parent and the
male-sterile line with a 10-20 day interval
between stigma emergence on the main
tiller and secondary tillers. The tiller
number planr' (Figure 4) assured that
enough pollen was available for all the fe
male earheads. The frequency of fertile
plants (5%) in the female rows was high;
these fertile plants were removed soon af
ter anthesis. We are unable to determine at
this time ifthis occurrence offertile plants
was due to a mechanical mixture (subse
quent grow-out from the same seed lot
will be used to confirm this observed fre-

quency) or the effect of high tempera
tures. In April, the ambient maximum
temperatures recorded were very high;
the mean maximum temperature was
42.7C. In comparison, the mean maxi
mum temperature recorded in the last IS
years at Sadore (1983-1997) was 4 \.4 C.
There were 24 days that recorded a maxi
mum temperature of 43C in April 1998
vs. a mean of 5 days with 43C recorded
for the month of April over the last IS
years. These high temperatures may have
influenced the observed break-down of
male-sterility.

Based on the seed yields obtained in
these isolation plots estimates of hybrid
and pollinator yields for different fe
male:male row ratios were made (Table
7). A female:male ratio of 1:2 was used to
ensure success of the seed production
plots. At this ratio a hybrid seed yield of
0.31 tha" andpollinatoryieldofl.l tha"
was recorded, for a total yield of 1.40 t
ha·'. At a female:male ratio of 4:2 (ap
pears optimum for larger plots) the esti
mated hybrid seed yield is 620 kg ha" and
of the pollinator 700 kg ha·'. Our
. back-of-the-envelope' calculations
show that profits between $ 650 and $ 850
can be expected from a hectare of hybrid
seed production (assuming 200 Fcfa for a
kg of grain, 800 Fefa for a kg of hybrid

..---------

Table 7. Estimates of seed yields of pearl millet hybrid and pollinator parents in TCH seed pr~

duction fields. t

~~Ridges T Plantslha Estimated se,\"d yield t ha" Total yield ~ % of seed yield

Male Female Male Female Male Female Hybrid Pollina!9f I ha· 1 Hybrid Male

2 1 88 44 11 100 4400 0.31 1.10 1.'10 22 78

2 , 66 66 9900 6600 0.47 0.90 lJ6 34 66

2 4 44 88 7700 8800 0.62 0.70 1.32 47 53

2 8 26 106 5900 10 600 ! 0.75 0.54 . 1.28 58 42

IEstimated based on one ha as 132 ridges with a spacing of 0.75 m, and within ridge spacing ofO.~m. The ridge length is 100 m (or
125 hills with single plants per ridge of 100 m). There will be 125 plants in all male rows, and in female rows 25 hills at either end
will be planted to pollinator parent (13 + 12). Hence all female rows will only have a plan! population of lOOper ridge. Plant
population per ha is assumed at 16500 ha- 1.
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seed and 400 Fefa for the pollinator OPV
seed). It has to be noted that production of
TCHs permits harvest of two seed crops
that ofthe hybrid and ofthe pollinator va
riety - from one field. Seed producers can
sell the seed of pollinalor variety which
will generally have better seed quality.
This assures an increase in the value of
produce from the male parent rows.

Criteria For Parental Lines

Based on our experience thus far. the
following are the criteria for the develop
ment of parental lines for successful hy
brid seed production and good hybrids
(Andrews et al. 1997). Efforts are under
way to develop complementary informa
tion through phenology studies ofelite fe
male and male parents.

Female Parellts. Female parents
should possess a high degree ofresistance
to downy mildew, stable and perfect
male-sterility. high yield, and moderate to
good synchronous tillering. It is impor
tant to have good earbead exsertion. good
seed set. bold seed size and seedling vigor
in addition traits that have good correla
tion with hybrid performance. such as
plant stature. maturity. and disease and
pest resistance.

Mille Parellts. In addition to excellent
combining ability ,..;th the seed parent.
male parents should completely restore
male-fertility and should have profuse
and early pollen shed. High tillering, to
spread pollen shed over time. is desirable.
The parents should have a good and early
"nick". The "nick" should be early
enough for the male parenl 10 start shed
ding pollen before the stigmas of the seed
parent become receptive and should con-
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tinue pollen shed throughout flowering
period of the female parent to ensure pu
rity and good seed sel in multiplication
plots.

Grain Qnality Criteria

Grain quality crileria are determined
by end uses. Pearl millet in West Aliica is
grown mainly for food. and only occa
sionally used for brewing. The grain qual
ity criteria for pearl millet are less
well-defined than for sorghum (Andrews
and Anand Kumar 1992). Usually gray to
yello\\;sh white plump grain is \\;dely ac
cepted. though in parts of WCA light
brown or creamy white grains are pre
ferred. There is currently no incentiye in
either food or feed markets to demaod
higher nutritional quality. Thus. at this
time. there is no motivation to put much
emphasis on selection based on nutri
tional quality in breeding millet hybrids.

Fntore Oudook

Req"irelUllts ill TeNs _II IVils.
Both IVHs and TCHs are practical in
pearl millet and have real ad,"anlages for
use in Aliica in terms ofdurability ofdis
ease resistance aod adaptation. which are
difficult 10 obtain in SCHs. t:sing IVHs.
ergot susceptibility is reduced. as CMS is
not in,'ol\'ed. For TCHs that are based on
landraces an adequate supply ofbreeders
seed must be available to ensure repeat
able performance of the hybrid. Hybrids
should be tailored closely 10 fit the exist
ing growing season lengths; both to maxi
mize environmental resources available
for growth and to minimize pest and dis
ease infestations, incidence. Hybrids
should have similar crop establishment
features as the local landraces. Cost of



seed should not be very high. Unlike sor
ghum, which is grown under more as
sured rainfall situations, pearl millet
growing environments often necessitate
replanting (up to 3-4 times). There will be
a need to investigate seed production in
selected areas during the rainy season in
order to reduce the costs of summer sea
son production (e.g., irrigation, bird at
tacks, etc). Other factors that would need
attention include the following: I) pro
duction of hybrid seed in environments
where a successful crop is relatively as
sured, 2) development ofproductive seed
parents, and 3) assessment of hybrids not
only for grain yield, but also for stover
yield. There is a need to evaluate the opti
mum isolation distances required, and the
effect of pollen shedders in seed parents
in hybrid production plots.

Lessons from Experience in India. In
India, adoption of pearl millet hybrids
(now estimated to cover 45% of the 10.5
m ha crop area) resulted in dramatic in
creases both in production and productiv
ity. It has stimulated the development ofa
large private sector (estimated to produce
up to 55% of the total seed made) and
availability ofquality seed to the farmers.
The adverse aspect relates to the suscepti
bility of single cross hybrids to downy
mildew epidemics accentuated by repeat
edly growing a single genetically uniform
hybrid over large planted areas. It is now
clear that the risk of downy mildew sus
ceptibility can be greatly reduced by se
lecting for durable resistance and adopt
ing appropriate breeding strategies, such
as the development of TCHs and IVHs,
which exploit the stability and durability
characteristics of genetically variable
adapted male parent varieties.

122

Regional Pearl.Millet Hybrid Trial.
Encouraged by the results obtained thus
far (with IVH, TCHs, and availability of
adapted male-sterile lines) participants of
the project P 7 (Farmer participatory vari
ety development and seed multiplication)
of the West and Central African Millet
Research Network (ROCAFREMI) have
decided that a collaborative ICRISAT
ROCAFREMI Regional Pearl Millet Hy
brid Trial be initiated during the 1998
rainy season. ICRISAT and
ROCAFREMI have put together such a
trial with 10 TCHs (9 TCHs with im
proved OPVs, and one with a landrace),
eight corresponding pollinator parents
and two controls to be conducted at II lo
cations in seven countries. Some of these
TCHs were also selected for on-farm
demonstrations in Niger in collaboration
with INRAN. It is hoped that by the end of
this year information will be available on
general adaptation and grain yield poten
tial of these top cross hybrids. Obviously,
positive performance will trigger a range
ofdevelopmental activities, including hy
brid seed production training courses.

Conclusion

Yield potential is important at all levels
of production, but perhaps more so in
stress conditions where limited resources
must be utilized more efficiently. Yield
improvement in pearl millet is at a rela
tively early stage in West Africa. Yield in
creases in the range of20-25%, through a
change from varieties to hybrids, has yet
to be realized/utilized atthe farmers' level
and is likely to take at least 4-7 years. Hy
brids have a higher yield potential, even
under the conditions ofmoderate produc
tivity, and use resources more effectively.
We have demonstrated through trials of



adapted hybrids that this yield increase is
available for fanners to use in West Af
nca.

It is important to recognize that the va
riety or hybrid component is only one fac
tor (though probably the catalytic factor)
in the total agroDomic. institutional. and
social package Deeded to sustain im
proved production. ID all pearl millet
growing regions of the Sahel. a general
improvement in plant nutrient supply is
critical to complement genetic improve
ment. Such improvements in soil fertilitv
are vital to preserviDg and enhancing th~
crop production resource base for the fu
ture. Problems of infrastructure related to
seed production. assured food grain mar
kets. and diversification of eDd uses are
among the many areas that need attention
to insure profitable use of hybrids - or
even OPVs - by smaller fanners.
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New Cytoplasmic Male Sterility Systems
for Hybrids in Pearl Millet

D. J. Andrews, K. N. Rai, and J. F. Rajewski

Generally, alternative cytoplas
mic-nuclear male sterility (CMS) systems
are thought of as "useful" because they
reduce "vulnerability." However they are
much more valuable for other reasons.
Our research in INTSORMIL and
ICRISAT over the last few years has be
gun to describe these and, though the re
search has been on CMS systems in pearl
millet, similar situations are to be ex
pected in any crop that depends on CMS
for commercial hybrid seed production.

CMS systems can differ in a number of
aspects and these differences can have
profound effects on breeding success,
seed production and hybrid performance.
For a character to be most easily used in
breeding it should be clearly identifiable,
simply inherited, and controlled by major
genes,its expression being unaffected by
other genes or the environment. The Al
CMS system in pearl millet and the Al
(kafir-milo) system in sorghum did meet

the minimum criteria, and since they were
the first available systems to allow com
mercial access to the tremendous advan
tages of hybrids, they became widely
used. Only now, when other CMS sys
tems have been discovered and compared
to the Al system, can we characterize the
deficiencies and constraints ofthe A I sys
tem, which could not previously be seen
clearly.

Many of the constraints to the Al sys
tems in sorghum or pearl millet can be il
lustrated by examining the Fzofany com
mon hybrid. The large class of partial
steriles (or weak fertiles) that occur are in
dicative of the difficulties in breeding
good seed and pollen parents with these
systems. In pearl millet, we have com
pared the A., (Hanna, 1989) with the Al
(Burton, 1958) system. More recently, we
have been examining the A5 system (Rai,
1995). The important differences are
summarized in Table I. (The Az and AJ

Table 1. Attribute comparisons in At, A4 and AS cytoplasmic.nuclear male sterile systems in pearl
miUet

AI A4 As

Gennplasm Access V. Limited Wide V.Wide

% 8 lines in germplasm ±1O ±85 99
% Perfect B lines from B x B crosses ±50 100 100

% R lines in gennplasm <15 ±IO% ±1%

~·il Gennplasm giving partial male sterility ±75 <5 <5'

G x E effects on restoration Present Low V.Low
.

Appearance of sterility Good Good V. Good

R Line breeding in sterile cytoplasm V. Difficult Easy Easy
.

Cytoplasmic reversions to male f!:rtility Yes No No
.

..

Initial results
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systems (Burton and Athwal. 1967) were
never sufficiently male sterile to be of
commercial use). The most significant
differences include the following:

• Very few partial fertiles occur with
A4 and As This makes breeding
many times easier. especially in
terms of developing A-lines and
generating new B-lines.

• High frequency of B lines in
germplasm. Producing new seed
parents. which is key to advancing
hybrid yields, was a major con
straint with the A I eMS system.
Almost all cultivated germplasms
are B lines in the in the A4 and As
systems.

• Though the natural frequency ofre
storers (R4 in the A.! system. Rs in
the As system) in cultivated
germplasm is low and very low re
spectively, the conversion of any
line to an R4 or Rs pollen parent is a
straightforward dominant back
crossing procedure when utilizing
sterile c}10plasm. The use ofsterile
cytoplasm in breeding R4 or Rs re
storers is possible in these systems.
because--in contrast to the AI sys
tem-there is linle interaction with
other nuclear or cytoplasmic genes,
which cause variable partial steril
ity expression.

• When the concept ofheterotic pools
is considered. the amount of diver
sity available for seed parents in A.!
and As systems is much larger than
for A I. The diversity available for
R4 or Rs pollen parents is poten
tially unlimited, as any line can be
rapidly converted to R4 or Rs. By
the same token, any AI or RI line
(or existing AI hybrid) can be con
verted to A.! or As lines. or hybrids.
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• The expression ofmale sterility and
fertility in the Al system is subject
to environmental influence. In high
temperatures. for example. AI seed
parents can break sterility. In cooler
conditions, and AI hybrids can be
come significantly less male fertile
giving poor seed set and reduction
in yield.

• Finally. A I sterile cytoplasm is
slightly unstable and mutates to fer
tility at a low rate compared to fer
tile (normal) 910plasm. This phe
nomenon has so far nOI been noted
in A4 or As.

The sum ofthese differences can result
in a huge effect for breeders. With the A,
system. the primary breeding effort is to
develop new male slerile lines and re
storer lines. and then (within those limits)
look for heterotic combinations. With A.,
and A,. however. the primary effort can
be to look first for heterotic combinations,
and only then convert the superior
combiners to male sterile (A lines) or
male (pollen, restorer) R lines.

The A.. and A, eMS systems. thus. pr0

vide access to a much "ider range ofge
netic diversity for hybrid breeding and
present a rapid. certain method of devel
oping both male and female hybrid par
ents. which substantially improves the ef
ficiency of breeding. A similar situation
may exist in sorghum: where the A, sys
tem has similar constraints and many
eMS systems are known to exist
(Schertz. J9981 but have nol been exten
sively explored.

One aspect that needs further iD\'esti
gation is whether the different cy10plasms
cause differences in hybrid performance.



While only Al and A. have been com
pared, initial results suggest that there
may be some nuclear cytoplasmic interac
tions. In some cases, the same nuclear hy
brid was better when made in Al cyto
plasm, while in other combinations the A.
hybrid was better. It also seems possible
that nuclear cytoplasmic interaction can
contribute to heterosis, since CMS hy
brids can be slightly better than the same
hybrid made without sterile cytoplasm
(possible in pearl millet and maize). Re
search is continuing to confirm these re
sults. One consistent difference was that
the protogyny period in A. was shorter
than in A\, but stigma longevity is longer
in A. which leads to better seed set under
stressful conditions.

Seed producers will find A4 and As hy
brids easier to produce. In A4 and As hy
brid seed production, most off-types that
result from outcrosses in seed parent in
creases will be male sterile, because most
sources ofstray pollen are maintainers. If
R. and R s germplasm becomes more
common, this advantage will decline.

No reversion of A line plants to B line
plants, which occurs in the Al CMS sys
tem, will also mean cleaner seed parents
and, hence, purer hybrids. Such rever
sions are very difficult to find, because
(except for pollen shed) they are identical
to male sterile plants. These two charac
teristics will greatly reduce the need for
roguing seed production fields, reducing
production costs and increasing hybrid
purity.

Seed producers will not have to worry
about unusually hot or cool weather when
producing A. or As hybrids. Such condi
tions can either cause breakdown ofmale
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sterility or poor pollen shed in the Al sys
tem. Farmers will benefit in several other
ways from the use of A4 or As hybrids.
First, hybrids will have less off-types in
them. Second, there will be a high level of
male fertility that will be unaffected by
cool conditions. Third, because hybrid
breeding becomes quicker with A4 or As
yet draws on more diversity, superior new
hybrids will reach farmers more quickly.

Summary

New cytoplasmic-nuclear male steril
ity systems A4 and As in pearl mil
let-compared to the original Al sys
tem--{)ffer advantages to breeders, seed
producers, and farmers. These advan
tages are based on clearer expression of
male sterility or male fertility, with less
environmental effects, greater access to
genetic diversity, and the rapid conver
sion of any line to R. or Rs restorer lines.
Additionally, A. and As sterile
cytoplasms appear not to spontaneously
revert to the normal (fertile) condition, as
in AI. The A. and As CMS systems now
allow breeders to concentrate first and
foremost on hybrid breeding (finding the
best heterotic combinations), then on con
verting the parents using CMS sterile and
restorer lines, leading to a large increase
in efficiency in hybrid breeding.
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Creation of a Seed Industry:
Role of the Private Industry

A. Bruce Maunder

Introduction

Seed, currently a 55 billion dollar mar
ket, worldwide, has evolved since 13,000
BC through several phases. These
changes, while well documented in devel
oped countries, provide likely projections
for the future role ofprivate industry in in
ternational agricultural development:

• In phase I, farmers save their own
seed or obtain it from nearby farm
ers with the low rate ofvarietal de
velopment limited to farmer selec
tion within landraces. Adoption of
new types is low.

• During phase 2, varieties devel
oped by the public sector begin, al
though slowly, to replace tradi
tional seeds and inputs such as fer
tilizer, while limited, are
increasing, with the likelihood ofan
emerging indigenous private sector
involved in multiplication and dis
tribution ofpublic varieties.

• With phase 3, the private sector be
comes active with research and de
velopment, particularly in develop
ing hybrids as well as seeds for spe
cialized crops such as vegetables.
Commercial seed production and
marketing are common, effective
seed laws are in place, and the use
of improved seed is high.

Parastatal seed systems, while supply
ing only 10% oftotal seed annually in Af
rica occupy a position late in phase 2 or
early in phase 3. The public sector may
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specialize in basic research and applied
research on subsistence crops while the
private sector increasingly focuses on re
search, production, and marketing of im
proved seed having a high multiplication
factor and a relatively low seeding rate.
NGO's conversely, concentrate on multi
plication and distribution of seed not tar
geted by the private sector. Hybrids in es
sence widened the agricultural evolution
ary gap between developed and
developing countries.

The private sector became a major
player in seed in Europe after the Second
World War. Agroceres, a Brazilian na
tional company began in 1947; the private
sector became active in Argentina and
Mexico in the 1950's and 1960's; and
Thailand with Suwan-1 in the 1970's. Of
ten the private sector got its start with
public varieties or hybrids and depended
on a consistent supply ofhigh quality seed
to develop a market. Also, the first hy
brids, 4-way doublecrosses, as with the
U.S" were better adapted to low input ag
riculture. These were followed by 3-way
and then single crosses which required
adequate inputs for maximum yield ex
pression. Morphologically they were of
shorter plant stature, with better
standability, and often responded to in
creasingly higher plant populations.
Whereas phase 3 seems essential for a
green revolution in maize comparable to
that in rice or wheat, public organizations
will and must continue to play an impor
tant role in training, basic research and



technology transfer. Crop improvement
for specific markets, including subsis
tence farming, and germplasm develop
ment for smaller, indigenous seed firms
also requires a strong public component.
The current U.S. evolution from public to
private seed improvement suggests an ad
vanced stage ofphase 3:

U,S private sector in plant breeding 
"I. of breeden and number

of rompanies..
Breedm Companies

Crop tD
.} (NQ.)

Com 94 91

Soybeans 64 38

Sorgbwn 74 19

SunfiO\l.-ers 89 14

Wheal 41 27

Conon 77 35

Current figures suggest an annual gain
of 32 breeders per year for industry and a
loss of 2.5 for the public sector with the
private plant breeding effort approaching
2/3's of the total monetary input. Many
developing countries, in comparison to
the U.S. seed industry evolution, would
range from 50 to more than 75 years be
hind.

Coutributious of Private Sector

A commonly recognized logo is "first
the seed" yet we've seen the private sector
as "last to enter:' Krull et. al. indicate
seed to be the single-most important cata
lyst for achieving significant increases in
agricultural productivity. Sanders et. al.
working in Sudan found from farmer in
terviews that the principal constraint to a
more rapid introduction of the first sor
ghum hybrid, Hageen-Dura-I, was the in
ability of input suppliers to produce ade-
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quate quantities of high quality seed and
to provide sufficient fertilizer. Current
world agricultural statistics alarmingly
tell us that grain consumption per person
has dropped 7 percent since 1984: grain
harvested area per person dropped 48%
since 1950; irrigated area since 1978 by
6%; and ofperhaps most concern, annual
yield gains during the 1990's only in
creased by I. I% compared 10 2.1~. from
1950 to 1990. With little more than
one-third of the world's crop area in im
proved planting seed, an obvious need of
developing country agriculture is tech
nology transfer. To encourage develop
ment ofthe private seed industry, govern
ments should first survey the state ofagri
culture, by crop and by socio-economic
region, to determine which crops and ar
eas oftheir country can benefil from a pri
vate seed industry.

Success ofthe private seed industry de
pends on its ability to provide: (I) a de
pendable supply, (2) acceptable qualilY
and purity, and (3) hopefully. bUlllOl nec
essarily, an improved level of perfor
mance. Any of these ad\'anlages would
provide for profit 10 farmers, a1lo\\-ing a
higher price for good quality seed. In
brief, commercial seeds are best suited to
profitable crops in favorable fanning re
gions. The pri\'ale sector companies must
concentrate on activities they do best.
considering funding limits. Their infra
structures support applied breeding of
lines and hybrids with increasing
introgression ofbiolechnology, followed
by extensive testing over \\-ide en\iron
mental.geographical areas. Private Indus
try can best accomplish these activities
by:

• being more efficient and flexible:



• better understanding market re
quirements;

• interacting with new agronomic
practices;
concentrating on a holistic ap
proach;

• working large numbers in selection
and testing;

• being able to assume a level ofrisk
• applying seed cost economics t~

potential pedigrees;
• emphasizing short or medium term

breeding programs; and,
• reducing crop vulnerability.

The government ofIndia, for example,
has recognized the capabilities of the pri
vate sector to breed, produce, and market
proprietary and publicly bred materials
more efficiently. With control of 60% of
the coarse grain market now, the Indian
private sector unanimously suggests
things will be better business-wise. Note
that the 1998 recipient of the World Food
Prize, Mr. B.R. Barwale and his Mahyco
Seed Company contributed to the Green
Revolution in India by establishing mech
anisms of production and distribution of
quality seeds ofmajor cereals and vegeta
bles plus generated job opportunities in
seed production for women belonging to
the socially and economically underprivi
leged sections of the society.

Multi-nationals characteristically de
pendon in-country personnel preferring
to mmlmlze ex-patriots in overseas as
signments. This is not to minimize the
considerable interaction between the base
location and any otherparticipating coun
try. Certainly the private sector offers a
logical place for short term training of
those desiring to establish a seed busi
ness. Another opportunity rests with ex-
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perienced seedsmen who may be retired
but willing to impart their expertise in an
advisory capacity. Not to be un
der-emphasized, marketing and distribu
tion playa vital role in determining the
succe~s or failure ofany hybrid seed orga
lllzatlon, whether public or private.
Fmally, the absence or ineffectiveness of
the seed industry can pose a major prob
lem in the spread of new crop cultivars,
(Pray and Ramaswami).

Business Considerations
of Private Sector

The obvious business requirement be
fore investing in a private sector seedven
ture, whether by a national or interna
tional effort, relates to an expected return
on investment. This concern will be af
fected, however, by a host ofother criteria
such as strength and stability of the econ
omy; freedom from disincentives result
ing in a level playing field; seed price to
grain ratio; intellectual property rights;
need for product; its infrastructure, partic
ularly transportation, adequate for deliv
ery of g~ods and services to the farming
commumty; and certainly political stabil
ity. Since private companies are seldom
subsidized or given incentives, their en
trance into a seed venture must be con
cerned with generating a return on share
holder equity. They therefore choose an
environment where demand is likely to be
strong. Public seed organizations to the
contrary are often motivated by
non-economic considerations such as
with a mandate to serve all farmers. Also,
vertical integration is commonplace in the
private sector but uncommon in the public
sector.



Improved technologies, readily avail
able in developed countries but which
have not reached the farm level in the de
veloping world, will be needed for the full
expression of the genetic potential. Nev
ertheless. ample evidence exists for the
superiority of high-tech seeds over con
ventional landraces even under less than
favorable growing conditions. A common
suggestion on crop yield relates to a 50%
yield increase for consideration of im
proved seed compared to traditional land
races. Relate this. however. to developing
country yields, often less than a Ion per
hectare, where such an increase becomes
somewhat less significant related to seed
and other input costs. In transition to hy
brids from varieties increases have been
commonly expected to range from
20...40% from heterosis ",ith other inputs
additionally significant. In developing
countries, management practices and cer
tainly availability of water may often be
more critical for increased productivity.

With maize, adaptation allowed tem
perate hybrids of the private sector to
move into Europe in the late 1940's. and
in fact 90"10 ofindustrialized countries are
temperate. Only 25% ofdeveloping coun
tries, however, can use temperate
gennplasm. Therefore, most of the high
tech seed developed for the U.S.. Europe,
and thus the vast majority of hybrids de
veloped by private seed companies are of
little direct use 10 maize farmer> in devel
oping countries. With Argenlina there
was a flint versus dent grain type require
ment. Therefore. the multi-national pri
vate sector at times found hybrid sorghum
a more likely first crop to enter into mar
kets such as Mexico and Argentina, per
haps erroneously seeing it to be more
widely adapted.
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In most developing countries in which
hybrid seed has been widely adopted by
small-scale farmers, seed-to-grain price
ratios are usually less than 10: I. Later
during the maturity phase of the seed in
dustry. according to Heisey et. al..
seed-to-grain price ratios rise sharply. of
ten stabilizing in the range of25: I to 30: I.
China. the world's largest producer and
consumer of maize seed. plants 740.000
tons annually of which 90".• are hybrids.
Price controls here keep the seed-ta-grain
price ratio unreasonably low at 4 com
pared to the rest ofAsia at 24. This pricing
structure brought about widespread ad0p
tion of hybrid maize but has likely dis
couraged investment in agricultural re
search and in-fact the average age of
maize hybrids used by Chinese farmers in
1993 was about 20 years and oflow qual
ity compared to six years and high quality
in the U.S. Without controlled pricing.
producers in Sudan have indicated a "ill
ingness to pay as much as double for seed
from a multi-national whose reputation
and track record assured appropriate pu
rity and quality even for a locally devel
oped product. Actually. higher seed costs
are often a key factor in getting the f8nlltt
toimprovemanagementpractices.Ben~

seed doesn't cost more, it I!!!n more.

Non-hybrid crops. except for vegeta
bles. have been less likely as products for
opportunity in overseas markets.
DEKAlB, using CIMMYT spring "'heal
materials, found an acceplance of more
than 50"'0 in Argentina ...·hich was good
for the country bul nol profitable corn
pared to the marketing ofsmall grain vari
eties in Europe. Soybeans and alfalfa may
also be examples. especially "ith trans
genic traits. In September. 1998.
Monsanto, the world's largest supplier of



Benefits for Private Investment

additional and significant business con
siderations.

Evolution of yield of the principal cereals
and oil crops in Argentina, 1910-1994.

Cultivar Years and type Kg ha-l/year

Maize 1910·50 varieties 9.00

1951-94 hybrids 57.92

Often public agricultural funding is
sacrificed when monetary constraints of
government shift funds to alternate in
vestments. The private sector then will be
more encouraged to increase its invest
ment. Such occurred as both Mexico and
Argentina moved out of the developing
country category. Argentina provides a
good example of changes brought about
by a heavy commercial emphasis with hy
brids ofmaize, sorghum, and sunflowers:

-7.52

58.43

-0.36

43.00

1954·65 varieties

1966·94 hybrids

1929-80 varieties

1981-94 hybrids

Sorghum

Data [roI!! Argentine Sec~~tary of Agriculture

Sunflower

Examples of successful seed ventures
by the private sector are numerous such as
maize in Argentina, Brazil, Mexico, Thai
land and Europe; sorghum in Mexico,
South Africa, Argentina; sunflowers in
Argentina and Europe; and wheat in Eu
rope and Argentina. Pioneer's 1998 an
nual report shows 27% of their corn in
come was outside North America
whereas DEKALB shows 34% of earn
ings from international seed operations in
fiscal '97 with '98 an aberration at 83%.

The promotion ofprivate agri-business
activity in sub-Saharan Africa has not
been successful even when incentives
were given for private entrepreneurs.
Pray and Tripp indicate the most com
mon strategy for encouraging increased
participation in the seed industry would
be for governments to insure free and
open access to products of public breed
ing programs. In India, where a supply of
trained agriculturalists to operate seed
firms is not limiting, an absence ofbreed
ers rights legislation caused reluctance to
develop full fledged breeding programs
or introduce proprietary inbred lines, de
nying producers access to the best
germplasm and technology. Certainly
open market policies between countries
and fair and uniform seed regulations are

genetically modified crops, announced it
would invest $550 million in Brazil to
produce its herbicide, Roundup. Shortly
afterwards, the Brazilian government
made Monsanto's Roundup resistant soy
beans that country's first legally ap
proved, genetically engineered crop.

Whereas a return on investment and
protection of germplasm seems consis
tent across company philosophies for
overseas expansion, a more conservative
and an approach ofmuch less risk may in
volve exports ofproduct or a licensing ar
rangement with an established indige
nous business. Small markets as well as
government restrictions on ownership
may lead to these approaches. Zimbabwe
is an example of public seed activity go
ing to the semi-private Seed Co-op which
to survive against multi-nationals formed
technical collaboration agreements with
U.S., South African, Zambian, and Ken
yan seed companies.
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Such results greatly enhance private
sector relations with the producerand will
most often lead to greater private sector
support by the government. In Thailand,
Michael Morris ofCIMMYT. points out
that seed prices, as in Europe and North
America, increase with the yield poten
tial, leading to single-cross hybrids hav
ing a seed-to-grain price ratio of 27-30
compared to OPY's of4-5.

Numerous secondary advantages for
foreign investment include extra genera
tions such as with the southern hemi
sphere, early screening, germplasm ex
change. grain quality differences, plant
pest screening, temperature, moisture and
soil toxicity stress tolerance. A significant
benefit, perhaps utilized more frequently
with the rapid introduction of
transgenically modified hybrids, relates
to seed multiplication of a foundation or
commercial nature by use of the opposite
hemisphere.

Also, expanding multi-nationals gen
erally operate in a growing market. For
example. Brazil has moved maize from a
food to feed crop but only 50% ofthe area
is in hybrids. A similar trend is occurring
in Africa with sorghum and very little is in
hybrid. In fact, in Ethiopia. where the crop
is thought to have originated, only 5% of
the planted area is even in improved vari
eties, Naturally, the larger seed concerns
can betterjustify their costs ofbiotechnol
ogy by applying this science to appropri
ate benefits in the developing countries as
well.
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LimltatlonsIRestridionslCoJKeru
Affecting tbe Priute Sedor

The unpredictable climatic character
istics of many developing countries ha\'e
discouraged investment in yield enhanc
ing technology. Farmers purchasing im
proved seed and fertilizer risk losing their
investment causing growth in agricultural
production to depend more on laod ex
pansion than yield increase. even then
lagging in comparison to population.
Also, the private sector, while able to 0p

erate more efficiently. faces lower com
petitive pricing since public seed organi
zations can include some type ofdirect or
indirect subsidy, Pronase of \texico sets
prices to only cover its operating costs
and does not have to reco\'er research.
packaging. or promotional costs as it at
tempts to provide seed for low-income
farmers.

Since multi-nationals require a mini
mum time frame of8-1 0 years to de\'e!op
adapted culth'ars to a new-entry market
they must be prepared to give a new ven
ture a reasonably long term trial for suc
cess. The availability of public breeding
material during this phase of establish
ment becomes all !be more critical. With
either public or private impro\'ed seed.
cultural preference can become signifi
cant to product acceptance. Hageen
Dura-I grain price dropped to 35-5~. of
the local varieties three years after its re
lease in part due to farmer aod millers'
complaints about the smaller. harder seed
and a blander kisra. By 1990 the price dif
ferential disappeared and 90". of farmers
interviewed reported that HD-I kisra was
equal to or beller than traditional
sorghums. Sanders et. al. conclude that
the narrowing of price over time may in-



dicate tastes to be dynamic, responding to
higher yield potential (lower costs) of the
new cultivar. In Latin America and
sub-Saharan Africa consumers strongly
prefer white maize but there is no scien
tific support associated with digestibility
or nutritional quality. Thus the introduc
tion of improved seed must overcome
farmer preference for traditional variet
ies, especially if they command a pre
mium in the market.

Pray and Tripp point out that during the
early stages ofseed industry development
regulatory policies may be designed to re
strict participation. When decisions about
which varieties may be released are made
by government plant breeders, the result
can be an effective government monopoly
of new varieties and virtually no private
sector involvement in plant breeding.
Regulation should address breeder's re
quirements for variety protection and ade
quate rewards; seed producers' concerns
about bureaucratic interference and un
fair competition; and farmers' expecta
tions ofaccess to a wide range ofvarieties
from good quality seed.

Finally, the private sector must operate
in a partnership with public sector Rand
D both worthyofrecognition and support,
not regarded as competition to be met
with suspicion. Plant genetic resources
can best be exploited if they remain fully
accessible to all users and if passport in
formation and technology on their use is
widely disseminated. Not only must the
seed industry educate farmers about the
advantages of adopting improved
germplasm and the benefits ofusing pur
chased seed but all parties, which in
cludes scientists and policy makers, need
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an appreciation of intellectual property
rights including plant variety protection.

The emerging private sector must be
prepared to face real concerns as they add
a new dimension to a previously less com
plex agriculture. The movement, mainly
in developed countries toward stricter
protection of commercial plant varieties,
has been accompanied by a parallel initia
tive by the developing countries to protect
local varieties and landraces, requiring
payment for their use. Another concern,
as well stated by Morris, suggests that the
drive for increased efficiency leads to an
increasing concentration and vertical in
tegration in the private seed industry.
Such trends may prove undesirable if a
small number of very large companies
dominate the global seed industry. An ex
ample of the current impact of one such
company, Monsanto, only in relation to
the Western Hemisphere:

1998 Monssanto Global Seed
___.Market Share (SOM)
Country SOM ~..o Country SOM%

u.s. Mexico

Corn 15/50* Com 60

Soybeans JJ Sorghum 64

Sorghum 29 Argentina

Cotton ~4 Com 65

Brazil Sorghum 60

~~_. 60 Sunflowers 30

·w!th Holden

Another example could very well have
been Empresas La Moderna SA, a Mexi
can vegetable seed company whose seed
accounts for 40% ofall vegetables sold in
U.S. supermarkets. ELM recently ac
quired some II companies that sell vege
table seed.



Predictions heard in many developing
and industrialized countries that
profit-motivated seed companies will in
evitably engage in socially undesirllble
behavior in the absence of strict govern
ment controls have proved largely un
founded. Optimistically, such a consoli
dation as shown by Monsanto, with large
market share, will in fact stimulate the
larger player to increasingly search out
new markets and in so doing bring the
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mucb needed contribution of the priv-ale
sector to countries ready for sucb a transi
tion. With the excessive costs lIS50Ciated
",ith products ofbiotechnology the larger
multi-nationals otTer the best opponunity
to provide this science in problem sol\ing
or improved products. As developing
country's seed systems evolve so \\ill
their agricultural producti\ity. a mission
of urgent importance.



Rapporteur's Report

Anand Kumar

Current Status of Hybrid
Pearl Millet Seed Production

Day 1 - Session 3

General introductions were made by
Dr. Botorou Ouendeba.

Dr. David Andrews discussed pearl
millet research on new cytoplasmic
male-sterility hybrids.

B.R. Barwale, of Mahyco, India, dis
cussed the critical role of the private sec
tor in less developed countries where re
sources are limited. He stated that initial
subsidies might create an impact - the
farmer is always interested in getting a
better price for his product than getting
subsidies such as seed at a reduced rate.
Industry has to be aggressive. Seedsmen
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have to appreciate that any errors on their
part will lead to erosion of confidence.

I. Mouddour- the Multiplication Cen
tre in Niger clearly demonstrated the need
for the private sector to be involved. We,
in Niger, did not get any impact from the
multiplication centers. Efficiency and ef
fectiveness for the private sector are criti
cal.

B. Maunder - Reasons for success - De
pendable supply of seed, acceptable vari
eties/purity, improved levels of perfor
mance, and public sector plant breeding
programs are essential for the success of
the private industry.



Tuesday - September 29 -Session 1

Bases for Successful Hybrid Enterprises

Opening Remarks

Moderator - A. Kumar, ICRlSATIISC



Production of QuaUty Hybrid Seed

Soumana Souley and Magagi Abdou

Introdnction

Experience elsewhere has shown that
the existence ofa viable seed industry de
pends on the production ofquality seeds.
Seed cerrification provides standards of
quality but there are other measures that
need to be taken during the production
process.

In this presentation we will discuss
critical factors for the production ofqual
ity NAD-I seeds as per our experience in
Niger; they relate to choice of field. crop
management. and postharvest handling of
the seed.

Field selection

During the flowering period a lot of
pollen is required. For adequate pollen
distribution. a square field is bener than a
long narrow one.

Irrigation is important for seed produc
tion. A good seedbed must be available
with no bumps. and irrigation canals must

be clean. These measures will favor good
irrigation and normal flowering ofthe two
parents of the hybrid. especially a good
grainfill in the seed parent. Abundant pol
len in the male parent \\;11 also minimize
unwanted ferrilization from sorghum in
neighboring fields.

The field should not be smaller than
one quaner of a hectare to obtain a mass
pollen effect. Isolation is Important to
avoid foreign pollen from causing feml
ization. Where there are a large number
offarrners in the same area it may be diffi
cult to realize the recommended isolation
distance. This can be compensated to a
degree by increasing the number of bor
der rows belWeen the seed field and a field
of a different variety \\;thin the isolation
recommendation. A distance of 200 me
ters is recommended for the production of
seed of hybrid sorghum. [fthe potential
contaminating sorghum is similar in grain
color. plant height, and the head is DOl of
an open grassy type. the isolation distance
can be modified as indicated in the fol
lo\\;og table.

Table t. TIl< miaimal ......... or bonlor rows .Hdod ror t....... pRIlL
Minirnwn dIstance from Field SlHup Ftdd MZC pealer
contaminant(met~) l(l.l't_~~_~__ .____ thaIl.8~~ _
11~ 0 0
115 : I
110 .. ::
8"7 6 J
"7: 8 ..
60 10 5
SO I: 6
38 l~

25 16 l\
o 10

----~------~---
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If a neighbor will sow the pollinator
parent this will also help avoid problems
of isolation. When there are a nwnber of
farmers each farming relatively small
hectarages that are contiguous with
neighbors it may be possible for the group
offarmers to all produce seed.

The field chosen should not have been
sown to the same crop the previous year or
the field should be pre-irrigated to germi
nate any volunteer plants that can then be
destroyed prior to sowing the seed crop.

Crop Management

It is important to appreciate that there is
a difference in growing a crop for seed
and growing a crop for grain. A producer
wants to maximize seed yield and because
of the increased value of seed may use
more fertilizer and other inputs than he
would for a grain crop.

Experience in Niger indicates that the
best seed yields come from fields that
have been well managed over the years.
Fields that have been exhausted by con
tinuous cropping over many years with
low or no inputs not only result in crops
with lower yields but are less uniform
even ifhigh rates offertilizer are used on
the seed crop. Continuously cropped
fields to the same crop may harbor pest
problems that are not uniformly distrib
uted in the field. In the case of sorghum,
nematodes, and acrimoniwn wilt, are ex
amples of such problems. Crop rotation,
the growing of green manure crops and
the incorporation of crop residue will all
help to keep fields productive.
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Land Preparation

Land preparation should involve
bringing the field to good tilth and being
completely free ofweeds. It may be nec
essary to wait for rain or pre-irrigate to
have adequate moisture for land prepara
tion.

Ferti/ization

Some farmers broadcast a basal dose of
fertilizer that is worked into the soil at
land preparation. This is not a bad tech
nique ifthe field will be subsequently fur
rowed for irrigation. If the field is flat or
the irrigated units are flat it is probably
best to band fertilizer close to the seed.
This can be done at the time ofsowing but
is frequently done when the plants are
10-15 cm tall. It is recommended to fertil
ize with 200 kg N/ha, that can be in the
form of 150 kg of 15-15-15 at land prepa
ration and 100 kg ofurea as side dressing.
Some producers have used manure and
lower rates of inorganic fertilizer and
have realized excellent yields.

Irrigation

If the field is furrowed, seeds can be
sown on the top ofthe bed oron the side of
the bed which many prefer because the
soil is more readily wet by irrigation wa
ter. This can be a problem in heavy clay
soils with poor water penetration or very
sandy soils where water primarily moves
downward and the soil can dry rapidly in
the hot sun.

Sowing

If the parents of the hybrids do not
flower at the same time (nick), the parent



that takes longer to flower needs to be
sown fitst. In the case of NAD-I seed
production, it is established that the pol
len parent (male parent) must be planted 7
days before the seed parent. Sowing in
stnlctions are given in a training manual
published by INRAN and INTSORMIL
in 1997. Acommentonborderrowsisap
propriate here. In keeping with certifica
tion standards, border rows may not ap
peat as necessary but they are so. A good
yield on the seed parent is necessary and
for those rows of the seed parent on the
outside they may depend on border rows.
In that case border rows should be planted
seven days before the female parent. This
way there will be abundant pollen when
the female parent starts flowering. and re
duced contamination from foreign pollen.
Sowing rate and spacing should be used
SO that final plant stand is 180.000 to
200,000 plants per hectare. In rows 80 em
apart there should be a plant about every
10-15 cm.

Isolation distance can also be manipu
lated by sowing the seed crop 3 or 4 weeks
before or after the neighbor has sown pr0

vided both crops take about the same
amount of time to flower. If the neigh
bor's crop flowers 3 or 4 weeks before or
after the seed crop isolation by time might
be adequate. It would be worthwhile for
producers to become familiar with the be
havior ofother varieties of the same crop
in their areas of seed production.

Experience needs to be gained about
the best time for sowing. It appears that in
much of the cropping area in southern
Niger the best period is the last week or
two of June up to the middle of July.
Sowing as late as August can result in
plants ofless stature and lower yield, and

141

can delay the timeofflowering ofone par
ent more than the other. In higher rainfall
and longer season areas it may be best 10

delay sowing until the danger oflate rains
at crop maturity has passed and good
quality seed can be harvested (free of
mold and discoloring). A late sowing at
Bengou, however, resulted in a severe at
tack of midge resulting in substantial
yield loss. Possibly late so",ing could re
sult in increased stemborer attack. These
problems differ with each location so ex
perience is valuable. A well-managed
seed field will produce 1.800 to 2.000 kg
ofseed per hectare. not counting the grain
produced on the male parent.

W~uillg

It is important to keep seed production
fields free of weeds. Two to three
weedings should be done as early as pos
sible for the crop to get ahead.

T/tillll;"g

Thinning to the right planl stand
(80.000-120,000 plants per hectare) is im
portant. This is particularly tnIe if 10-20
seeds have been dropped in pockets.
Thinning should take place when plants
are 10-15 em tall and it is best iftbesoil is
wet to allow roots to be pulled and 10 per
mit remaining plants to reco\'er from rool
pruning.

(fthere are gaps in tbe stands in parts of
the field and thinning is required in other
parts it is possible to use the thinned
plants for transplanting. Experience indi
cates that very young plants do not trans
plant very well. Some farmers are even



transplanting plants 25-30 cm tall. It is
best if plants are 15-20 cm tall. Most of
the leafblades are removed from the plant
leaving a fairly stiff plant for transplant
ing. The transplanted plant should be
placed well into the ground and irrigated
as soon as transplanting is finished.

If transplanting is undertaken in a por
tion of the field, plants of the seed parent
and the pollinator parent should be trans
planted as this process adds a week or
more to the time of flowering and can re
sult in failure of a good nick.

Transplanting can be a useful correc
tive measure but it is not as good as a crop
from seed.

Crickets at times occur in large num
bers and damage seedlings to the point of
affecting stand. The use of an insecticide
to control this would be worthwhile.

Roguing

Roguing is the removal of off-type
plants and should be practice throughout
the life of the crop. At times an off-type
plant is vigorous with a good-sized pani
cle and there is temptation to leave it.
Again, one must remember the difference
between seed and grain production and
good quality seed cannot be full of seeds
that will be off-type in the farmers' field.
It is important that off-type plants are re
moved before they shed pollen. If they
shed pollen they can fertilize seed parent
plants resulting in seed that will produce
off-type plants for the farmer.

It may not be possible to identity an
off-type plant during the grand growth pe
riod of the crop. Sometimes it is not pos-
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sible to identity an off-type until seed be
gins to form and a difference in grain
color becomes apparent. It is important to
make a periodic inspection of the field to
identity off-types as soon as possible.

There are certification standards that
indicate a permissible level of off-type
contamination. For production of hybrid
sorghum, the number ofheads or plants of
another variety is one in 2,000. If it is
doubtful whether it is an off-type plant
(similar to other plants in the field), the
level of contamination is one plant in
1,000. For breeder and foundation seed
the standards are stricter. Breeder seed is
one off-type in 50,000 plants and for
foundation seed, one off-type in 35,000
plants. While there is not yet an active
seed certification program, these figures
do present limits to the producer who is
concerned about seed quality.

Pollination

Pollination on a warm dry morning
pollen may begin to shed soon after the
sun reacbes the field. If there is humidity
or dew the shedding ofpollen may be de
layed until 8:00-9:00 am. And ifthe plants
are wet from rain it could be 10:00-11 :00
a.m.

If nicking is good, natural pollination
may be sufficient to result in a good seed
set on the seed parent. It may be useful to
walk between the pollinator rows with a
stick in each hand and hit the panicles
knocking the pollen free. On a day with
no or little wind much of the pollen will
fall to the ground. Ifa motorized duster is
available it can be used to places where
seed parent heads are in flower with few
pollinator heads nearby, pollen can be



collected in bags. The bags are slipped
over the seed parent panicle and vigor
ously shaken. Pollen from one bag gener
ally will pollinate one seed parent head. A
crew of 4-5 people can handle many
pollinations in a day.

Crop maturity and harvest: these are
important considerations. The seed in the
tip of the sorghum head matures about 4
days before seed at the base. As the grain
matures, it begins to color and when fully
colored (no tinge ofgreen), it is approach
ing what is known as physiological matu
rity. At this point in the seeds develop
ment it has reached maximum dry weight.
A good way of knowing is to take a few
seeds from the base ofthe panicle. Exam
ine the bottom ofthe seed and ifthere is a
dark black spot where the seed was at
tached to the plant, physiological matu
rity has been reached. Moisture percent
age is still high- over 20%; however. ifthe
weather is rainy and conducive to grain
damage, harvest can be undertaken. The
harvested heads must be hung under a
shelter where there is air circulation. even
ifby a fan or they must be dried in a grain
drier when available.

Normally, the crop is left in the field for
several more weeks to dry. For harvest
and storage the moisture percentage
should be 12 percent or less. It is advis
able, following harvest, to dry the heads
in the sun for a few days to be sure that the
grain moisture is low, at I0-12% moisture
the seed is hard to bite.

Harvested heads need to be protected
from rain otherwise they will pick up
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moisture and if not dried again and they
go inlo storage at high moisture. germina
tion will go down and seed quality losl.
The germination of seed sold to farmers
should be 80% or better.

When harvesting, it is recommended
that all pollinator plants are harwsted and
the panicles removed from the field be
fore harvest of the seed parent begins.
This will help prevent mixtures. Also. the
threshing of pollinator and seed parent
heads should be sufficiently separated
that mixture is not possible. Ifa threshing
machine is used. it needs to be carefully
cleaned so there is no seed ofone type in
the machine when another type is to be
threshed.

Seed should be stored in bags. prefera
bly cloth. in an area that can be kept rela
tively cool. Thick walls. high ceilings.
and insulated roofeven ofthatch or stover
will help reduce lemperature. Ifair condi
tioning is available, this is a big help.
There should be air movement and the
Door and walls should be smooth so that
they can be swept to reduce a build up of
storage insects that "'ill live in cracks.
Steps should also be taken to control r0

dents.

Conclnsion

To produce NAn-I seed. a seed grower
must follow certain practices including:

• the choice of a uniform. flat and
well-drained field:

• avoidance of a field with sorghum
as pre\~ous crop:

• good isolation of the field:



• good seedbed to promote vigorous
germination and growth of the
seedlings;
sufficient quantity of water;

• high level of inorganic fertilizer
like 15-15-15 in basal application
and urea in sidedressing;

• follow staggered planting dates for
the parents;
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follow adequate agronomic prac
tices;

• harvest and thresh the parental
heads separately;
trcat the seed and store it in a dry
cool place;

• check germination before the seed
is distributed for commercial plant
mg.



Field Management for Sorghum Seed Production

Seyni Sirifi, J.W. Maranville and R.K. Pandey

Summary

Successful sorghum seed production in
Niger requires careful adoption of crop
management practices, Lack ofappropri
ate techniques of crop management can
lead to poor crop stand. reduced seed
yield and sometimes failure of the crop,
The most important crop management
criteria are site selection and land prepa
ration, crop establishment - row spacing
and density. nutrient management (fertil
izer rate. application method and time), ir
rigation requirement, plant protection,
harvesting and threshing,

Results from field studies on several
soil types in Niger suggest that the crop
performs bener on heavy fine textured
soil compared to sandy soil: however.
with improved nutrient and water man
agement, a satisfactory seed crop can be
raised on a sandy soil. Field studies on
crop establishment suggest that the ridge
and furrow system is superior to flat bed
as it allows greater water use by the crop
and facilitates intercultivation. Studies on
row (60-70 cm)and plant spacing (20-25
cm) provides sufficient plants 180.000 to
100,000 plants/ha) to produce high yield.

Nutrient management is critical for in
creased seed production. Under low soil
fertility. increased amounts of nutrient is
required compared to moderate to high
fertility soils. To achiev'e a larget yield of
2 t seed per hectare. 120-30-30 kg N-P-K
per ha in low soil fertility conditions and
90-30-30 kg N-P-K under moderate fertil-
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ity condition is generally required. The
distribution and quantity ofrainfall deter
mines the water availability for crop
growth and crop response 10 nutrients.
Poor distribution and low amount ofrain
fall often demands supplementary irriga
tion 10 ensure stable produclion and mini
mize the adverse effect of water stress
during grain filling.

In the early stage of crop gfO\\cw.

weeds compete with crop for water. nutri
ent and light. Failure to haw good weed
control results in yield reduction. When
the crop is tall (60-80 em), it can smother
weeds. Generally one or sometime two
weedings are required to eliminate weeds
during the season,

Harvesting and threshing are also cru
cial faclOrs that delennine the quantity
and quality of seed yield. Grain moisture
content at han'csl and method of thresh
ing may determine seed grown breakage.
Field losses due to these factors must be
minimized,

Introduction

Hybrid seed technology offers poten
tial for enhancing crop producriv'ity
through heterosis both in rainfed and irri
gated culture. However. adoption of this
technology without appropriate nutrient
management in l'iger on nutrient de
pleted soils would further deteriorate soil
fertility, Thus. proper crop and soil man
agement under a well coordinated go,'
eroment policy on fertilizer availahili!)'



and pricing would be required to enhance
sorghum crop yield from the present low
productivity. Developing a seed produc
tion system to support improved seed, fer
tilizer and other input supplies to farmers
is a necessary step to achieve the goal of
increased food production.

Managing a sorghum crop for seed re
quires understanding of crop needs for
plant nutrients, water, plant protection
and environments in which the crop is
grown. Use of improved crop production
practices and inputs determine the yield
level. Depending on target seed yield,
production practices and inputs must be
adjusted to achieve the goal. The sorghum
seed crop is usually planted in a ration of
two male rows and four female rows and
both have very similar cultural require
ments except possibly an adjustment of
planting date to synchronize flowering.
Otherwise, that of field management of a
seed crop is fairly similar to that of com
mercial open pollinated varieties regard
ing nutrient and water requirement to pro
duce similar yields.

In Niger, successful seed production
must have a satisfactory seed yield level,
and improving current seed yield from I t
ha'! to 2.5 tha'! would require adoption of
improved crop management practices.
There is obviously a need to examine crop
management practices using relevant
field data that determines crop productiv
ity in Niger.

The purpose of this paper is to review
crop management practices based on the
results of field experiments conducted in
Niger.
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Soil Type and Its Fertility

Soil type and its fertility level are key
factors affecting sorghum productivity in
the Sahel. Sorghum performs well on
finer textured soil, and most of Nigerien
farmers prefer to grow the crop in finer
textured soil than sandy soil since they
use very low inputs. However, sorghum
can produce well on sandy soil provided
the constraint ofwater and nutrients is re
moved or significantly reduced. Most
soils in rainfed areas are poor in fertility
and have low organic matter and water re
tention; thus, soil based management
practices is crucial for seed production to
attain target yields.

A field study was conducted to com
pare the effect of soil types on nitrogen
and phosphorus requirement of sorghum
in the Konni Perimeter. This area is char
acterized by mean rainfall of 477 mm
with potential evaporation of 679 mm
from July to October. Fournitrogen levels
were tested with and without phosphorus
on nine farmer fields involving three soil
types: silty clay loam (vertisol), sandy
loam and sandy (inceptisol). Results pre
sented in Table I show a differential re
sponse and requirement ofsorghum to ni
trogen and phosphorus in the three soil
types. The silty clay soil had higher yield
than sandy soil at similar nutrient applica
tion as it has higher nutrient supplying ca
pacity. A differential genotypic response
to nutrients was observed and the hybrid
NAD-I had slightly higher yield than the
improved line Sepon-82 (Table 2). Sor
ghum requires more nutrient when grown
in a low fertility sandy soil than a moder
ate fertile silty loam to produce a similar
yield. In the Maradi perimeter, where two
types of soil, sandy and sandy loam are
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found, grain yield was superior in !be
sandy loam compared to sandy soil at !be
same level of nutrient application (Table
3). Maradi is characterized by a mean
rainfall of 491 mm and potential
evapotranspiration of 70 I rnm. To opti
mize sorghum productivity. nutrient ap
plication and use in different soil types
must be based on soil tests if available.

Crop Establishment

Crop establishment is a crucial factor
in realizing good seed yield in Niger.

Good seedbed preparation is MCC"'ary
for seed emergence and subsequent crop
growth as well as water retention. Soil
moisture at planting is critical for germi
nation and good field emergence. Warm
air temperatures and high atmospheric
evaporative demand allows !be soil sur
face to dry fast. Lack of sufficient mois
ture in the upper soil layer and a shallow
planting depth often results in poor
stands. Seeding deplh and number of
seeds per bill often determines field emer
gence.
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Table 3. On-farm performance ofNAD-l in comparison to Sepon-82 at Maradi in 1997.
___. r--"'So"'i�....typ=e _

On farmer's fields Sandy -"S""andy lo,"'am'-'--- _

N rates kg ha- I S~on!:'·8'_'2~ _'N"AllD<:.-LI c--_S"'e£Po"!n!:'-8'_'2~ _'N"AllDc.-LI__

27 1833 2100 2)00 2566

54 2000 2333 2400 3633

81 2233 2620 2566 3700

108 2488 3200 3400 3866

LSD5%

cv

438

19.9

Sandy soil (>70% sand), Sandy loam (45 sand. 35 day, 20 silt).
Crop had mild water stress three times during crop season.

Sorghum is generally planted on a flat
bed in many areas for grain production.
Use offurrow and ridge systems increases
rainwater harvesting in rainfed areas, thus
higher productivity. In the irrigated per
imeter, these systems facilitate irrigation
and inter-cultivation for weed control;
thus, they deserve greater attention by
seed growers. Research results generally
show improved productivity when using
the ridge-furrow system where rainfall
conditions are limited.

A crop planted on ridges 60-75 em
apart and a hill to hill spacing of25-30 em
with 2 seeds per hill generally results in an
estimated plant density of
80,000-100,000 plants per hectare if
seeds have 75-80% field germination.
Thus, crop establishment becomes the
first step in crop management for en
hanced productivity (Pal et aI., 1996;
Patel et aI., 1992).

A field study was conducted to test the
effect of the ridge and furrow system of
planting on grain yield of sorghum com
pared to the use offlat beds in Maradi dur
ing the 1997 rainy season. Results of this
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study showed that use ofthe ridge system
had advantage in improving grain yield
over a flat bed system when rainfall is low
by improving water use efficiency (Table
4).

In another field study, effects of alter
ing plant density from 40,000 to 120,000
plants were evaluated at the Maradi re
search station in 1997. Results of this
study showed that increasing plant den
sity from 40.000 to 100,000 plants per
hectare increased grain yield (Table 5).
As the application of nitrogen was re-

Table 4. Effect of method of planting and ni
trogen rate on grain yield ofsorghum
in Mardi in 1997.

Nilrogen Flat bed Ridge/Furrow
(kg ha- l

) Method Method

0 1087 1583

45 1584 1950

90 2108 2375

135 2775 3117

180 2590 3095

Mean 2029 2424

----.bSDOO~. 324



Nutrient Management

Among plant nutrients, nitrogen is the
most limiting nutrient followed by phos-

Planl den-
sit}' !'oi45 N9Q NI3S

plants.ba

A field study was conducted al Lossa in
1996 to evaluate the effects of nitrogen
phosphorus and potassium on grain yield
of sorghum on sandy soil where organic
maner and available nutrients were low.
Rainfall was 350-400 mm in the 1996
rainy season. NAD-I hybrid and the open
pollinated variety Sepon-82 were e\'alu
ated at five nitrogen lewIs: 0.45.90. 135
and 180 kg N per hectare v.;th and without
phosphorus and potassium. Results
showed increasing yields up to 180 kg N
per hectare. and NAD-I out yielded
Sepon 82 (Table 6).

suggests that sorghum responds to nitro
gen up to 180 kg ha when soil moisTUre is
not limiting; however. under rainfed con
ditions, lower rates should be used.

Another experiment was conducted at
Lossa in 1997 to evaluate the effects ofni
trogen. phosphorus and potassium on
grain yield of sorghum on a sandy soil
with low organic maner and a\'ailable nu
trients. NAD-I hybrid was e\'aluated at
live nitrogen levels: 0,45,90. 135 and 180
kg N per hectare with and without phos
phorus and potassium. A split plol design
with phosphorus and potassium le\'els as
the main plot and nitrogen as the subplot
was used with four replications. Supple
mentary irrigation (300 mm) was applied
to meet the crop waler requirement. Under
supplementary irrigation. sorghum re
sponse to nitrogen on sandy soil was dra
matic and an increase ofnearly three fold
was observed. Response 10 phosphorus
was smaller but significant (Table 7). Ap
plication of potassium did not signifi
cantly increase grain yield. Addition of
organic residue with phosphorus and p0

tassium increased yield over phosphorus
and potassium application. Application of

Jl!!_.__
M...

LSDO,OS

phorus (Maranville et aI., 1980; Singh et
aI., 1987). Sorghum response to nitrogen
is very dramatic, and 2-3 fold increases in
grain yield are not uncommon. Phospho
rus effect on yield increase may be 10-25
percent depending on the level of avail
able phosphorus in soil (Cripps and
Matocha. 1987; Pawaret al., 1987; Pawar
et al., 1988). Response of the crop to p0

tassium is lower (Pawar et al., 1987;
Pawaret aI., 1988). Removal ofpotassium
by the crop from the soil deserves consid
eration if long-term productivity is to be
realized. Thus. a basal application ofcom
pound fertilizer (15-15-15) is generally
recommended. Recent research in Niger

Tobie 5. Elfecl of plool deasit)' 01 tb... nitro
gen Ienls on gnia )ieId witb lapple
mrDt8ry irrig.'ioD (lSOmm) la
Monell in t997.

-10.000 :!()Q5 1980 3413

60.000 :!360 3110 4667

80.000 .:!780 4250 5306
100.00 3884 4917 5534

I~O.OOO 346' 45SO $4F

duce<!, grain yield was also reduced at
each level ofplant stand. Cnder field con
ditions, to attain high grain yield, optimal
plant density with optimal nutrient use
should be targeted (Clegg et al.. 1974;
Patel etal., 1992; Singh et al., 1987; Villar
et al., 1989).
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Table 6. Effectofnitrogen, phosphorus and potassium on grain yield (kg/ha-l
) ofrainfed grain sor

ghum in Lossa during rainy season in 1996.
Nrate

(kg ha-1)

NO
N45
N90
N135
NJ80

Mean

SE

P40
625
951

1055
1665
2012

1262

P40+ K75
679
969

1360
1922
2387

1463

Mean
652
960

1210
1793
2199

1363

P40
48\
839
902

1581
1757

1112

P40 +K75
539
791
993

1525
1812

1132

Mean
460

815
947

1553
1734

1102

173

Seasonal rainfall 343 mm, sandy soil (86% sand), inceptisol, Low organic matter (0.3%)
Potential evapotranspiration (IOOdIlYs) 693 mm.

Table 7. Effect of nitrogen. phosphorus and potassium on grain yield (kg ha-I
) ofsorghum with sup·

olementarv irnt!stion 300 mm) in Lossa durin!! the rainY season in 1997.

N rate P40 K75+ i Mean grain
Ik. ha" POKO P40KO P40 K 75 2t ha"[ CR· yield

NO

I
2220 2390 2520 2690 2455

N45 3080 3490 3590 3720 3465
N90 5080 i 5320 4350 5430

,

5050
IN135 5610 6500 5430 7770 , 6170

N180 6580 7280 6420 8250 7230
Mean

SE
CV%

4510 4996 4462 5450 4854
390

14

CR"-crop residue (2t ha- I
)

Seasonal nl.infall 343 mm, sandy soil (86% sand), inceptisol, Low organic matter (0.3%)
Potential evapotranspiration (100 days) 693 mm.

nitrogen resulted in a linear grain yield in
crease to the highest rare applied (l80 kg
per ha).

Nitrogen Use Efficiency

Nitrogen use efficiency as determined
by partial factor productivity (kg grain/kg
N) is a measure of return on the invest
ment made by farmers. Partial factor pro
ductivity (Pfp) under farmer management
was lower than on-station (Table 8). One
reason was crop water stress due to de
layed irrigation. Normally irrigation is
provided when there is no rain for three
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weeks or so. This results in frequent water
stress. In contrast to this, crop
evapotranspiration demand on station
was met by frequent irrigation. Under
rainfed conditions, PfP was much lower
than with supplementary irrigation. Be
tween the two genotypes, NAD-I had a
higher Pfp than Sepon-82 (Table 8).

Crop Water Requirement

The water requirement of sorghum in
the Sahelian environment is not often met
by rainfall where there is erratic distribu
tion and inadequate amounts. Supple-



Table 8. Partial fattor productivity (Pfp. kggralalkal'iilofN.-\o-l udSepM-G udn'" i: e.
tar)' irrig._ ODd dlfft..,Dt Dittot:!D tata.

Qn-forrn _

Ni1rop
(lg hal) KOMi Manodi Losso Mandl

1'045 -IZ.7 56.8 77.0 695

MO 29.8 47.1 56.1 51.1
:-;135 23.1 339 4S.7 •...S
N180 22.2 27.0 402 341

IlaborodC_

Ni~ NAD-I Scpon-82
(kg ba-I ) Pfp

N45 21.3 181

N90 13.4 10.S
N135 13.3 II.S
NIBO 12.1 9.6

mentary irrigation is necessary to realize
full yield potential. Evapotranspiration
demand ofsorghum ranges from 450-550
mm ifgrain yield of4000 kg or above is to
be realized (Bnm et aI., 1972; Lewis et aI.,
1974; Zweifel et aI., 1987). In an
agro-ecological zone with 300-400 mID

rainfall, supplementary irrigation is
needed to produce good seed yield. In the
450-550 mm Rainfall zone, supplemen
tary irrigation is needed only if rainfall is
inadequate or not well distributed. Three
to four supplementary irrigations may be
needed in many Sahelian areas to produce
a good seed crop. A comparison of a
minfed and supplementary irrigated crop
showed a large increase (nearly two fold)
in grain yield when irrigation was pro
vided at booting, heading and grain filling
(Table 9).

Plant Protection

Among plant protection measures,
weed control deserves the greatest atten
tion. Normally, two manual weedings at
three sand six weeks after crop emergence

lSI

need to be made. (fweed inlellSity is low,
one weeding may be sufficient in some lo
cations. Due to lack ofavailability, use of
herbicides is generally not feasible.

Harv~tlDgandTb~bmg

Harvesting of the seed crop can take
place anytime after the crop bas reached
physiological maturity (when moisture is
between 20-25 percent). Generally. the
crop is kept in the field W1til grain mois
ture falls to 9-11 %. If weather conditions
favor grain deterioration. harvest can oc
cur earlier but the heads must be dried un
der shelter. If sorghum heads w;th bigh
grain moisture are piled, heat from respi
ration will occur and germination lost.
Generally, all pollinator beads should be
harvested and removed from the field be
fore harvest of seed parents begins.

Growtb Stage Based Crop Manage-
ment to Get Higb Seed Yield

Crop growth and development stages
can be broadly divided into three phases.



Table 9. Effect ofsupplementary irrigation on grain yield (kg ha-1
) ofsorghum in 1997 grown at dif

ferent nitrogen rates.

Nitrogen rate
(kg ha- l )

o

Rainfed Rainfall (402 mm)+
rainfall supplementary

(402 nun) yield _ irrigation (200 nun) yield
_______ .. _ kgha- 1 -- •• _-----

848 1964

45

90

135

180

Mean

LSD 0.05

Long tenn rainfall (491 mm with standard deviation 143 mm)
Evapolrnnspirationn potential--55? rom.

1248

1573

2331

2834

1777

412

2772

4040

4936

5784

3899

Crop management specific to each stage
should be followed to achieve the best
seed yield.

Growth stage 1 (GS-l) is the pe
riod from germination to conver
sion of the apical meristem from a
vegetative to a reproductive one.
Here attention to weed control, wa
ter and nutrient are key components
of good management. The applica
tion of N-P-K is normally done at
time of planting to avoid nutrient
stress.
Growth stage 2 (GS-2) is the de
velopment ofthe plant from panicle
initiation to flowering. Attention to
nutrient and water supply at GS-2 is
a key for determining seed yield as
stress will lower panicle grain num
ber. A second application of nitro
gen is generally done at this stage to
avoid stress.

• Growth stage 3 (GS-3) is the grain
filling period from flowering to
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physiological maturity of the
grain. Water stress can be a major

limiting factor during this stage and
the crop water requirement must be
met to ensure high seed yield an
quality.

Any stress (water or nutrient) which
hinders the normal progression of events
in GS-2 can have marked effects on yield
through reduction in plant size (root and
leaf area) and the number of seeds per
panicle (Lewis et aI., 1974). Water stress
has the most adverse effect on yield when
it occurs during booting or heading stages
(Musick and Grimes, 196\). Among the
three stages, GS-2 is the most sensitive
followed by GS-3 and GS-l. To maxi
mize seed production, efforts should be
made to reduce water and nutrient
stresses.



Conclnsions

High seed yield requires proper crop
management at all stages of crop gro\\1h.
Raising a good seed crop requires atten
tion from field selection to crop harvest
ing and threshing. Neglect at any stage.
site selection and land preparation. crop
establishment-row spacing and density.
nutrient management (fertilizer amount.
application method and time). irrigation
requirement. plant protection and har
vesting and threshing will adversely af-

Target Yield Based Nutrient Management

LowfeniJity salldy soil

fect quantity and quality of seed produc
tion. Since management ofa seed crop is
very similar to that ofa commercial grain
crop. suitable modification in crop man
agement practices should be tailored to
meet the needs of the region. Raising the
current average };eld level from I t ba" to
2.5 t ha" will require fine tuning of crop
management practices.

---------

It ha°l)

1-1.5 I b.a."1

~"~1Intl

s-p K kg ha° l

]<>-]I}-]O basal

-16 lop drn.s

36-30-30 basal

91 lop dress

f~ . ..

.. bap( 15·1>-1~..:OOl:,
1 bag> .....Hoo kg
.. bags 115-15·15..~ kg

.. hap furea)-:!OO 1:&

Moderllte fertility level (i,,;gllied KOllllilMaradi perimelerj

2-2..5 I ba- I

]1)- Jl}- JO hasaI

1.:!:; 1"1' dress

]I}-]I}-]O basal

67 5 lopcnss

4 bop IIS-IS-I;~:!OOLg
~ bags (urca)-IOO k.g

4 bop 1IS-15-1 ;\-100 k@

.. trap I urea l-~ kg

Target yield (Z.Ot or abow) based 011 crop tWlter IW[IIw.ellt
-- -_....._--,._--_.. _--_.-._- -----

1-2 irripnoac 50- I00 mIDl

RaiDlaD milt

]Q0.400

45()"550

600-700

P"n1~t:T .__. ~~_~_~__
Tilleb~rr'i4OQ..SOO 1-3 ttnpoooscI~~ aD)

Losso
K(IfUli .wo-~

MU3di

1kn8"" 400-;00 Son< odcquat<
T~. !\!Ul(~~ _
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Summary ofmanagementpractices for successful growing ofa sorghum seed crop

Consideration

1. Field selection

and land preparation

2. Crop establishment

row spacing and

plant density

3. Nutrient management

fertilizer amount,

application method

and time

4. Irrigation requirement

5. Plant protection

6. Harvesting and threshing

7. Storage

8. Field unifonnity
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Specifit Requirement _

Sandy/clay loam, fine texture soil

Plowing and cross harrowing

Ridge and furrow system

60-75 em, 20-25 em hill to hill

80,000 to 100,000 plantsiha

Based on soil test - N, P and K
90-120 kg N,]O kg P and]O kg
1. Basal at planting. side band (15·15-15)

2. Side dress urea 4-6 weeks after planting.

2·3 irrigations or more depending on rainfall and

its distribution

Floral initiation and flowering are important times for

moisture availability

Weeding - 1-2 hand weedings

Fungicide/insecticide use - sometimeli necessary.

After physiological marurity

Seed breakage to be avoided.

Store dry (10% seed moisture) and prevent

infestation of storage insects

Either by crop rotation or by an off-season crop

grow a green manure crop at a good level of

fertility that can be plowed into the soil.
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Seed Conditioning
and Commercialization

A. Bruce Maunder

Introduction

An obvious need of developing coun
try agriculture is technology transfer such
as with improved planting seed, from na
tional or international research improve
ment programs to the producer, both sub
sistence as well as the large operator. Un
fonunately, major improvements at the
experiment station level often only show
up in annual reports and producer yields
remain low. Lack ofthe proper infrastruc
ture for effective multiplication and dis
tribution of improved cultivars, such as
from hybridization, which requires input
from the private sector, most likely ex
plains this constraint. For any crop the ex
istence ofdependable markets, relatively
large areas ofcultivation, and a desire on
the farmers' pan to increase yields
through hybridization indicate that farm
ers might benefit from the presence of
commercial seed firms. Advantages and
likely reasons for success would be: (I)
dependable supply. (2) acceptable qual
ity/purity, and (3) improved level of per
formance (Maunder et aI., 1994).

To develop a seed industry means pro
viding a reasonable return on investment
without undue government restrictions
since capital risk will be required. Private
but indigenous seed enterprises are a logi
cal first step but their inability to cope
with monetary fluctuations and lack of
sufficient funds for research investment
often has put them at a serious disadvan
tage. Historically, public institutions have
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not been effective orefficient as pro~iders
of hybrid seed nor have they been struc
tured to do production and marketing. To
the contrary. on-going technical suppan
and encouragement by the public breeder
until the seed producer becomes ade
quately experienced is highly desirable.
Those new (0 the hybrid business must
anticipate a more complex procedure with
outside training early on bUl ev'cry coun
try possesses the lype ofindividuals capa
ble of such activity. A supply of trained
agriculturalists "ill be indispensable in
operating the seed firms.

Over the past seventy years. since the
hybridization of maize, numerous field
and vegetable crops have benefined from
the phenomenon coined by Sbull in 1917
at "heterosis" (Crabb, 1947). Examples
include plants, characterized by both per
fect and imperfect flowers. "'ith genetic
and cytoplasmic-genetic-sterilily.
protogyny, incompatibility. and genetic
markers allowing for wind. insect. of
hand pollination (Table I). hen the oil
palm. Elaeis guineensis. which accounts
for the major cooking oil in much of the
world. is in fact now derived from a ",ide
F I hand-cross of dura x psifera which
brings not only higher yield of oil bUI
bener seed characteristics into the end
product.

Location of Production Control

Success in seed production often re
lates to the specific ecogeographic area



Table 1. Specific field and vegetable crops currently hybridized and the method of pollination.

Field Crops fuetables

Maize w Cotton ih Onions Squash

Sorghum w Alfalfa Broccoli Beets w

Wheat w Oil Palm h Cauliflower Cantaloupe h

Canola wi Millet w Cabbage Cucumber i h

Sunflower Castor w !Tomatoes h Eggplant h

Rice wh Sugarbeet w Watennelon h Pepper h

Carrots Spinach w

W=by wind. i=insect transmission, h=hand pollination.

chosen. Location should be detennined
by region of crop adaptation which will
detennine parental line perfonnance in
relation to frost-free days, temperature
means and extremes, relative humidity,
adequate and timely moisture, often by ir
rigation, well drained soils, and minimal
abiotic and biotic stresses. Certainly free
dom from weedy relatives of the specific
crop will be essential. Heat units to enable
nonnal growth and pollen viability are
just as critical as a relatively dry harvest
period to provide adequate purity as well
as quality ofthe seed crop. Areas ofheavy
disease pressures on the seed crop will not
only reduce yield but may very well pre
vent movement of seed into commercial
channels. Weedy relatives not only cause
high costs of roguing but may cause
whole lots of segments of the production
to be eliminated from the market.

Also, the availability of temporary la
bor for field activity such as roguing,
detasseling, and harvesting can affect cost
ofthe finished product as well as quality.
This "unskilled labor" still requires a rea
sonable amount of training. Proximity of
the seed production and conditioning to
its intended market further relates to unit
cost. Most likely because the parental ma
terial as well as the end product generally
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adapt to the same area, production will
take place reasonably near the greatest de
mand and will become a component of
more intense growing areas of a specific
crop to reduce freight costs.

Equipment Required

Field equipment required for seed pro
duction will be dependent on that avail
able by the contract growers with some
more expensive or complex items at times
furnished by the seedsman, examples be
ing a pesticide applicator and a stationary,
or preferably mobile, harvester/combine.
Depending on the level of inputs, even
some conventional fanning equipment
may of necessity have to be provided.
Seed conditioning equipment would be
the principal investment along with a rea
sonably useable building for this equip
ment as well as seed storage. Cost ofsuch
equipment based on U.S. prices for such
crops as com, sorghum, and sunflower
may approach $75,000 U.S. (Table 2)
where season long conditioning would
readily handle 1000 tons. Harvest bags,
holding bins, scales, and finished product
sacks ofpaper or cloth as well as chemical
treatments would be additional as would
be the need for a dryer. Some level ofuse
able equipment could very well already
be in place as with Niger's effort to pro-



duce NAn-I, a first sorghum hybrid for
the country (L.R. House. 1997. pers.
Comm.). Also developed seed operations
constantly upgrade, putting much useful
conditioning equipment on the market at
more favorable prices. Finally. consulta
tion with experienced seedsmen will
prove invaluable at the time ofputting to
gether an efficient and cost effective seed
conditioning plant.

20-100% for hybrids over varieties are
cornmon in crops like sorghum. Sorghum
bieD/Dr(L.l Moench. along with erthance
ment ofseedling vigor. 5-10 days quicker
flowering, and improved test weight. not
to mention the greater ease of handing
abiotic and biotic SlresS. so often associ
ated with this crop.

FOlllldmiOll

Germplasm. Fouudation, Hybrid rr.
duction

Tobie 2. EqaipmeDllo coodltioo 1000 10D. of
maize. sorghum or 5uDDower seed
based 08 l".S. r05t estimates.

Componenl for
conditioning

Seedd~ and sizer

Ideal length grades

Pre-mi., tank

Seed uraler

EIC'\lltor

Com-eyors (2)

The process of production reqUIll:S
many variables. some controllable. others
not. making it impossible to be crop spe
cific within the ftamework of this paper.
Reference to Table I made earlier is criti
cal in that the transmission ofpollen dur-

Ready availability of the parental seed
slocks will determine the need for founda
tion maintenance. Should foundalion
seed be a component of the seed industry
smaller blocks for inbred increase with
even greater isolation to conform to cer
tification'purity restrictions mUSl be es
tablished. These may require increase of
all inbreds used in large scale production
as well as single cross production where
hybrids are 3-way or double cross types.
Male sterility will require A-line or fe
male production by the single cross ofA x
B where the B-line is identical genetically
but in normal cytoplasm allowing for pol
len production. This requirement to main
tain seed stocks in sufficient quality and
quantity when no othersource is a\1lilable
becomes a significant component of a
successful seed venture. Where the de'vel
oping or research entity has personnel and
equipment to handle foundation. new
seed ventures will have a higher probabil
ity for success.

HybriJ Sud ProiIllmoll

Estimated cost
C.S_eJ:~_·_~

S 3~.OOO

4500

~.700

3.300

~.OOO

8.00lO

S S8500
TocaI _

Without preliminary germplasm re
search to develop and determine best par
ents for hybrid production. parental lines
may be obtained from IARCs. NGO's.
NARS. or USAID CRSPs (Collaborative
Research Support Programs). As reiter
ated often by L.R. House from experi
ences in India. Sudan. and Southern Af
rica, the importance ofa significant yield
increase for the first hybrid or varietal re
lease cannot be over emphasized. In fact
Norman Borlaug believes that under
some cultures yield increases ofas much
as 50% may be required to achieve move
ment away from traditional landrace
cultivars (Maunder. 1997). Yield gains of
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ing hybridization significantly effects
many of these variables.

First, growers, often on a contract ar
rangement, must be located for the actual
crop production. These individuals
should be the more progressive farmers in
their community. The more interested and
prepared they are to cooperate, the less the
risk for a successful crop. Ifat all possible
they should have access to irrigation and
be able to provide reasonably uniform
soils without toxicity or water logging
problems. Some agreement within the
contract may be necessary to insure suffi
cient chemical inputs for a successful
seed crop. These seed growers may be the
supplier oflabor necessary to handle such
field activities as detasseling or roguing.
Payment can vary but is often based on
market price plus premium per unit
weight of harvested seed in an amount
sufficient to attract the best possible
growers.

Successful hybrid production depends
on high purity and quality parental (foun
dation) seed planted in the correct se
quence to assure pollination nicking and
in the correct ratio female to male for an
adequate volume of pollen. Examples of
ratio by crop would be sorghum 3: I, com
2:1 to 4:1, sunflower from 2:1 to 7:1, and
wheat from 1: I to 3: I (Wright, 1980).
Vegetable crop ratios also range from I: I
to 4:1 (D. Homes, 1997, pers. comm.).
Row width, ease and volume of pollen
movement are other factors. Where nick
ing is environmentally affected, even
from year to year, two or more planting
dates of male are practiced to spread the
pollen over more days to assure a good
seed set. Good nicking best reduces
off-types in the final product and allows
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sterile plants to escape such problems as
sorghum ergot. Planting date studies to
predict most likely splits are encouraged
for all parental or most likely parental
lines. Roguing before, during, and fol
lowing pollination is essential to maxi
mize purity and to meet inspection re
quirements. Another complexity of deal
ing with hybridization relates to adequate
isolation from non-male pollen such as
commercial cultivars and or weedy spe
cies some ofwhich may result in off-types
ofan extremely objectionable nature such
as rhizomes or seed shattering with sor
ghum.

Harvest must stress seed purity as well
as quality. Generally, the male parent
should be removed first to avoid contami
nation. Often a pre-harvest roguing will
take place depending on season-long
challenges with the specific field. Where
and when possible harvest will take place
may avoid use of a dryer or need for a
desiccant. High moisture at harvest with
too much heat from artificial drying can
induce dormancy, reduce germination, or
lead to rapid aging, a condition often asso
ciated with light frost damage. Every ef
fort at this stage should be made to care
fully label and store separately by seed
lots, often quantities which represent a
specific area of the field. These lots then
allow for purity checks affecting only a
part ofa field and can avoid excessive dis
card should a problem with grow-outs oc
cur.

With the overview of production re
quirements the complexity ofhybrid pro
duction suggests outside technical input
at the beginning ofa hybrid seed industry.
Many experienced with the crop could
serve as short term consultants. Where



government or international center re
search has developed the specific hybrid
cultivar, the breederor related agronomist
would greatly enhance success by being
available for guidance and season-long
problem solving. Additionally, the risks
of low seed parent yields, inclement
weather, and failure to meet purity stan
dards all favor input from the private sec
tor where investors are willing to take on
risk for a potential profit, an undertaking
not common to the public sector.

Marketing, Distribution, and Senice

Once the seed is produced, the
cultivar's attributes must be communi
cated to the commercial producer and the
seed be made readily available for pur
chase. This may take place (I) directly
from the seed operation itself, (2) through
a store or other retail type operation, or (3)
through farmer dealers, the approach
most commonly used in the early history
of the U.S. hybrid industry. Larger dis
lributors, capable of providing more ser
viCl:S, may become dominant in some
markets. This trend has developed to
better provide financing and service after
the sale. The larger seed companies, how
ever, also are expanding their effons to
provide agronomic suppon to customers.
These services anemptto pro\;de product
information as well as information on
likely crop production problems and their
control such as from abiotic and biotic
stress. At the time ofpurchase the grower
should additionally receive information
on germination, purity, seed size, and
even specific lot numbers.

Product advertising is especially es
sential in a competitive environment. Per
haps one of the most effective and inex-
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pensive approaches is through demon
stration or show plots either done inde
pendently or in conjunction ,,;th govern
ment extension effons. Producer meet
ings are often held at these plots to allow
for discussion of the specific hybrid at
tributes or limitations with harvest data
helpful in convincing growers to make the
transition to high technology seeds from
their common varieties. These meetings
may also take place between cropping
seasons where an update on agronomic
practices, insect, disease. and weed prob
lems and their control as well as nutrient
requirements can be discussed.

Pricing of the seed must also be gi\'en
high priority along with collection of
sales. No specific figures can be given
here but cost of seed from the contract
grower. sales and advertising expense,
and where applicable research cost are
critical to determine price which still must
take into account a reasonable return on
the invesbnent by the seed industry and a
competitive range to otber c:ompenies of
fering the same or similar performing
products. Remember the grower will do
his own calculation and a critical piece of
information will be the opponunity forre
turn on the potentially extra cost of his
seed. In most countries utilizing hybrids
the seed invesbnent is relatively small in
relation to the increased potential for both
higher yield and extra earnings.

Conclusions

Success as a seedsrnan. o~ an infra
structure is in place, will relate to many
variables among which ,,;11 be the vol
ume to produce to adequately meet de
mand. This may require a 25-30"'<. addi
tional production to account for distrihu-



tion logistics, change in cropping
systems, possible quality discards, and
hopefully competitive gains. As stated
earlier, likely reasons for success not only
include a dependable supply but also
credibility and conformance to pu
rity/quality standards. In developing
countries this assurance of a true
ness-to-type or expectation can be an ade
quate advantage to develop a successful
business. The third and most significant
reason for a commercial seed venture
would be to produce and distribute to an
adequate customer base a product of suf
ficient yield, quality or other agronomic
advantage to provide the consumer or
producer a more profitable business
whether it be selling the seed or growing a
superior crop. The profit incentive pro
motes improved quality and performance,
a characteristic not natural to the public
sector.

To start up a successful operation re
quires the ability to secure adequate fi
nancing by an individual or organization,
be willing to study and learn the business
and then become a primary component of
the agribusiness community. At times the
best ofplanning will still result in too little
or a carry over of supply which will re
quire storage facilities to maintain an ade
quate quality to the seed. There will al
ways be challenges with collection on
sales but this is a business and these chal
lenges are part of the risk. Depending on
the quantity and quality of competition,
the product performance must develop a
customer base adequate in size to support
the available seed industry. Success at
this entry level can then lead to a form of
in-house research activity to provide an
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improved and proprietary product. India
has no doubt been the recent best example
where in sorghum and millet the private
sector, value-wise, has captured 60% of
the formal seed market (Maunder, 1997).
Now, according to a survey by Pray et aI.,
(1991) some seventeen firms had Re
search and Development programs on
these crops, spent an average four percent
ofseed sales on research and employed 31
Ph.D. graduates and 45 with M.S. de
grees.

To realize benefit from the billions of
dollars of agricultural investment for im
provement ofdeveloping country agricul
ture will require a strong private sector
seed industry. Only with this transition
joined by those providing other critical in
puts such as chemicals and machinery can
the basic principles of agronomic re
search, already developed, return the nec
essary impact to mankind.
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Seed Production on Irrigated Perimeten

Naroua Djibo and Jean Jacques Schalbroek

The Irrigated Perimeters (1Ps)

ONAHA 's Jfission IlIId
Organivmon

ONAHA was created in 1978 to super
vise the creation and management of the
Irrigated Perimeters (IPs). Today. it is a
critical element in the national strategy of
rural development in the area of irrigated
agriculture. Initially. ONAHA directly
managed the IPs. It gradually shifted to a
support organization that helps farmer co
operatives toward self-management.
Since 1982, all IPs have had coops that are
in charge ofplanning and managing their
o"m activities. In 1984. ONAHA's status
was changed to a public office with indus
trial and commercial activities. which
gave it more flexibility for management
of its human and financial resources. Its
present mission is threefold:

• create IPs at the request of the gov
ernment:

• technically manage the IPs. includ
ing training coop members: and

• implement and or evaluate Irriga
tion projects.

ONAHA has its headquarter offices in
Saga (10 Ian from Niamey). Its staff in
cludes a director general. an administra
tive and financial director. a director of
equipment t and maintenance. a director
of operations. and two units which pro
vide evaluation and management/control.
Under the director ofoperations. there are
fi\"e regional offices located at Tillabery.

/6/

Niamey. Gaya. Konni Maradi. and Diffa.
These regional offices support local IPs in
collaboration with cooperalives.
ONAHA is being reorganized to focus
more on its role ofpublic service (techni
cal management of IPs. extension. seed
production, research and development)
and make bener use of its human re
sources and equipment in new projects.

The Cooperalives (CtHJps)

A national workshop held in Zinder
(1982) decided that farmers "'ould be in
volved in coop management and control
in ordeno make the IPs more sustainable.
ONAHA presently supports 47 coops
composed of 306 production groups for a
total of approximately 30.000 farmers.

Description of'lte IPs

The organization of the Irrigated Per
imeters is described in Table I. Thirty Six
IPs are along the Niger River where irri
gation water is pumped (Tillabery.
Niamey. and Gaya). The two Konni IPs
are irrigated from reservoirs that collect
water flowing from the hills during the
rainy season. The Maradi IPs are irrigated
from deep wells. The Diffa IPs are wa
tered from the Komadougou River and
also from deep wells. In total. 13. 000
hectares are under irrigation.

Rice is grown mainly along the river
under the regional services of Tillabery.
Niamey. and Gaya. Multiple cropping is
done at Konni and Diffa. with such crops



Table 1. Irrigated Perimeters supported by ONAHA.

Nwnber Irrigated area Number of Number of Irrigated area
afcoops (hal fanners fanner 1Z10UpS under crops (hal

Niamey regional office

16 3,605 9,242 74 Rice 3,551
Vegetables 54

Tillabery regional office

16 4.373 9,771 87 Rice 4.194

Vegetables 140

Others 39

Gay. regional office

4 672 840 28 Rice
KOORi· regional office

7 4,104 5514 109 Multiple crops
Diffa regional office

4 304 733 8 Multiple crops 208

Summer Rice 96
Grand Total

47 13,058 26,100 306

-Includes Maradi IPs
Soun:e: ONAHA 1994: presentation

as wheat, onion, peppers in the dry sea
son, and cotton, sorghum, and millet dur
ing the rainy season (Tables 2 and 3). In
Niamey and Tillabery, 200 hectares are
devoted to vegetables, including green
beans which are grown for export.

Production of Improved Seeds

The program started with the
SAADIA-AVAL seed farm in
1984-1990 with funding from the Bel
gian Agency for Cooperation (AGCD) to
produce rice seed. This support has now
expanded to cover sorghum, wheat, and
cotton. The current phase covers the
1998-2000 period, but the project started
in 1995. Activities have included the
identification of adapted varieties, their
extension, and seed production.
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Irrigated rice

This area ofproduction has five strong
achievements in Niger: organization of
farmers into coops; two cropping seasons,
with an average yield of 4.5 t/ha; use of
animal traction for land preparation; use
of improved seeds and seed treatment;
and use of high-level fertilization. The
two varieties grown,lR 1529 (99% ofland
area) and BG90-2 on 380 hectares at
Saga, are susceptible to RYMV. In
1996-1997, the ONAHA seed project
collaborated with lNRAN in the identifi
cation of two new varieties (WITA8,
WITA) from the West African Rice De
velopment Association (WARDA) pro
gram that are resistant to RYMV. The two
new varieties are currently under seed in
crease at the seed farm (breeder seed in
the off-season, and foundation seed in the
rainfed season during 1998) to increase
seed of improved rice (Table 4). Produc-



Tobk 2. Suf_ara,yieId""_a1 p......_of.../tIpIottOpldom.c ........Y__
1IW!!Cfl!!eI!' of ONAHA f!IIouI oftka (1994-1995 nen&!).

Area Yield Producnoa Ala. ill -.

(hal fl'bal fIl "'lOCal
COlt08

Kooni r<gjoaaI oma. 1.605 1.819 2.920 42-5

Diffil r<gjoaaI office 0 0 0 0

Yield average 1 819

Tolal 1.615 1.m 41.5
s.rp..

Kooni regionalo~ 1.411 1.764 2.49S 31.4

Diffil r<gjoaaI office 0 0 0 0

Yield average 1.764

Total 1.411 z.m 3U
MIIId

Konni regional office 70) 1.129 194 18.6

Diffil r<gjoaaI office 0 0 0

Yield a,"-cragc 11:!9

Total 7t3 194 I'"
OIHo'(_.....-...._,

Konni regiooaI office 52 1.4

Diffa regional office ) 0.1

Total 55 !.5

GrudTotaI 3.774 .M

Table 3. Suf_ ara, yield ud _a1 p........-of..lI1lIple crops i8 ...dry__...
JIIIOIDftl' of tk ONAKA rg:Io8al oftka (1994-1995 nO!!l!J.

Ala Yield Production Ala ill .....
OM) ItbaJ fJ) ,oCMllln\11_

Kooni rqioooI office 879 3.08 2.705 82.0
Dilfa regiooaI office 13 1.69 n 1..1
Yjeld IYCflIiC 306
IllcaI It1 l.m III

o.IH
Kooni regiooaI office 116 38.4 4.457 108
Diffil regiooaI olr"", 4 22.S 90 0.4
yjeldaymee

Iocal IH )79 4.547 11.1

Gnft'->
Kooni rcg;o.w office 0 0 0 0
Diffil regiooaI office 47 1.64 77 4.4
Yjcldaymee 164
Tgbl 47 n M

0<Hr(1 ttn ......... cDbep)
Kooni regional office II 1.0

Djff, rre:imM' office , 0'

Iobl J] 1.1

C..rudTotaJ IAn ,.
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tion ofrice seed is done atthe Saadia-Aval
seed fann, the fanner-seed producers'
coop responsible for primary production
who are also in charge of secondary seed
production at 35 other rice coops. This
fanner activity has been self-managed
since 1990 and has proven its viability.
The production and diffusion scheme de
vised in 1992 indicates seed replacement
every five seasons on all perimeters. Each
cooperative must then produce its own
seeds for four seasons out of five. This is
done by fanner-seed producers in two
seasons. A new seed production mecha
nism is now in place whereby INRAN
produces breeder seed and the seed fann
produces only the quantity needed by
fanner-seed producers. In addition, previ
ous-year seed will be used instead ofpre
vious-season seed (Table 4).

Multiple crops

Production of improved seeds of sor
ghum, wheat, and cotton is of concern.
The program is conducted by three coop
eratives (Konni I, Konni 2, and
Djiratawa) where other fanners could get
their seeds. This program, by the year
2000, should cover 90% of the needs for
sorghum and wheat seed, and 100% of
cotton seeds, which represents 30% per
year increase in seed production. The
unique characteristic of this program is
the fanner's financial participation (Fefa

500 added to rent and service dues each
season) in a seed fund. The seed project
also contributes by providing advance
money to the coops. The seed fund allows
the following: a guarantee to fanners in
volved in seed production (30% objec
tive); advances for fertilizer and other
specific needs; -purchase of foundation
seed from INRAN (wheat and sorghum);
paying for post-harvest seed handling,
treatment, packaging, storage and diffu
sion; and fanner compensation, particu
larly neighboring fanners in sorghum hy
brid seed production.

The same fanners produce wheat and
sorghum seed, which gives them the po
tential to become professional seed pro
ducers.

Approach

Sorghum and wheat

Multiplication of sorghum and wheat
seed is carried out together with a compo
nent of adaptive research, which allows
further changes in the seed program. The
main components are the following: de
tennination by ONAHA technicians and
fanners of the relative importance of all
varieties grown on the IPs; identification
of seed blocks for sorghum hybrid seed
production (fanner producers and their
neighbors); delivery and pre-financing of

Table 4. Procedure for ric~~~4 pro~,..u__c..ti""ou....__,-- _
Maximum area

Producer Seed e ha

JNRAN Breeder 0.25
Seed fann Foundation 25

Fanners- seed producers Commercial 300

~F"ann"""e,-,,,,,-·n,,,on'Ls,,,e,,,eduPll'ro,,,d,!!uc,,,e",,,~ --,,G,,ra,"in,---__'---_--'6'ho""O_Q .. .
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Maximum production
I

1.0

120
360



Tobie 5. ,,'...... seed prod..... i. dry _ t __t~.__

GnmdToW
Coopennh~ Varittt El MaCaOO8· Vari-ID_El k~\\-a~~__~~~_

Area Yield__.~ _---'o\te!.~ ):i~ld~_~ _

Komi I and n 0.74 ha ..1.0 t ha ~960 kg ~ kg

Djira..wa ~---,O",.7",2J>ha 4JlJ.\.!!L...~\;L_ ;:2004-
TobI '.74!oL ..4.0 tilut __ Z96t'" '2a"__4.~tJ!o!o_~k.._9M l!&-

• El Madaooa => Yekon. Rojo
•• EJ K~"1I " krusakm

Tobie 6. Wboot seed produced dDriactbe drY ......D.
Variety Variety TouJ

-,C-"ooper3""",,,,u,,·v£.e~~~~~~--,,EL'Yadaoua EI..KoQera\to-a ~~ ,.__
KOMi I 7.(100 kg 1.1'00 kg 8.800 kg
Konni II 7.000 k.g 3.600 leg 10.600 kg
...D!I!iira...."''''''~'---~~~~__~----'6!.o3,()QJ.&-- ---hI.~.U-_., ~?-,8OQy-~ _

Tot........~~~~~~~,Z •.l'!!!.!!&..... 6,9I9J<L.... Z7.101 K..__

inputs (seeds, fertilizers, and
phytosanitary products); pre-financing
land preparation; removal of ofT-types in
seed fields; harvesting. transportation.
and threshing; seed packaging; gennina
tion tests; diffusion (sale) of seed by the
coop; and survey ofplanted area,

It should be noted that seed production
is handled directly by fanners or coops.
The coops may pre-finance some activi
ties using funds provided by the seed pro
jcct. but this would be recuperated from
the seed cost. The project input is de
signed to be phased out in two years so
that the coops can themselves fund a prof
itable seed production. The ONAHA
stafT. who have been trained in hybrid
seed production by INRAN. supervise all
activities. In addition. INRAN provides
foundation seed each year.

Cotton

Cotton seed production began in 1998
with the help ofthe Societe Cotonniere du
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Niger (SCN), which pro\;des ad\'ance of
funds for inputs and assists with field
management. One hectare ofpure seed of
variety STAMF from INRAB ("ational
Agricultural Research Institute ofBenin).
was planted.

Results aDd OD-gOing .c1i\·ities

Seed produced in 1999 "'ill CO"er the
needs for the dry season which represents
225 hectares or 30'% of the wheat area on
IPs (800 hectare). In the trials. the variet
ies EI Madaoua and EI Koderawa are
2<l--25°. hig.her yielding than othenariel
ies.

Sorglll''''

In 1997, three \'arieties were selected
by fanners: SEPON82. I '2 MSB. and
NAD-1. Production of NAD- J hybrid
seed was handled by one fanner in each of
the Konni I and Konni " coops. and two



neighboring farmers at Djiratawa. Pro
duction of SEPON82 seed was handled
by one farmer at Djiratawa and 1/2 MSB
by one fanner at Konni 2. It should be
noted that hybrid seed production by
farmers is a first in Niger. NAD-I seed
production requires close monitoring and
special training. Care must be taken to en
sure nick in the flowering of the two par
ents. NAD-I female parent flowers about
a week earlier than the male parent, which

requires staggered planting, and supple
mental irrigation, and fertilizer. In addi
tion, to prevent pollen contamination,
neighboring fields must be planted with
the male parent. At flowering, off-types
and shedders must be taken out of the
male and female rows, respectively. At
maturity, any panicle that is off-type is
also taken out of the field. Results of the
1997 and 1998 seasons are shown in Ta
bles 7-12.

Konni I
ha

Table 7.

Variety

Sorghum varieties grown on KOBO. and M;!'radi IPs in ra~ny season 1997.
Are~t~ed~ --,- _

Konni I+ Konni IT I Djiralawa I KOMi + Djiratawa
ha % I ha _~o/<""_-,--,,h~a__-,,%,--_

Local varieties
EI Tsedawa
Janjarc
Mota Rouge
Others

Total

270 -rJ93----r-663 72 I 0 ~oI! 6
1
6
7
3
5

6
1
2
688 I' 87 I 175 19 I 0

_-'5,,-~_~ I 5~ ~ 3~ 2~_~_~ : __
408 I 480!88-8--%~~-~27 '928 87

INRAN recommended varieties
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Farmer seed producers
I I 5

otal

Diverse varieties

Y2MSB --O~ 0 0 0 57 39 57 5

Sepon82 2 10 12 1 37 25 49 5
lRAT204 0.2 I 12 12 1 0 0 12 1
NAD-I 0, 2 2 0.2 7 5 9 1
__T-"o"t...I__===2~_-_LM~--2"'6----""2'------t--1-01'-----6~9'-----\--12-"7'--------'12l.--

3 1 6 TJ
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Table 8- Stuuury .......... from ...........1loII1rlab at lIlni N·K.... _ ~ (Trlak
__ mldgo anaek.

Grain yield PIaD, hniclcs SCl'> -".ofmota hcillbt porhill ""-"'8 .......,.,
Vlriety t'ba b:anc (em) (obr) (ul 'i"

, ...,' variet:in
EITseda... 3.14 ~8 295 3.1 51 73
Janjare 2.93 92 328 3.0 62 10
MOla BlaDe 3.19 400 302 3.3 n 90
MOlli Rouge 2.81 38 287 3.1 51 80

r.-.J(A,... YV!ol!ts
Iii MSB 3.10 97 258 2.7 64 89
Scpon 82 3.95 124 176 3.1 66 90
IRAT 204 2.61 32 159 3.0 60 84
9OSN7 2.82 88 244 2.89 63 87

NAD-I 4.20 132 191 ]I 66 89
Mair parnl efNAD-I UINiII

MR732 240 75 161 2.9 70 92
S..btr of trials 6 6 6 , 6

Yidd: CV = 28.N lsd IO.OS) = 1.01 t'ha

Table8a. Restdb of IOrglium varietal saney: fanHr cltoice ofbest (!If ~. po-·1ftI) varieda.
Konoi (I and III

Variety KOOBi II and III DiiIJlp'J and DjirJla'a'll

Total 0/, Total % Io!a! ..
Opn ........... variety

EI Tscdawa 28 13 5 5 33 II
Y,MSB 47 2J 25 24 n 2J
Scpon 82 18 9 25 24 43 14

9OSS7 31 15 23 22 54 17

IRAT 204 19 9 0 0 19 6

Janjara 9 4 0 0 9 3

MOla blaDe 10 5 0 0 10 3

MOla rouge 141 5 0 0 II •
Hyllrid ........ 1IL\Do1 ",Ib _ ,.....

NAD-I 32 15 26 25 58 19

MR732 3 I 0 0 3 I

Total 208 100 104 100 m 100

NB: farmcl'sample $izI:: KtxIIri II aDd Ill: s!. D:J~ 16

J67



KOllni I and II

Results of sor.,ghum varietal surve

Variety

Table 8b. : the best ,",:0 varieties selected by farmer.
Konni (I and II

Diirata~.1L..-~.I and Djiratawar
Total % __+-_~rotal %, .____ Total ~.~

EI Tsedawa 10 10 4 8 I 14 9
Y2 MSB 34 33 18 35 52 33
Sepon 82 36 35 17 33 53 34

90SN7 20 19 13 24 33 21
~I"RA,,-,-T...2~04~ ~4 4,,-___ 0 0 ~4 3<___

Total 104 100 52 ._-'["'00"- ""15,,6'- -'1,,00"-_

NB: farmer sample size: Konni (I and ll): 52, Djiratawa: 26.

Janjare

Mota blanc

Mota rouge

Sepon 82

lRAT 204 -hard grain: high soil moisture needed for gennination
-susceptible to Strigu
-susceptible to grain molds

90 SN 7

NAD-I ~need to renew seeds each season

MR 732 -low yield
-late maturity
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Table 10. Rauth of sorghum varHtaJ I."~·: farmer iateD' OR Iftd p.rdlaw.

)1

)~13
o 0 0 0

29 56 4' 30
o Q . ' "'t. _

52 __ II. J~ I•._._

~I ~O

10 18
0 0

18 17, 7

11M 100

EITseda\\1l
I~MSB

Scpon 82

90SS 7

IRAT 2M

I'AD-I
Sooe
TotaLI ..,..,~__

____-"Qu"'ntio.:oh.hichttro,..- ...ouldlberllnllff ....-gaodqu!!t)·-...-.
J((WlJ tI - m

-'~'-'·an"'·"....u· --"K~o~nru"'·-"LI'--~II")__~~ Djinlta"",,I'-- ---'an4~lJiIP _
Total --.i T~ota~,1 .:, ~T~ ._ .,__

o 0 0 0 0 0
39 38 0 0 J9 15

10 19

so: fafllln sampk SlzJ:: KOmti II and III: ~:!:: Djimn,a: 16

Table 11.
Seed block Area lha)

Konni II

DjinuaVl-a
'~ MSB

Scpon 82

0.19

0.32
__-----'0.51

Kormi I 420
Komi 1: 593

Djinllawa ,...
"""""'"'" :~

Moukla •
J:iIlmI 1<
.I.Il!lI '4"
Komi I ·eo
Komil ~qJ

Djlnlg",~ ,...
............ ~~

'Ioulda •
(",1m, 1<
T.Il!lI .....
Konni I 420

Komi2 ~9)

Autro }Q"

ToQI \410

.IIY! ."1'
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Conclusions

Production ofhybrid seed is very risky
for fanners given the unpredictable start
of the growing season,which may impact
plant growth for both female and male
parents. This activity is intenseand re
quires continuous field presence by fann
ers and the ONAHA staff.

Overall, supervision ofthe program by
the co-op has many advantages:

• a seed fund that guarantees sale of
seed produced by individual fann
ers;
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• less cost for seed blocks;
• better supervision from technical

staff;
• better diffusion program; and
• possibility to produce under con

tract for other institutions or pro
jects.

Although the price of seed (650-800
Fcfa for a kg ofNAD-I) does not limit dif
fusion, Nigerien fanners are not used to
purchasing seed every year. This is espe
cially problematic, because seed supply is
small, and seed may not be available for
replanting.



Farm Level Profitability and Evolution of
Input-output Markets: Economic Penpective

Tabirou Abdoulaye and J. H. Sanden

Introduction

New cultivars with high yield potential
have been developed to increase agricul
tural output and to improve farmen;' in
come. Among those is NAD- I. the fin;t
sorghum hybrid released in Niger. Exper
iment station and on-farm trials con
ducted since 1990 show that NAD-I pro
duced 4 to 5 times more grain per hectare
than local varieties (Kapran, 1998). Ef
forts are now being made to develop a
seed industry for this bybrid. based upon
farmer seed production. A consistent seed
supply is necessary for a sustainable use
ofhybrid technology. For farmers to start
producing hybrid seed, assured demand
for bybrid seed is necessary. So there is an
interaction between the evolution ofa lo
cal seed industry and adoption ofthe new
cultivar. Here, we are concerned with the
conditions under which the introduction
ofthe hybrid will be profitable to farmers
and the constraints at the farm level to the
rapid introduction ofthe hybrid and asso
ciated technology.

Programming results showed that hy
brid sorghums under irrigation and inor
ganic fertilizer use are more profitable
than local and improved sorghum variet
ies in Birni N'Konni (Ensink. 1989). Un
der minfed conditions. farm level eco
nomic evaluation of hybrid sorghum in
Niger has not been conducted. NAD-I
with inorganic fertilizer is proposed dur-
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ing the rainy season for both dryland
(minfed) and perimeter land ("here sup
plemental irrigation is a,·ailable). On the
irrigated perimeter of Bimi YKonni,
crops are gro"ll during the rainy season
with supplemental irrigation.

This paper examines the effects of the
economic environment (prices of inputs
and outputs) and the ability of the farmer
to finance input purchases on the adoption
decision ofthe new hybrid. These are con
sidered to be critical conditions to ensure
profitability and thereby adoption. In the
following sections, we present an over
view ofthe region, then the model. and. fi
nally, results and conclusions.

Region and Background

Sorghum is the second staple crop (af
ter millet) in Niger. In addition to the
grain. sorghum stalks are used for con
struction and animal feed. Bimi N'Konni
is representative of the low lands, where
sorghum is concentrated in Niger'. In
1995, 12,000 tons of sorghum were pr0

duced in the Bimi N,Konni region. This
represents about 5% oftotal sorghum pr0

duction in the country for the same }'ear
(Republique du Niger, 1997).

Population density in Bimi N'Konni
has increased from 33 person/Ian' in 1977
to 48 person/kIn' in 1988 (Republique du
Niger, 1991). The farm households in the



study area averaged 6 persons, with 3.9
hectares of dry land. The main crops
grown include millet, sorghum, and cow
pea on dryland; cotton and sorghum on
perimeter land during the rainy season;
and wheat during the off-season. Inor
ganic fertilizer is not applied on tradi
tional crops (millet, sorghum, cowpeas).
However it is used on cotton and wheat
grown on the irrigated perimeter.

One of the largest irrigated perimeters
in Niger where sorghum production is
promoted is also located in this region. Ir
rigated land on publicly managed perime
ters is allocated to farmers from surround
ing villages. The average area per house
hold on the irrigated perimeter is 0.75
hectares (Abdoulaye, 1995).

On drylands, sorghum is intercropped
with millet and/or cowpea. It is also
grown as a sole crop on lowlands with
heavier soils. Sorghum yields are gener
ally low on the drylands because of low
rainfall, use of traditional cultivars and
poor soil fertility. For Bimi N'Konni the
1991-1995 average yields were
370-kglha (Republique du Niger, 1997).
Almost no purchased inputs are used in
the production process, with the excep
tion ofhired labor for weeding.

On the irrigated perimeter, sorghum is
grown with supplemental irrigation in ro
tation with cotton during the rainy season.
Sorghum yields here are relatively higher
than on dryland due to the better availabil
ity of soil moisture and residual fertilizer
from the cotton crop. In 1990, local sor
ghum yields on the irrigated perimeter
were estimated at 690 kg/ha
(Lowenberg-DeBoer, 1990).
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In contrast to local sorghum, NAD-I
offers impressive yield increases when
combined with moderate fertilization in
both rainfed and irrigated zones. On-farm
trials showed that with fertilization levels
of 100 kglha of super simple phosphate
and 50 kglha of urea, NAD-I yields are
1500 kg on dryland and 2500 kg on irri
gated perimeter, where supplemental irri
gation is available (Kapran, 1998).

Constraints to sorghum production in
this area include inadequate and irregular
rainfall, poor soil fertility, low and vari
able output prices and cash availability
for input purchase. In Bimi N'Konni, wa
ter quantity in the reservoir depends on
rainfall, so that in bad rainfall years, water
is insufficient to irrigate the whole perim
eter. Soil fertility especially deficiency in
phosphorous and nitrogen has been a ma
jor problem for agriculture in Niger
(NAARP,1992).

On the economic side, the main con
straint has been low output prices relative
to input prices, which prevent farmers
from purchasing the inputs necessary for
increased production. Formal credit sys
tems do not exist in most rural areas in
Niger. There are several ways farmers can
get the funds for input purchases:
off-season work in the city by members of
the household, livestock sales, non-farm
activities, or work on another farm while
still living on the farm, and informal
credit systems (Abdoulaye et aI., 1991,
Reardon et aI., 1994). Non-farm activi
ties generally are the most important
source of income. Non-farm activities are
very common as many trade opportunities
exist in the region due to proximity to Ni
geria.



Metbods

The general framework for this analy
sis is a linear programming model, which
maximizes farm income subject to re
source constraints. Single activity evalua
tion, such as partial budgeting, does not
account for the economic context under
which production takes place. There are
important system interactions in farm de
cision-making. Programming is suitable
for farm level analysis, because it incor
porates these and considers constraints of
available farm resources. Farm program
ming models enable scientists to project
potential farm income and to identify
farm-level constraints delaying adoption.

An important aspect of Nigerien agri
culture not included here is risk associ
ated with agricultural production. Risk is
an important determinant ofnew technol
ogy adoption in rainfed systems. espe
cially if these technologies involve high
use ofpurchase inputs. such as inorganic
fertilizers. Given the importance ofrisk in
this type ofeconomic environment future
modeling work on NAD-I "ill include
risk as more data on the distribution of
crop yields becomes available.

The model determines optimal land
and resource allocation among cropping
activities. Crop production activities on
dryland include sole crop (millet and sor
ghum) and intercrop (millet'cowpea. mil
let/sorghum, and millet'sorghum/cow
pea). Activities on the irrigated perimeter
include sorghum-conon in the rainy sea
son and wheat for the dry season. Three
principal constraints (land, labor and cap
ital) are imposed in the model. Land con
straint (dryland and irrigated perimeter)
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limits the land available to 4.65 hectares.
ofwhich 3.9 hectares is on drylaod.

Hybrids require investment in pur
chased inputs. To determine available
cash. average imestment in crops includ
ing seeds. fertilizers, and hired labor was
used. Survey data from Bimi "I'Konni.
indicated that the average investment was
7,000 Fcfa'ha (IS V.S. = 272 FCFA in
1989, IMF 1997). When the sample was
restricted to farmers ",ith irrigated perim
eter land. that average was I~.OOO Fefa ha
(Abdoulaye. 1995). In this model. we as
sumed that 65.000 Fefa (13,000 x 5 hect
ares) of cash was available at the begin
ning of the cropping season for invest
ment in crops. With sensitivity analysis.
we varied the amount ofcapital to evalu
ate the effect of cash availability on the
adoption decision.

The technology being evaluated is
NAD-I with associated practices. [n the
model, a hectare ofNAD-1 requires 10 kg
of hybrid seed along with 50 kg of urea
(46% N) and [()() kg NPK (15-15-15).
NAD-I technology is introduced in the
model as a sole crop on both dry[aod aod
irrigated perimeter and in rotation "ith
conon on the perimeter.

Breeders' estimates of NAD-I yields
are discounted by 35° ° and 40°. on
<!ryland and irrigated land. respecti\ely.
in the modeling. These \'alues are giwn in
Table I. Differences in farm management
account for this. lJsually. under trial set
tings. farmers devole more anention 10

crops than they do normally. Still. these
yields for the new hybrid and associated
practices are much higher than presently
observed among cereal yields on either
dryland or irrigated areas.



Perimeter

Data for this analysis come from sur
veys conducted in the area by Institut Na
tional pour la Recherche Agronomique du
Niger (INRAN) (farm resources and crop
yields), National Statistics (crop yields
and prices) and Systeme d'information
sur les Marches (SIM) (crop prices). In-

Table 1. NAD-t grain yields assumed in the
model.

_______,------'D=~J;dJ
NAD-I (grain in kg ha-1

) __~OOOl"'00"-----'-----'1"'50"'0_

put and output prices are summarized in
Table 2. Fertilizer prices also include the
cost of search and transportation. These
were assumed to be 10 Fefa/kg or 500
Fefa per 50-kg bag. Sensitivity of model
results to a lower level of transportation
cost, (5 Fefa/kg), and to higher costs (20
Fefa/kg) was also determined.

Results

Before the introduction of NAD-I,
land is allocated to millet/cowpea
intercropped and millet/sorghum/cowpea
intercropped and to sorghum cotton rota
tion and wheat in the off-season accord
ing to model results. These results are
consistent with surveys from the region,
which showed that intercropping is the

dominant cropping system (Lowenberg
Deboer, 1990).

When NAD-I is introduced in the sys
tem, land is allocated to it mainly because
of the increased yields. According to the
model results, if farmers knew about the
technology and could get the seeds and
fertilizer, then they would adopt it.
Farmers plant NAD-I on all their irri
gated land (0.375 hectare) replacing local
sorghum cultivar. Investment in irrigated
land has a higher return than investing in
dryland area. But even on the drylands,
0.55 hectare of dryland is allocated to the
new hybrid sorghum (Table 3).

Another reduction in input costs
can be achieved by increasing the effi
ciency ofthe seed industry. Currently hy
brid seed price at the seed co-op is about
seven times the price of grain or 650
Fefa/kg (House, 1997). The Co-op pro
cures seeds from seed producers for 350
Fefa/kg. With increased efficiency of the
seed industry, hybrid seed prices are ex
pected to decline. A decrease in seed price
to 350 Fefa/kg leads to an increase of27%
in dryland area allocated to NAD-I.

On the other hand, if infrastructures
worsen so that search and transportation
costs of fertilizer increase to 20 Fefa/kg,
the required investment for NAD-I in
creases, and its profitability is reduced.

650

NAD Seed
165

NPK
8992

Millet
Price -I

Table 2. Avera e in ut and ou ut

Sour~e: 1. 81M for sorghum (average ofNav 95, 96. and Oct 97), for Millet (average of Sept 95,96, 97), for cowpea (average orOct
95,96,97).

Source 2: Centrale d'approvisionnement for fertllizer (official price + transport cost, 1997/J 998)

Source 3: House (1997) for NAD seed price
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Consequently, dryland area allocated to
NAD-I is reduced by 19%. Basically, all
cost-reducing situations lead to an in
crease in the dryland area of adoption of
hybrid sorghum. Given the current eco
nomic situation in Niger, it is very un
likely that the government will engage in
subsidy programs. In the long-run, there
will be improvement in the country's in
frastructure. In the short-run (next de
cade), however, it is probably better to
concenlJllle on improving prices received
by fanners to stimulate the diffusion of
hybrid sorghum and associated improved
practices.

On the output side, improvement in tbe
economic environment may lead to
higher output prices for farmers. Cereal
prices in Niger are very low at harvest
time. However, prices rise gradually af
ter. In Bimi N'Konni, the average sor
ghum price was 116 Fcfa/kg (May
1995--1997) compared to 89 Fefalkg at
harvest (Computed from OPVN data,
1995--1997). If we assume storage of the
hyhrid until Mayor ifhyhrid grain can re
ceive a price premium, for example, for
better processing quality, model results
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show that dryland area allocated to hybrid
technology on dry land increases by 5%.

Thus, reducing the effects ofprice col
lapse has a short-term effect on the
dryland area. For tbe long-term. tbe farm
income increase would allow capital ac
cumulation over time as well as increase
future investments in purchasing more
fertilizer and seeds.

The liquidity available for invesunenl
in agriculture is another major constrainL
The importance of liquidity was tested
through an increase in cash available for
invesunent in agriculture al tbe beginning
oftbe cropping season from 65.000 Fefa
to 85,000 Fefa (IS U.S. = 583.67 Fcfa,
IMF 1998). This 20.000 Fcfa increase in
cash availability corresponds to tbe sale
of a sheep or an increase in non-farm in
come. Moreover, fanners often engage in
off-farm activities and receive remit
tances, which can be used to increase cap
ital availability to tbe bousebold. This in
crease in liquidity leads to more than dou
bling dryland area allocated to hybrid
sorghum (Table 3).



Cash availability determines how
much the farmer can afford to invest in in
put purchases. The quantity ofpurchased
inputs in tum determines the area, which
will be allocated to hybrid sorghum.
However, if the yield levels in the model
are possible, farmers would adopt. In that
case, the diffusion process would acceler
ate as adopting farmers would accumulate
capital for higher input purchases the fol
lowing year. Their neighbors would see
the possible gains and imitate them.

The combined effect of increased out
put price and higher liquidity are analyzed
by decreasing input-output price ratio for
two levels of liquidity (Figure I). The
weighted2 costs of purchased inputs
(seed, fertilizers) are divided by the price
of sorghum to obtain the input-output
price ratio. Change in input/output ratio
was considered for the two levels of li-

quidity available (Levels I and 2) This li
quidity available for investment is set to
65,000 Fcfa for Level I and 85,000 Fcfa
for Level 2 as explained previously.
These levels could also represent farmers
with different resource availability in the
same region.

If this price ratio is changed from 3 to
2.5, this corresponds to a 19% increase in
output price (for fixed input costs). In or
der for the relative price ratio to fall to 2,
given fixed input costs, output prices will
have to increase by 48% from their cur
rent levels. This level of increase is not
unusual in Niger, where price increases of
this magnitude or more are frequently ob
served between harvest time and the next
planting period. However, it is at harvest
time (when prices are low) that most
farmers sell their output.

'5 3.5 -,---------------------,
.e- Lewl 1 Lewl 2

~ 2 3
5

~.",. '".'''-
a. . ~-~
c:

:go 2 "...
""113
a:: 1.5
CD
.g 1
a. o 1 2 3 4 5

NAD-1 area (hal

Figure 1. Simulation results of hybrid sorghum area per farm as a function of relative input price
for two levels of liquidity availability.

2weighted by the relative importance of both expenditures by fanners.

176



These downward-sloping relationships
between area devoted to NAD-I and the
improved economic environment (with a
higher output price for sorghum) indicale
the importance of storage and other pro
grams in order to increase the demand for
sorghum as part of organized efforts to
more rapidly introduce NAD-I into
Nigerien agriculture. The response curve
shifts to the right with more capital avail
ability. Therefore. response to improved
economic environment is larger when
more initial capital is available to the
household (Figure I). Finding ways to in
crease the cash available for purchasing
inputs also accelerates the introduction of
NAD-I. This is more difficult SlOce pub
lic credit programs are unlikely; however.
over time. farmers will develop financing
mechanisms with the fertilizer dealers.

Conclusions

Hybrid sorghum technology is profit
able and expected to be adopted by farm
ers on rainfed and irrigated areas. Im
provements in economic conditions will
increase diffusion of hybrid sorghum
technology. In years with good cereal
production. output prices collapse and
without financing. farmers frequently feel
pressure to sell at low harvest prices to re
pay debts or to obtain cash. So. strategies
to offset seasonal price collapses after
harvest and to moderate the price declines
resulting from good weather or improve
ment in input markets (seed and fertiliz
ers) are critical. Improvements in the in
frastructure also can have similareffects.

Accelerating the adoption of NAD-I
can be achieved by increasing the output
price farmers receive. Bener access 10

markets. farmer management practices

Iii

(storage) or increased demand for sor
ghum Ihrough research on new uses <pro
cessing. industry) can gh'e farmers bener
prices for their outputs. Slorage opportu
nity costs may be vet)' high for most farm
ers. iflhey are pressed to repay loans or to
make urgent purchases irnrnediatel~'after
the harvest.

Decision-makers often fear increases
in basic food prices including cereals be
cause of the burden this imposes on urban
consumers. however. in the long run
prices decline because production costs
per output unit decreases with technologi
cal change thus. both farmers and con
sumers will beneiit. Because ofthe power
of urban consumers. decision-makers of
ten adopt policy measures that reduce the
prices of cereals. This type of action hin
ders the introduction of technological
change in agriculture. Policymakers need
to recognize the importance ofa favorable
economic environment for agriculture to
hasten farm le"el-investrnent and techno
logical change.

For diffusion of hybrid technology to
be sustained. input markels need to be
well-developed. Fanners often complain
about the availability ofnecessary inputs.
Farmers need access 10 fertilizers and
seed for production of NAD-I. The pri
vate marketing sector needs to make seed
and fertilizers available at the "illage
level.
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Regional Needs for Training
in Seed Production

N.D. Vagona and N. I. Jika

Introduction

Seed is one of the most important agri
cultural inputs. As such. it must be avail
able in adequate quantity and quality. and
at the right time to those who need it.

Current Status in West
and Central Africa

In most counnies. research effons have
led to the release of improved varieties
that are wanted by fanner.>. However. the
results of collaborative activities at the
national, regional, and international lev
els do not quite meet the needs of fanner.>
and food processor.> in terms of seeds.

Seed production and disnibution by the
public sector has usually been too expen
sive and non viable. This was primarily
due to the lack of an organized seed sec
tor. A sustainable seed activity will be
based on the following:

• concerted activity involving all
partner.> from breeder.> to end user.>;

• sufficient number of well-trained
connibutor.> at each level.

The above is valid for open pollinated
varieties but even more so for hybrids.

Training

Bruun

They need to learn the techniques of
hybrid variety selection. This includes pa
rental identification and maintenance as
well as hybrid seed production. A breeder
must be familiar with certification re
quirements fnr different types of seeds
(breeder, foundation. commercial).
Breeder.> in this region should aim at hy
brid seed production in collaboration with
fanner.>. Finally breeder.> must be able to

train other.>. who will eventually become
trainer.>.

T~ch,,;cUulS

In addition to niaJ management. tech
nicians must know the requirements for a
seed production field. recognize !be dif
ference between parents and hybrids.
off-types, and regulations for seed pr0

cessing; Technicians should be able to

train farmer.> in seed production.

As the backbone for a sustainable seed
activity. farmers must be able to produce
seeds that have the required qualities. For
this, they must: know the ctiteria for a
seed production field: distinguish be
tween parents. hybrids. and off-types:
know the needs for quality han·est and
storage.

179



A farmer that follows these rules will
produce quality seed and have a competi
tive price on it.

Suggested Process

Some countries have benefited from
collaboration between national, regional
and international organizations and
started a well functioning seed activity
(Nigeria, Niger, Burkina). These coun
tries have accumulated a wealth ofexperi
ence in the areas of hybrid synthesis, pa
rental identification and maintenance by
breeders, training farmers and technicians
in hybrid seed production. The region
should capitalize on these results and
make training possible for other coun
tries. There should be specific training
sessions for breeders, technicians, and
farmers.

There should also be regional training
in seed management (private enterprises,
cooperatives).
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Regional training should be organized
by various networks including the sor
ghum network (ROCARS) and the millet
network (ROCAFREMI) in West and
Central Africa, and the SMIP in East Af
nca.

References

ROCAFREMI workshop on the seed issue,
Niamey. Niger 26-29 August 1996.

Food Grain production in semi-arid Africa.
OAUlSTRC-SAFGRAD publication (Interna
tional Drought Symposium on Food Grain Pro
duction in the Semi-Arid Regions of
Sub-Saharian Africa. Nairobi, Kenya 19-23
1986).

Seminar-Workshop on the reviving ofsorghum re
search in West and Central Africa.
IERJICRISAT/INSAH. Bamako, Mali 21-25
Februarv 1994.

Strategic Pian of the West and Central Africa Sor
ghum Research Network, 1998-2003.
WCASRNIUSArD/INTSORMILlICRISATIC
lRAD. June 1998.

Reports of ROCAFREMI planning meetings.
1997.



Training for a Future Seed Industry in Niger

I. Kapran. D.S. Murty, and L.R. Honse

Introduction

The availability ofthe sorgbum hybrid.
NAD-l, and farmer interest in it has laid
the foundation for the establishment of a
seed industry in Niger. The interest in
seeds is not new 10 the region, and there
are some successful seed activities in the
countty, particularly with rice and vegela
ble seeds. However, the idea to develop a
seed industry in the private sector to ad
dress the issue of seeds for millions of
hectares has its O"'"ll uniqueness and re
quirements. There are many components
to consider in this effort: seed production.
processing, quality control, marketing,
credit and [mancial considerations. All
these aspects have theirO\m requirements
that must be met if they are to be effec
tively carried oul. For most of the people
who will be involved, these are new expe
riences, and the opportunity to gain these
experiences is complicated by the lack of
infrastructure in the country. Education
and training are the means of providing
opportunities to learn the necessary skills.

Background

To date, the effort to produce seed of
NAD-I in the private sector has met with
modest success and is encouraging. As
private producers really began 10 be in
v'olved. a training program was begun in
Niamey in 1997. This was followed by a
second training activity for interested
farmers, the staff of Office Nation et des
Amenagements Hydro-Agricoles
(ONAHA) working via the co-ops on the
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irrigated perimeters near Biroi
N'Konni.The focus of the one-day train
ing session was on seed production. and a
training manual was developed. This
training was appreciated. and its effec
tiveness was evident, especially during
the growing season.

In 1998, four similar training programs
were conducted near Niamey. Say, Bimi
N'Konni, and Maradi. Farmers and
INRAN slaffparticipated in these training
programs. In instances where the owner
was not the farmer, an effort was made to
include the farm managers. Again. the
training was well received and the de
mand for the training manual high. More
than 250 individuals benefited ftom this
training.

A few things have been learned to
strengthen the training:

• The training should not only coV'er
the processes. but also the reasons
behind those processes.

• The program should include more
training on crop management and
pest control. In the future an agron
arnis!' pathologist, and an entomol
ogist should participale in the train
ing,

• Training should nol only be in the
classroom. bUI should also be con
ducted in the field during the grow
ing season. These could be one-day
training events given at four or five
locations in order to reach many



fanners. Fanner training could take
place during the growing season.

• Training should be given in the 10
cal language. This was much appre
ciated by the participants who re
quested that the training manual be
translated into local languages, and
specifically Hausa.

• The training should lead to consid
erable discussion among farmers
who produce seed. This was the
case as they were able to contribute
from their experiences.

In the beginning, INRAN technicians
were able to assist producers on an indi
vidual basis; however, the number of in
dividuals involved now (and the fact that
they are spread across the southern por
tion ofthe country) makes it impossible to
deal individually with producers. As a re
sult, training becomes an important
means of interaction. Focus on hvbrid
seeds so far has been the identificati~n of
individuals interested in seed production
and the stabilization of production. The
training activity to date, therefore, has fo
cused only on considerations relevant to
seed production.

The Future

Several seed producers are already
commenting on the importance of seed
quality, which implies a capability to pro
cess seed with proper treatment, packag
ing, and quality control via a seed certifi
cation program and seed law. In 1997,7.5
tons ofNAD-1 was produced. It is antici
pated that this will increase in 1998 and
1999. The situation is expanding so that
reasonably soon these functions should
begin. Training will be important to effec
tively carry them out.
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It has been recognized for some time
that a training center would provide a fo
cus and a facility for a training activity.
The Lossa station, some 70 kilometers
West of Niamey, is a possible location
since it already has a seed processing unit.
The period of training would increase to
permit hands-on experience with process
ing as weII as greater exposure to crop
management and pest control. Training of
inspectors in seed certification and seed
law would also be important, requiring
exposure to production and processing
activities. Training for market develop
ment would be crucial as well. Having
consultants to help formulate these pro
grams and develop the training compo
nent would be very beneficial.

The training center should have a mod
est relevant library and include informa
tion on farming, irrigation, and seed pro
cessing equipment. This would contribute
to making the training center useful to es
tablished seed producers who are seeking
information.

INRAN is developing a seed unit, and a
strong training component should be part
of it. As the existing input expands, a
training officer will be required to man
age both the array of training topics and a
training facility. The training center could
not only serve Niger, but also other West
African countries.

Conclusion

Training in seed production has taken
place forthe past two years, and some 200
people have participated. A training man
ual has been developed. The training has
been well received with useful comments
for expanding topic coverage. Effective-



ness of training has been realized while
working with individuals in the field. The
number of individuals involved has in
creased to the point where training is the
most feasible--and. in some cases, the
only way to inleract with producers.

Looking to the future. there is need to
expand lJaining to include seed process
ing, quality control, and marketing. In ad
dition, there is a need 10 have a center
where relevant reference material is avail
able to any interested producer. Having
consultants can also help strengthen the
training base. It is proposed thai there be a
training center thai is regional in scope
and can be managed by a member of
[NRAN's Seed Unit.

Additional Thonghts on Training

Six training programs have now been
conducted in which approximately 200
people have participated. A training man
ual has been organized that is being ex
panded. The training bas been I or 1.5
days in duration and has been based on
follow-up observations in the field. How
ever, tbese observations bave also indi
cated shortfalls. primarily practical expe
rience in managing a seed crop.

For yeaIS, ICRISAT bas conducted a
six-month training program at its center,
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including training during a full crop sea
son. It is doubtful that many interested in
seed production in Niger can afford this
much time. If a training cenler is estab
lished, it would be possible to make se
quential sowings so that planting, seed
ling management (thinning, transplanl
ing, fertilization, weeding), cross
pollination lechniques, harvesting, and
seed processing could all be part of a
shorl-lerm training activily. In a
three-week training program. aspects of
crop management and seed processing
could be considered. There is a place for
the one-day course for those who cannol
afford 10 set aside more time. However.
during the off-season it may be possible to
more easily get people for a longer period
of time.

If this training opportunity would be
available. a reasonable assumption is to
have 15 people for the three-week period
and twenty for the one-day period. If
funding is sufficient, training could be
done twice (three-week program) and
three 10 five times (one-day program) an
nually.

To manage this level of activity. il
would be necessary to have a training of
ficer, and a budget would need 10 be de
veloped.



Rapporteur's Report

I. Kapran

Bases for Successful Hybrid Enterprises

Day 2 - Session 1

Presentations

Eight presentations were made cover
ing topics from seed production tech
niques to training needs and economics of
seed production.

Souley presented the field manage
ment and seed production techniques im
plemented for optimum production of
NAD-l seed in Niger. Specific instruc
tions were given to beginning seed pro
ducers, which they must follow closely if
they are to profit from this activity.

Sirifi discussed cultural practices ap
plied to hybrid sorghum. Results of agro
nomic trials showed a linear response of
yield with N fertilizer: an increase in yield
due to supplemental irrigation. NAD-l
responded better to N application and had
higher yields than the improved,
open-pollinated variety SEPON82 on
both sandy and heavy soils. Recommen
dations were presented for critical fertility
and supplemental irrigation levels.

Maunder discussed the importance of
seed processing and quality control, in
cluding need to produce the best possible
foundation seed while considering the
breeder's responsibility, harvest instruc
tions, and availability of units for seed
cleaning. Overall, a successful seed enter-
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prise is one with dependable seed supply,
acceptable quality/purity, and improved
cultivars.

Naroua's presentation of seed produc
tion on irrigated perimeters of Niger indi
cated that rice sced has been regularly
produced on 25 hectares since 1984, and
only recently they have started with hy
brid sorghum. Individual farmers and co
operatives contribute to a start-up fund
and decide on seed production and mar
keting procedures. To date, improved va
rieties (including SEPON82 and NAD-l)
occupy 12% of the irrigated perimeters.
Farmers' seed production yields varied
between 1.5 tlha and 2 tlha, with one
farmer producing 2.4 t/ha ofNAD-l seed.

Salifou described his experience with
seed production in the public sector: dur
ing the USA1D-funded Projet Cerealier
National du Niger. One major problem
was that demand was poorly assessed. As
a private producer, Salifou learned to
know the market well and sees the impor
tance of technical support. The presenter
recognized the need to continue with re
search, urged quality control, and favored
the training ofa select group of seed pro
ducers, who would constitute an elite
group of competitors.



Tahirou presented hypotheses on re
turns to fanners who grow hybrid variet
ies. He concluded that NAD-I can be
adopted. but he said there is need for good
agricultural policy if fanners are to bene
fit from their activity.

Yagoua stressed the urgency of re
gional training in seed production for
breeders. technicians. and fanners.

House described his experience in
Niger 1Nith fonnal training of technicians
and fanners in hybrid seed production and
strongly supponed its continuation.

Questions and Comments
Follo,,"ing tbe Presentations

Andrews (to Tabirou): What solution
do economists have for price fluctuation'

Tabirou: Economists do not necessar·
ily bave the solution. Possibilities include
price-fixing (although difficult 10 imple
ment in Niger). or improving value of
crops by use of new tecbnologies (eg.
couscous).

De Vries (to Salifou): Who are your
clients (wealthy or small fanners)?

Salifou: I was surprised that it was the
small fanners that came first to buy seed
ofNAD-I. I have also had NGOs. and de
velopment projects buy seed. Fanners
will buy seed: the price is not the biggest
Issue.

Jada (to Salifou): How much does it
cost to produce on one hectare?

Salifou: CFA 150.000 to 180.000 for
millet-but more for cowpea-and less
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for groundnuts. where yields are higher.
For NAD-I under irrigation. the cost was
CFA 380 per kilogram of seed produced.
It was later sold at CFA 750 per kilogram.

Ndoye (to Tabirou): Is there a possi
bility that the price ofmillet could e\'er be
as low as CFA 60 per kilogram under con
ditions ofhigher productivity (3 times to
day's yields)O

Tabirou: Yes. that would be the
long-tenn objective of technology adop
tion. However. in the beginning. rela
tively high prices are needed to suppon
the process.

Gupta (comment): For the adoption
of hybrids. we should also consider cur
rent fanning systems. In Nigeria and
Niger. the majority of the fanners grow
sorghum and millet together 
intercropped with either cowpea or
groundnut or both. There will alwa}"S be
volunteers in hybrid fields. There is a
need for education. FarmetS grow many
crops to minimize the risk. Hybrids
should be evaluated under intercropping
also.

Andre.ll (comment): I. To Tahirou:
For many years. the biological scientists
have produced good yield-producing
technologies (new varieties. hybrids. fer
tilizers. cultivators. etc). However. the
main blockade to their adoption is the
fluctuation and weakness of the cereal
grain market. The market economists
have kn01Nll of this problem for many
years. What is their solution' (Expanding
end-use possibilities is inleresting. but it
should not be considered the main solu
tion). 2. Reference 10 Gupta's comment
about Nigerian production systems: I am



sure (I have had some experience with
intercropping in Nigeria.) that improved
cereal genotypes ofany kind can be effec
tively used (perhaps more cost effec
tively) in intercropping. Perhaps some ad
justments need to be made (e.g., spacing),
but farmers are experts at making these
adjustments.

Obilana (comment): I believe there
are opportunities for the use ofhybrids of
sorghum in both the small-scale mixed
farming system (where sorghum and
pearl millet are cropped together with
groundnut and cowpeas) and the mono
culture farming and single cropping sys
tems in large-scale agriculture. These sit
uations exist in Nigeria. and are starting to
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appear in Niger. This observation com
bined the concerns ofS.C. Gupta andclar
ifications by D.J. Andrews on the
usefulness of hybrid sorghum by
small-scale farmers. However, the useful
ness and impact ofhybrid sorghum culti
vation will be better accomplished if the
hybrids target particular end uses (food,
feed, malt, or a combination of any of
these end uses). The hybrids should,
therefore, be developed and released with
particular and specific quality traits: for
productivity, high-milling quality, good
feedstock quality, or high diastatic power
(for good malting in brewing and malt
food/drink processing). Increased use and
production ofhybrid sorghums will result
in more cultivar-specific cultivation.
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Role of the Public and Private
Sectors in Seed Production

Ismael Mouddour

Introduction

Historically, modem seed production
in Niger was launched by the !'ational
Cereals Project in 1975 following the
1968-73 drought. The seed industJy is vir
tually unknown to businessmen in Niger,
for reasons that include the following:

seed and grain are not differentiated
by users ofone or the other;

• presently seed activity is not well
structured to attract investrnem;

• seed producers have no guarantee
for a market and price that is attrac
tive.

The Government of Niger thought of
initiating a seed industry by investing
heavily in one national seed farm and five
regional seed centers, designed to in
crease and distribute the best seeds from
research to farmers. Unfortunatelv the
cost of production of MI and M2~
was much higher than the sale price to
farmers. This system quickly showed its
limitations and was abandoned. The pub
lic sector was responsible at each step of
seed production. including research on
improved cultiv3fS, seed increase, seed
processing, packaging and storage, seed
marketing, training of technicians and
farmers, seed law and regulations. price
fixing. evaluation of needs and planning
seed increases. A small number of fann
ers (fanners-producers) located in the vi
cinity of seed centers were contracted to
produce but there was no real involve
ment of privatc investors. As suggested
above, private investors were not inter-

ested probably because seed had no
greater value than grain and the seed sec·
tor was not organized.

Rolt of the Private Sedor
in Seed Production

The idea ofa seed industry implies an
economic approach to seed production.
Therefore, as with any enterprise, seed
production must follow some guidelines
in order to be profitable and attractive 10

private investors. These include:

• who does what and what is the role
of the slate?

• what demand is there for seed?
• what quantity ofseed is available?
• what seed should be produced and

at what cost?
• what kind ofmarketing is appropri

ate?

The most important role of the pri"ate
sector is to be able to produce and sell "a
quality product at the right time in the
right place, in the right fonn and price~,

the consumer being the one deciding what
is 'right'. In tenns of seeds. right is that
seed produced by research that has the re
quired attributes. The private sector has
an important role here too in new varietal
research and funding to research centers.
In summary, in the current situation of
Niger, the private sector may haw a role
in:
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increasing seed of varieties pro
vided by research;

• seed marketing;
extension (demonstration plots).

Private seed producers should organize
themselves in a professional association
that could be the ideal partner of the pub
lic sector. (Editor's note: The private seed
producers in Niger did form a profes
sional seed association in early 1999.
INRAN will be an honorary member.)

Marketing of Vegetable
Seeds in Niger

In Niger, large-scale production of
vegetables followed the 1984 bad year for
cereal production. The idea was to com
plement food production and help canle
owners settle around water ponds after
they lost their animals to drought. With
time farmers became interested in vegeta
ble production especially since vegeta
bles had become a regular part ofthe diet.
Indeed professional vegetable producers
around large cities could now make a
good living from this activity. Onion pro
ducers are now able to export their prod
uct to other countries.

However, vegetable production is not
without problems, Chiefly in the produc
tion ofquality seeds. Farmers tend to keep
planting the same grain as seed leading to
the loss ofpurity. Since they were used to
free starter seed by the state or in some
cases from emergency relief programs.

The private sector is attempting to pro
vide quality seeds to vegetable growers
through companies like Agrimex which
was created in 1993. Agrimex has three
retail stores in Niamey, four in other cities
and a network of small retailers. This is
important because for vegetable market-
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ing, the seed store must be as near as pos
sible to vegetable growers.

Vegetable seeds are mostly imported
from Europe; however there is also local
production for some crops including on
ions and amaranth.

Role of the Public Sector

The experience of the National Cereals
Project indicated that cost of production
was too high for seed production in
state-owned farms. The public sector
should pull out to allow the emergence of
the private sector. The role of the public
sector would be as follows:

• abquality control and setting up
rules for seed production and pro
cessing. There is no efficient pro
duction system without quality con
trol. Since control will differentiate
the good from the bad, this will cre
ate a momentum for production of
quality seeds.
Role oflNRAN. As a public sector
agency involved in genetic im
provement of crops, the Institute
will have important activities in
cluding development ofnew variet
ies with superior performance in
comparison with farmers' varieties;
production of breeder seed;
germplasm conservation; develop
ment and distribution of materials
describing the various varieties,
Security stocks. The public sector
could set up seed security stocks so
that in bad years farmer producers
could rely on ir as their source of
seed. In turn they will increase the
seed to covernational needs the fol
lowing year.



Constraints and Suggested Solutions
in the West African Seed Sector

A.Joshua

Introduction

Generally, though there have been
many attempts by the public sector.; or
parastatal bodies, supply of improved
seeds has been inadequate and unsus
tained in the Economic Community of
West African States (ECOWASI region.
The ECOWAS region is composed of the
following states: Benin, Burkina Faso.
Cape Verde, Cote d'Ivoire, The Gambia,
Ghana, Guinea, Guinea-Bissau, Liberia.
Mali, Mauritania, Niger, Nigeria, Sene
gal, Sierra Leone, and Togo. Government
regulations, subsidies and seed pricing
controls have inhibited emergence of the
private seed sector.

Additionally government breeding and
variety testing programs have been poorly
funded, and farmer.; have not been in
volved in variety/hybrid development.
Releases have been slow and seed avail
ability and quality have been low. The
source of most of the improved varieties
has been the /ARCs.

In many countries there is neither a Na
tional Seed Policy or a coordinated seed
system, so there are no clear certification
procedures, or independent certification
agencies. and no funds for quality control.
Finally there is an acute shortage of
trained seedsmen.

The public sector and parastatal orga
nizations have failed to provide quality
seeds to Farmers. The private sector can
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do this (as it has done elsewhere) but for
seed enterprises to be commercially suc
cessfully, a change in government ani
tude and legislation is needed to allow the
private sector to operate profitably.

Governments have generally not real
ized that the best service they can do for
farmer.; is to foster the private sector to
pro~;de the farming community ,.;th in
puts that make farming profitable - not
only quality seeds, but fertilizer.; and
agrochemicals. Concerns are often cited
about exploitation of farmers - but the
principal goal ofa private seed company
(or a self-financing parastatal institution)
is sustainability, and this can only be
achieved by pro~ding farmer.; ",;th seeds
that are profitable for them. Farmers are
the ultimate judges of seed companies.
and only those that satisfy them are suc
cessful.

General Constraints or Improved
Seed Producdon and Markcting In tile
ECOWAS/Central African Countries

• Limited funding for seed improve
ment programs.

• Inadequate infrastructures.
• Insufficient focus on breeder seed

production
• Insufficienl trained staff for seed

production.
• Insufficient focus on seed improved

seeds in general.
• Limited fund allocation for the seed

sub-sector.



Even bilateral projects have limited
legal status for commercial opera
tions.
Non-existence or not functional
National seed committee.

• Lack ofinformation on seed needs.
• Cumbersome procedures/non-exis

tent variety release procedures.
Inadequate equipments for produc
tion and storage.
Inadequate facilities for commer
cial-oriented seed production and
marketing.
Rigid/cumbersomc roles with a
number of phytosanitary opera
tions.
End users of seeds are re
source-poor, rural based farmers.

• Insufficient trained staff for effec
tive supervision of public sector
seed programs.
Delayed and limited traveling and
operational funding for field seed
activities.

• Difficult and lack of capital and
credit facilities at high rates.

• Difficult situations to guarantee
loan acquisition.

• Limited seed retail outlets and weak
development of seed distribution.

• Inadequate availability of breeder
and foundation seed for certified
seed production.

• Current low profitability and re
turns to private seed investment.

• Limited fundlcredit/awareness/in
volvement of public firms in seed
trade.

Constraints to Private Sector Partici
pation In ECOWAS Seed System

• Governments and International De
velopment Agencies (IDA) view
profits of private firms with suspi-
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cion. (Although IDA concepts are
changing).

Market is often too small to attract
sufficient private investment.
Inputs (fertilizers/herbicides/seed
treatment/bags) are often in sort
supply.
Facilities and equipments for seed
treatment are limited in local mar
kets.
Marketing and input delivery sys
tems are often in Government con
trol.
In many cases, poor hybrid seed
adoption is due to poor extension.

• Plant breeders rights legislation ei
ther docs not exist or is poorly en
forced.
Many regulations and cumbersome
process on importing or exporting
seed.
Major problem of emerging seed
industry - Lack of development
seed policies and seed rules.
Lack of organization like National
seed council/State seed coordinat
ing committees.

Suggested Activities to Support
Regional Seed Program Development

Regional Seed Networking

Proposed Activitiesfor Regiollal
Seed Network

• Regional seed newsletter.
Regional seed director.

• Catalogue of National sced stan
dards.

• Data base on morphological variety
descriptions.
Vital current technical seed tech
nology information.
Develop and compliment Univer
sity M.Sc. seed technology courses.



o Training courses outlined.

Regional Variety Network

o Regional variety evaluation.
o Regional seed security.
o Regional variety catalogue.

Regional Seed Standards

o Standard seed rules and regulations
and standards (AUSCA. IITA).

o Uniform variety registration/re
lease/certification procedures.

o Regional variety data collection
andinformation - IITAlICRlSAT!
WARDA.

o Ensure barriers to seed movement
between ECOWAS region mem
bers.

o Standard see policy.
o Regional plant quarantine service

and procedures.
o Seed trade liberalization and seed

trade promotion.

Regianal Seed System
Ana(lsis/Research

o Cost/benefits of seed produc
tio~marketin2and use.

o Institutional a"iJd management pol
icy studies.

o Presentation and discussions of
model National seed policy: Na
tional seed legislation: model stan
dards and marketing network.

o Social and environmemal policy
and environment studies.

o Inter-play between seed science
technology and policy economics.
What options can take in privatiza
tion.

o What options can lake in seed secu
rity for the country region.
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o Who should pay for the economics
ofstructured adjustmem changes.

o Studies on existing seed produc
tion/processing/marketing distri
bution system.

o Region;1 regulation for establish
ment ofauthentic private seed com
panies.

Suggested Cooperative Activities iJl
tbe West Africa/Central Afrial
Sub-region ..itb Regard to Seed
Production and \Iarketing

Strellgthellillg SaJiOllrU Seed S\'SI_S

Alld RegiollrU~ed Cellters .

o Develop National seed systems ca
pacities and regional seed centers.

o Encourage regional seed trade.
o Use of private seed companies for

seed production.
o Adoption of cost-conscious.

cost-effective. cost-recovery policy
by public sector seed agencies.

o National Agricultural Research
Systems (NARS)

o Coordination of National varietv
trials. .

o Coordinate variety trials (public
and private developed) lines.

o Facilitation of National varietv re-
lease mechanism. -

o Ensure adequate production of
breeder seeds for National seed sys
tem

fllternaJiollrU AgriCIIltllre Resun:h
Cellters (fARCs)

o Enhance availability of greater
breeder seed production.
Continuous developmem of supe
rior improved varieties.



Increase availability of useful ge
netic lines within the West Am
can/CA Regions.

National Variety Release Mechanism
(NVRM)

Timely variety registration and re
lease based on performance data.

• Develop network between National
variety release mechanism and re
gional seed trade.

Private Seed Companies (PSG)

• Provide best-produced, best
priced, best-quality seeds.

• Develop vibrant effective market
ing network.
Assist in production of foundation
seed of publicly bred seeds for
NARS and IARCs.

• Use wholesales/seed distribu
tors/seed producer/sellers.

• National Seed Development Orga
nization
Coordination of National seed ef
forts.

• Promotion of seed industry devel
opment.

• Ensuring cost-recovery, pricing
policy by public sector agencies.

• Develop National seed quality con
trol agency.
Effective National seed policy.

Phytosanitary Regulations

• Test and issue phytosanitary certifi
cates.

• Clarify requirements for re
gionallinternational seed trade.
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Seed Importers/Exporters

Trade in truthfully labeled commer
cial and certified seeds.
Facilitate export seed trade process.

• Enter seed business and promote
use of quality seeds.

MANRIGovernment

Establishment of National seed
council.

• Support National seed program de
velopment.

• Regulatory Barriers to Regional
Seed Trade
Summarized (Table 1.)

National Seed Council

Provide forum for seed stake
holders participation.

• Develop seed sub-sector policy.
Coordinate National seed activities.
Enact National seed legislation and
provide guidelines for see industry
development.

National Seed Growers Association

Link marketerslNational seed asso
ciations/regional seed associa
tion/stakeholders.

• Forum for meeting of formal and
informal seed systems.
Provide meeting forum for regional
seed trade development in West Af
rica/CA.
Enable effective dissemination and
exchange of seed information tech
nology.
Improve economics of seed distri
bution.
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Go"""",e,,tlUNINGO Age"cies (Re
gio"al Seed CelflNs)

• Develop programs to strengthen
National and Regional seed supply
systems.
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• Enhance regional seed produc
tion'marlr.eting network.

• Analyze seed demand and seed
production potentials in selected
countries.



• Enhance development and dissemi
nation of seed professional knowl
edge.
Support regional seed center and
training activities for more
seedsmen.
Estimate potential, effective and
actual seed demands.

• Assistance on overcoming seed
production/marketing data con
straints.

• Carry out needed research on seed
technology on ECOWAS crop
seeds.

• Ease barriers to seed trade and seed
movement in the Region.

• Sensitize National and Regional
programs to support adequate im
proved seed supply.

• Develop Inter-regional program for
security stock of foundation seed.

• Strengthen base seed and founda
tion seed production at National
and International Research Centers.

• Promotion of certified improved
seed production and marketing sys
tem.

• Analyze country seed demand/sup
ply - crop-wise and variety-wise.
Strengthen information collection
and dissemination (Training/
Newsletters).

Roles ofInternational Research Cen
ters

• Continuous development of supe
rior improved varieties.
Support integration of regional and
national variety trials and release.

• Make more breeder and foundation
see production available.
Accept promising entries from pri
vate seed companies into Interna
tional trials.
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• Increase availability of useful ge
netic times within the WA/CA re
gIon.

• Collate existing seed produc
tion/regional seed trade data/make
known to states.

Donor Agencies

• Sensitize governments on impor
tance of effective National seed
systems.
Prepare draft seed policy/seed leg
islation/seed rules and regulations
for modifications.

• Highlight measures for easing bar
rier to regional seed trade/supply
systems.

Key Issues for Strengthening West
African and Central African Seed
Systems

Vital Areas where Improvements and
Interventions are Needed Can be Sum
marized as Follows

• Development of appropriate seed
policies and regulations.

• Improving dissemination of infor
mation on available improved
seeds.

• Sufficient emphasis on timely vari
ety release, breeder and foundation
seed production.
Strengthening seed marketing net
work for farmers as and when
needed.
Estimation of potential, effective
and actual seed demand and feed
back.
To better understand and incorpo
rate farmers needs and priorities
into research activities.



Appropriate researcb prioritiesire
search/extension/fanner participa
tory breeding for needed seeds.
Timely variety testing/release and
process ofnation seed centers.
Improved seed campaigns coupled
with training for different catego
ries of seedsmensistakebolders.

o Improving seed production skills at
fann levels/seed processing quality
control development.

o Strengthening National seed sys
tems.

o Promoting privatization and com
mercialization (cost recovery) of
both public and private sector at
National seed system for
sustainability and quality seed
trade.

o Use seed price support program by
government for both public and pri
vate sector cost-recovery produced
seeds to promote improved seed
adoptions. for some short period.

• Strengthening regional seed rrade
and easing barriers to seed move
ment in region.

o Provide potential list ofuseful pro
jects for support by donor agencies.

• Private finns to have sole rights to
materials they develop.

• Privale firms wben viable 10 pro
vide increment support and private
funded cooperation program for
public section applied seed research
programs and seed developmental
activities.

o Institutional roles and responsibili
ties.
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Global Classification of T)-pe5 of Seed
ProductionfMarketing Enterprises

JlGriny MllinlelfGIIU tUUI Breetin SNd
ProdllctiOlf

Public Sec/or

o Breeding lines given to private
companies.
Released varieties multiplied by
foundation seed organization and
sold to seed producers.

o Foundation seeds sold to seed pr0
ducers.

Pri\'Qle Sector

o Company controls all steps of ini
tial seed increases.

o Control either on own land or very
closely supen'ised contract gro".
ers.

Public Sector

• Ideally none.

Private Sector

• Contract seed producer - formal
contract made between seed pr0
ducer and company.

o Most seeds produced for commer
cialization is produced under con
tract.

o Independent seed producer - seed
produced certified'not certified.

• The fanner takes the risk for pro
duction and marketing.

o Production on company land 
some companies make their land
available and contract with fanner.;
to increase production.



• Farmer-saved seeds - Among
self-pollinated species.

Seed Processing

Public Sector

• Limited to foundation seed organi
zations.

Private Sector

• Company owned facilities are used
only for conditioning "company"
seed.

• Company owned facilities which
are used to condition "contracted"
seed/or provide customer seed
cleaning services.
Custom cleaners - stationary or
mobile cleaners that move from
farm to farm cleaning seed for
shelling, etc.

Classes ofSeed Production and Mar
keting Agencies

Producer/Retailer

• Typically small organizations
where the seed company produces
and conditions seed of two or three
species and may retail seed ofother
crops purchased from other compa
nies.

Producer/Wholesaler

• Primarily restricted to companies
which operate on a National and/or
International basis. Seed are pro
duced under contract and sold to
wholesalers after conditioning.
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Producer/Wholesaler/Retailer

Most frequent system encountered.
Organization contracts for large
volume of seeds for wholesaler
and/or retail seed dealers.

• Will also provide retail sales to lo
cal farmers + other inputs. The
wholesaler also sells seed to other
wholesalers or retailers in several
states. Some organization may have
several operational sites.

Wholesaler

• These are companies which pur
chase processed seeds. Sell primar
ily to retail seed stores and some
other wholesalers. Generally their
operations cover a multi-state re
gion.

Retail Only

The greatest number of retail
"seed" stores handle all kinds of
seeds and other inputs. Retail stores
mayor may not be affiliated with a
wholesale company.

Enabling Actions for Strengthening
and Coordinating Both the Formal
and Informal Seed Systems

Enabling Actions

Crop Research

Develop a timely system for the re
lease and introduction of new vari
eties.

• Provide descriptive agronomic fea
tures of released varieties.

• Have concern for who multiplies
the seed and make available to
farmers.



• Provide data from regional trials,
which cultivaJ'S are most suited for
each country.

• Provide cooperation for partnership
between research and private sec
lor.

Foundation Seed Neededfor National
Seed Production System

• A consistent supply ofbasic seed is
essential.

• National foundation seed produc
tion agency and reliable privale
seed companies should provide the
commercial seed seclor of continu
ous supply ofhigh quality seeds for
commercial seed production.

ImprOl'ed Seed Production and Mar
keting

• Need to provide answers 10 who
grows, process and sells seeds.

• Put increasing emphasis on devel
oping private seed growers, enler
prises seed producer/sellers.

• Policies that encourage Ihe dy
namic development ofprivate com
mercial seed industry.

Promoting Growth and Development
of Primte Seed Enterprises Producers!
Sellers

• Favorable credit for capital invest
ment.

• Good credit to seed producers/mar
keters/farmers.
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• Leasing/availability of IUI1II public
rural agriculture input sales outlets
to private sector.

• Custom seed processing.
• Active improved seed campaigns,

demonstration plots/MTP 'Field
Days on economic benefits of im
proved seed.

• Import privileges.
• Strengthening for effective, reliable

quality seed control.
• Encouragement through availabil-

ity of basic seed production.
• Good technical support.
• Good National seed policy.
• Proper funding for the seed sector.

Qua/in' Control

• Need enabling actions for improv
ing quality ofseeds in seed trade of
both formal and informal seed sys
tem.

• How the quality of seed saved by
the farmer can be improved.

• Seed associalion to push for entire
seed sector to be of higher quality.

• Internal quality control scheme to
be integral part of the formal seed
sector seed companies:emerprises.

• Good cooperation and adherence 10

the laid doV\'lI guidelines for seed
certification.

• There are al leasllWo (2) types of
exleroal quality control programs:

• Seed certification and Quality Con
trol at marketing.

• Quality declared quality seed pro
graro developed by FA01.;"'I;'DP.



Role of the Government of Niger in
the Initiation of a Seed Industry

Paul Buckner

Background

Niger is currently going through nu
merous institutional changes including
economic liberalization, government
pullout of production, democratization
and decentralization.

Agriculture still remains an important
contributor to rural economy. Despite its
lower impact on the country's gross in
come (66% in 1960 vs. 41 % in 1995), ag
ricultural improvement has been accepted
as the engine ofthe national economy un
der the Economic Renewal Program.

Cereal crops are the most prevalent un
der dryland agriculture, occupying three
fourth of the total agricultural land. Over
the past ten years (1987-1995), the culti
vated area under millet went from 3 mil
lion hectares to 5.2 million, and that for
sorghum from 1.3 to 1.9 million. Yields
are generally variable and have declined
in the same period. The average millet
yield is 390 kg/ha and that for sorghum is
190 kg/ha. Overall agricultural produc
tion is variable, from 1.37 to 2.4 million
tons between 1987 and 1997; still there is
a slight 1.4% increase in production for
millet and sorgbum.

The most critical reasons for a lower
productivity are:

• Low soil fertility and mono-crop
ping;
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• Unfavorable agronomic and clima
tic environments (periodic drought,
parasites, soil erosion, abusive use
of the soil;

• Poor economic environment due to
poverty (per capita income has de
creased by 33% between 1960 and
1990 and is currently CFA 8,000);
Extensive genetic heterogeneity of
the material grown by farmers due
to the use of poor quality grain as
seed.

The use of improved seeds is indis
pensable for intensive agriculture to in
crease and stabilize production and food
security. Indeed improved seeds allow a
better valorization of other agricultural
inputs.

Current Status of the Seed Sector

There are two important institutional
components:

I) The public sector which is responsi
ble for research, seed multiplication, leg
islation, and extension. In this context a
National Seed Committee supervises
inter-ministerial and inter-professional
activities aimed at advising the govern
ment on issues pertaining to seed activi
ties. So far the committee has essentially
dealt with price fixation, and at the local
level, it has promoted planning and coor
dination of activities. A National Seed



Service was created in 1985 but was re
placed in 1990 with an office in charge of
inputs. control. processing. and agricul
turallegislation. There is presently no ag
ricultural legislation enforced. The 1990
government decree (No. 9055 PRN
MAG/EL) dealt with the requirements for
seed production. processing. and quality
control. but it was not implemented. Seed
activity is only protected by phytosanitary
regulations. A research organization. the
Institut National de Recherche
Agronomique (!NRAN) is in charge of
crop improvement as well as production
of breeder seed. Regional and local ex
tension offices provide training. exten
sion and diffusion of technologies.

2) The private sector deals with com
mercial seed production and marketing.

The above role distribution was opera
tional between 1976 and 1989 under the
Cereals Project. The public sector be
came a lone actor after 1989 while the
economic situation was deteriorating.
Seed centers were assigned to local com
munity governments. and seed increased
in part by farmer producers and a few in
dividuals. Seed production in the private
sector is still emerging. being conducted
by a few farmers in the vicinity of seed
centers and a few private producers.

What Role Government Can Play' in
Initiating Seed Enterprises?

In July 1997 a government act defined
sectorial policies under the Economic Re
newal Program. This program includes
the .strategic principles for rural develop
ment' that were developed in ordinance
no. 92-030 of July 8. 1992. The policy
goals are food security. intensive agricul-
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lUre. grassroot organizations and partici
pation. and a new role for the State. The
Economic Renewal Program emphasizes
the role and value of the private sector in
cluding indiv;dual businessmen and c0

operatives on one hand. and a reinforce
ment ofeconomic ties among private en
trepreneurs on the other hand.

In terms ofseed activities. the strategy
is to facilitate the emergence of profes
sionals in seed production and marketing.
The state would have a role in defining na
tional policies. in research. in supporting
and advising different partners. in quality
control. in defining and controlling seed
legislation. This role may be imple
mented at three different lewIs:

Coordination

The current policy aims al a progres
sive withdrawal ofthe slate from seed ac
tivity and its gradual replacement ,,;th the
private sector. The state ,,;11 remain as a
regulator. producer. and lawmaker.

For a successful seed production. the
different regions should make their own
decisions and plan their acti\;ties. On the
national level. il will be responsible only
for general orientations. Howe\'er breed
ing and production ofbreederand founda
tion seed ,,;11 remain in the public seclor.
Certified seed will be produced by farmer
groups with technical support from ap
propriate government agencies. The gO\'
ernment role may be summarized as:

• farmer support by extension agents;
• breeder seed from research agen

cies;
• an economic environment leading

to opponunities for credit to seed



producers and other input suppliers;

• more dynamic regional seed com
mittees.

Marketing of improved seed should be
left to farmer organizations and private
producers in different zones. Govern
ment will help through:

promoting liberal pricing;
• circulating the information on price

of commodities;
supporting cooperative;
improving techniques for process
ing and storage;
initiating banking and credit orga
nizations to facilitate activities of
private entrepreneurs.

Training and Information Exchange

Tthrough its own agencies and devel
opment partners, the government will:

train in seed production techniques;
• inform producers and farmers on is

sues relevant to improved seeds;
• demonstrate improved varieties

through extension programs.
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Quality Control

This is a critical aspect and government
has a key role to play;

• prepare a seed law;
• create a variety release committee;

manage genetic resources.

Perspectives

The overall strategy would anticipate a
national seed program to organize all the
partners, define the objectives, and decide
on specific programs and projects. This
strategy is not functional at this point, so
presently only a minimum level of funds
are provided by the state and local gov
ernments to support seed activity.

A project for promotion of improved
seeds has been submitted to the European
Union under the Sth FED for ECU2,
20S,IOS. The main objective of this pro
ject aims at ensuring food security
through a realistic approach to seed man
agement, involving the private sector
through organized groups, along with
other partners including institutes, devel
opment projects, and NGOs.

•



CreditILoanslBanks Serving
Rural Users in India

Dr. Kuldip R. Chopra and Dr. Rakesh Chopra

I Introduction

India is a vast country with varying
agro-c1imatic conditions, tenancy laws
and land holdings ranging from 0.4 ha
(marginal) to 17.33 ha (large) with an av
erage of 1.57 ha per family. Only 33% of
the cultivated land is irrigated.

Agriculture is the mainstay ofthe econ
omy. About 76 percent of the estimated
900 millions inhabitants lives in rura1 ar
eas. About 60 percent of the total popula
lIon IS dIrectly dependent on agriculture.
The share ofagriculture in the net domes
tic product was about 32 percent in
1990-91 and is projected to decline to
about 25 percent by the year 2000. Small
and marginal farmers and high population
densIty characterize Indian agriculture. In
a good agricultural year, food is adequale
in relation to effective demand. price re
mains stable, agro business and industries
lookup, employment improves and rural
poverty recedes somewhat.

The main constraints to increase agri
cultural productivity are the convenient
availability of rural credit on time, in
needed amounts and at reasonable interest
rates and the declining size of farms re
sulting from the continuous process of
subdivision ofholdings. overexploitation
of water in green revolution areas where
by rotation paddy and wheat are grown
year after year, and the energy cOnStrainl
persisting as a critical factor in spile of
large public investment. These con-
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strainls operate more severely in underde
veloped regions than i~ the more
deYeloped regions of the country.

Rural credit in India has been an area of
policy interventions for nearlY fh'e de
cades (since the country's indePeooence I.
Policy objecth'es were:

• To institutionalize credit:
• To enlarge its coverage:
• To ensure pro\~sion of timely and

adequate finance 10 as large a seg
ment of rural population as possi
ble; and

• To achieve an anticipated growth
rate in agricultural production and
rural employment.

The Indian rural credit system. as it has
emerged. is a product of both <:\'olution
and intervention. Until the late sixties.
policy interventions in the area of rural
credit were mostly confined to coopera
tives, which were considered as most suit
able this work. However. the "All India
Rural Credit Review Cornminee" pointed
out that. despite all suppon extended. c0

operatives had begun to exhibit SC\'era!

weaknesses in the form of overdues and
organizational ineffectiveness. and are
not geared for meeting the gro"mg needs
ofthe fast emerging technology and inn0
vations relating to production. processing
and marketing in the agricultural sector.
With the nationalization of major com
mercial banks in 1%9 and introduction of
regional rural banks (RRBl in 1975.



branch banking in the rural areas acquired
a new momentum. The outreach of the
commercial banking system was consid
erably enlarged within a relatively short
period of time, resulting in certain real
gains such as:

• Broadening of the rural infrastruc
ture for credit delivery;

• Increase in outreach;
Reduction in the influence of infor
mal segments; and

• Substantially stepped-up credit
flow for agriculture and allied ac
tivities.

However, on the debit side, quality of
service suffered, overdues increased re-,
payment ethics was diluted, and profit
ability and viability of the institutional
structure was seriously eroded.

Present Situation

Rural users in India have access to
credit through either an organized or for
mal segment, which functions within pro
vision ofthe 1956 "Indian Banking Com
panies Act", or an unorganized or infor
mal segment, which operates outside this
Act.

Organized or Formal Segment

The formal segment is organized as
follows:

At the Top

• Reserve Bank of India (RBI)
• National Bank for Agriculture and

Rural Development (NABARD)
• Industrial Development Bank ofln

dia (IDBI)

204

Middle Tier

Public and private Sector Commer
cial Banks
Regional Rural Banks (RRBs)
Land Development Banks (LDBs)
State Cooperative Banks (SCBs)
Central Cooperative Banks (CCBs)

Third Tier (in direct contact with rural
users)

Primary Agricultural Credit Soci
eties (PACS)

• Central Banks and State Govern
ments mostly for subsidized credit
Commercial Banks Rural
Branches; and

• Regional Rural Bank Branches

RBI is responsible for overall mone
tary policy and provides accommodation
to NABARD and IDBI for agriculture and
rural industries respectively. These insti
tutions in tum provide refinance to the af
filiated commercial banks, including
RRBs, SCBs and State Land Develop
ment Banks (SLDBs). The refinance from
NABARD is distributed to rural entrepre
neurs through two andlor three tier coop
erative structure respectively for long,
short and medium term lending. How
ever, in case of commercial banks and
RRBs, the refinance flows directly to the
users. Subsidized credit flows from State
Governments through their district or
block offices orthe lead bank in the area.

Despite an appropriate and
well-funded structure and support from
policy interventions, the formal segment
shared about 65 percent ofthe rural credit
market in 1996. Likely reasons for failure



to cover 90 percent or more of the market
are:

• Political interventions especially
when borrowing from cooperative
banks:

• Delays in disbursement of loan in
stallments:

• Previous overdues making the bor
rower ineligible:

• Cumbersome and bureaucratic loan
processing procedures.

As a result, small and marginal farmers
fail to benefit from institutional credit.

UnorgGnized or InformGIS~ent

The share of the informal segment in
the total rural debt even today is estimated
at about 35 percent. The unorganized sec
tor consists of:

• Professional Money Lenders: their
primary business is rural financing.

• Nonprofessional Money Lenders:
casually involved in financing. they
focus on other rural busines;;es.

• Indigenous Banks: native or re
gional private hanks.

• Mercbants: they provide seeds. pes
ticides, fertilizers and farm equip
ment on credit.

• NlOHlS: Hundi instrument lener
for loan

o Chit funds: a voucher of collective
fund that could be utilized by any
member of fund as and when. re
quired.

o Landlords or large-scale farmers:
they own large land holding and fi
nance their tenant farmers only.

o Friends and relatives: they offer
short-term loans.

205

Informal segment continues to domi
nate the rural credit scene primarily be
cause its lenders combine money lending
to another rural economic activity. e.g,
grocery store. agro-product processing.
poultry. etc,. in order to ensure
sustainability of their 0"" business. Fur
thermnre. their loan operations are quile
flexible in limits. end use of loan. reeo",
ery schedule. repayment in cash or kind
and thus are more geared 10 meeting the
needs of borrowers. Records are simple
and nol subject 10 audit. Finally. these ca
sual lenders have the advantages of per
sonal contact. secreey of loan and lerms
and bener relations"ith the users.

District Credit Phm

The efficiency ofcredil depends on the
quality of integration belween in
fra-structural facilities. technological in
novation, research and extension support.
Such linkages were generally weak be
cause different agencies tend 10 operate in
a compartmentalized fashion with field
level interaction being minimal. There
was. thus. a need 10 strengthen such link
ages through a positive effort at the ,'ari
ous fora available at the disniet level. The
Lead bank concept was. therefore. started
for each service area, The Lead bank is ei
ther a cooperative. or a Regional Rural
Bank (RRBl or a commercial bank. It acts
as a consortium leader for coordinating
the efforts of all credit institurions in the
disnict granting credit for the pwposes of
branch expansion and meeting credit
needs of the rural economy. Credit plan
ning for a ,'illage or for that maner any
area, is more meaningful if all the credil
and development agencies in the area ef
fecti"ely coalesce in the preparation of
the credit plan and each agency is given a



task to perform in its implementation. It is
necessary to have better collaboration be
tween bankers and development planners
in this effort. To tone up the quality ofru
rallending, RBI from April 1989 initiated
a new approach known as "service area
approach".

The crucial element of the "service
area approach" is the interaction of each
bank branch's credit plan with the "Dis
trict Credit Plan", taking in account the fi
nancial support and infra-structural facili
ties available in the area. Recently the
"service area approach" has been modi
fied into a development linked credit
plan.

Rural Credit Segmentation

Under the present arrangement, agri
cultural credit for all purposes relating to
agricultural production and activities al
lied to agriculture, whether of short, me
dium or long duration, is provided by an
extensive network ofcooperatives and/or
designated "service area" of commercial
hanks or Regional Rural Bank (RRBs)
branches in the rural and semi urban ar
eas.

On Farm Production Credit

Crop production requirements of the
on farm sector are met through:

loans granted on a crop,
o cash credit granted on a crop
o overdraft facilities granted on a

crop
o variations of the agricultural credit

card system.
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RBI from time to time issues guide
lines on the crop loan system. Appropri
ates scales of finance for each crop are
fixed by the field workers in consultation
with agricultural experts of the lead bank
of the district, for both cash credit and in
put credit. Inputs are sometimes supplied
in kind. These scales vary for irrigated or
non-irrigated cultivation and according to
the level of development of the area (de
veloped versus non developed).

Investment Credit

Investment credit needs are met
through various "product specific"
schemes, i.e.. the loan is specific to the ac
tivity. It is usually sanctioned on the eco
nomics ofthe activity and the asset/liabil
ity and income/expenditure pattern of the
borrowers. Investment loans are available
for:

o land development;
farm mechanization

o minor irrigation such as digging a
well/tube well;

o production and processing ofseeds;
o horticulture and plantations;

post harvest operations;
o construction of cold storage;
o farm forestry; or

setting up a biogas plant, etc.

While production loan requirements
are recurring in nature, farmers ordinarily
do not make investments on above prod
ucts on an annual basis, hence depending
on the activity, term loan periods range
between 3-9 ans. Before extending credit
facility, bankers make comprehensive as
sessment of the regions cropping pattern
and the likely production income. They



also take into account the borrower's pas
repayment record.

Scflles ofFillQllce

The credit limit fixed for production
credit is generally much less than the ac
tual cultivation costs and expected reve
nue. For example. the cultivation costs for
grain sorghum under irrigated and rainfed
conditions following recommended culti
vation packages are approximately lNR
2.570 and INR 1.740 per acre respec
tively. Similarly for pearl millet. they
amount respectively to fNR 1.965 and
lNR 1.445. However. the banks have
fixed a uniform production credit limit of
lNR 1,200 for grain sorghum and INR
900 for pearl mil per acre irrespective of
irrigated or rainfed conditions. On ac
count ofthe large di fference on the actual
expenditure to be incurred and the limits
fixed by banks. farmers are compelled to
borrow from the non-organized sector at
very high rates. The seed companies ar
range production credit for their contract
sorghum and pearl millet seed multipliers
under a group warranty scheme. They
provide cross guarantee to the lead bank
ofthat area, on behalfofall contract mul
tipliers.to first pay the principal and iDler
est amount of all accounts (borrowers)
from their seed income and pay the bal
ance to each multiplier. Banks prefer this
system as it ensures almost 100 percent
loan recovery and the user gets timely. ad
equate and convenient availability of
credit at a prevailing subsidized rate ofin
terest.

The rural non-farm sector covers ap
proximately 16% ofthe country's popula-

2Q7

tion. Despite a significant expansion in
the flow of credit to the agricultural sec
tor. there is a perception that im'estrnent
in agriculture, particularly non-farm in
vestment. has not kept pace "ith demand.
It is believed that the greatest stimulant
for the growth of the non-agricultural
economy in the rural areas is sustained ag
ricultural growth. Apart from agriculture.
the primary activities that serve as an im
ponaDl basis for the non-farm sector
(NFS) livelihood include livestock rear
ing. fisheries. forestry and mining.

Rural households generally pursue a
number ofactivities both agricultural and
non-agricultural for supplementing their
cash flow. These acti\ities w'hich include
small scale trading. agro-based micro in
dustries,local transport. etc.. ha\'e modest
working capital requirements and lend
themselves admirably to bank finance.
Therefore. rural banks design specific
loan products for this sector to provide
shon-term loans up to 3 months "ith
weakly or fonnightly repayment of inter
est/principal installments. Borrowers' re
quirements are reassessed at frequent in
tervals and repeat loans of increasingly
higher amounts for longer periods are of
fered. There are built-in incentives of in
terest rebate in case of prompt payment.
Credit to non-farm sector has a high turn

over on account of rapid recycling of
funds leading to increase in credit flow.

The problems faced by the poor in
dealing with formal rural financial institu
tions are many. The factors that constrain
the capacity of the poor to borrow from
the organized credit institutions have
been:



lack of skills;
• ignorance of economic opportuni

ties; and
their inability to comply with the
procedural requirements.

State governments have encouraged
formation of "Self Help Groups" (SHGs)
by "Non-Governmental Organizations
(NGOs) to perform intermediary func
tions between SHGs and the financial in
stitutions. Reserve Bank of India (RBI)
has advised rural lending institutions to
consider SHGs needs as their regular
lending operations. Banks lend to SHGs
who in tum lend to their members. Alter
natively banks work through NGOs,
which provide credit to SHGs to be
passed on to their members. SHGs, espe
cially those formed by rural women have
been very aggressive and successful.

The main advantage to banks is exter
nalization of a part of the work of the
credit cycle such as:

• assessment of credit needs;
• appraisal, disbursal, supervision,

repayment;
reduction in paper work involved,
hence consequent reduction in the
transaction cost; and

• recovery of about 95 percent dues.

Hi-tech Credit Needs of the Rural
Sector

To efficiently respond to the emerging
agricultural technologies leading to com
mercially oriented Hi-tech agriculture,
with capital intensive credit needs, RBI
have encouraged banks to:

• open Hi-tech branches in rural ar
eas,

208

employ experts to evaluate eco
nomic feasibility of projects pro
posals,
sanction loans, and
monitor project progress under 100
percent NABARD refinance.

Some examples of hi-tech capital-in
tensive projects for rural credit financing
schemes are:

seed production, processmg and
marketing;

• floriculture;
• mushroom cultivation;

aquacuIture
tissue culture; and

• value addition to agricultural com
modities for urban centers and for
exports.

Under World Bank funded National
Seed Project's phases I, II and III, creditto
nascent seed companies was made avail
able at subsidized interest rates and partly
in foreign exchange to import seed pro
cessing equipment and technology.

Subsidy Linked Credit

To promote a new product or a process
in the rural sector, both the Central and
State Governments often resort to subsidy
linked crcdit schemes. The emphasis of
these credit linked subsidy schemes is on
achievement and implementation of the
district wise physical targets. The subsidy
component is usually channeled through a
lead bank under the "Area Development
Approach". It is disbursed through the
lead bank of the area to which the bor
rower belongs. The extent ofsubsidy may
range from 25 to 75 percent of the total
costs. Some subsidies are recurring; oth-



ers are a one-time disbursement only. Re
cent examples ofsubsidy linked credit in
clude setting up a fruil orchard, setting up
a tissue culture lab, setting up a fertilizer
mixing plant, purchase of sprinkler or
drip irrigation system. constnlction of
cold storage. The impact ofsuch schemes
in bringing families above the poveny
line or providing gainful employment is
usually weak.

Interest Rates

Organized Sector

The Government of India believes that
in present state ofdevelopment of the In
dian money market and capital markel.
determination of interest rates cannot be
entirely left 10 markel forces and a fair de
gree of regulation is necessary 10 provide
for an orderly mobilization of financial
savings for the purpose of planned eco
nomic development and in the interest of
Ihe viabiliry of bank operations. It also
recognizes the need to make the adminis
tered rate system less complex. more flex
ible and whenever possible to reduce the
extent of concessions and categories of
concessionary lending.

For the rural credit. the category of
concessionary financing is comprised of:

• small and marginal farmers; and
• other weaker sections. only.

The "other" category comprising the
rest is free from any regulation except a
maximum ceiling on interest rates of 15.5
~Io.

Effective July 1.1996, lhe Reserve
Bank of India sanctioned a special line of
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credit (GLCl to NABARD at a fixed in
terest rate of5.5 0. per year. ~ABARD in
turn extends Seasonal Agricultural Oper
ations (SAO) refinance credit 10 coopera
tives and lead banks at 6.5% for short
letrn, e.g. crop production credits. The
banks in tum are required to fix inter
est'lending rates in a manner that. glob
ally, the interest earning by the ground
level institutions namely PACs. PLDBs.
RRBs. and commercial banks gross mar
gins ranges between 5 and 7°'0. From the
viewpoint ofbanks, the regulated rates of
interest operate as a barrier10 the sanction
ofsmall loan as managers tend to look for
comparatively larger borrowers. This is
one of the reasons why the share ofcom
mercial banks in crop production loans is
substantially smaller than thaI of the co
operatives. For crop loans. there is a sub
stantial unfulfilled demand that is being
met either by the moneylender or by re
ducing the use of inputs. either srrategy
resulting in a loss ofincome 10 Ihe fanner.
Therefore. RBI has recently deregulated
the inlerest rate for rural credit; hence the
lending rate for short-tetrn credit now
ranges between 11.5 and 16.5 percent and
is negotiable. The government is obliged
to reimbursed the lead bank if they direct
them to provide credil to certain catego
ries of rural borrowers at lesser than the
recommended minimum rate of 11.5 per
cent.

In principle. during the preparation ofa
district plan. the targets fixed for financ
ing the weaker section and the rural poor
are such that the banks can bear the losses
on this score through earnings from their
commercial lending. Mandatory lending
has accordingly to be within limns that
cross-subsidization permits so that the vi-



ability of the institution is not adversely
affected.

For commercial actIvItIes of the
non-farm sector, NABARD/IDBI issues
loans to lead banks at 9.5%, and the later
have the flexibility of lending at 12.5%
and above. Loans to tribal and other
weaker sections of rural society are given
at I% lesser interest rates.

Unorganized Sector

Interest rates charged by the unorga
nized sector vary a great deal. Minimum
interest rate is usually 24 % against hy
pothecation ofstanding crop, some prop
erty, land or security ofgold, farm equip
ment or even other household goods. This
is usually available to the farming com
munity. Those farmers who do not have
access to organized sector for finance,
usually prefer this channel. Many times,
in case ofurgency, they fulfill their finan
cial needs by taking loans at such a high
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rate of interest. The maximum interest
rates can go up to 50% depending on the
credibility of the borrower. This is gener
ally available to the non-farm sector and
those who can't provide any security. The
rest of interest is negotiable and is gener
ally charged on a monthly basis. The first
installment of interest is deducted from
the initial payment (loan amount). The ru
ral users ofthis kind ofloan are poor farm
ers and artisans who find difficult to get a
loan from the organized sector. Due to the
high inleresl payable every month, once
caught in the clutches ofsuch moneylend
ers, it becomes difficult to come out.

Loan repayment

Experience has shown:

repayment rate ofloans sanctioned
by cooperatives and RBI is low,
ranging between 50 and 60%

• repayment rate of loans sanctioned
by commercial bank rural branches
is usually 80% or more.



Wednesday - September 30 - Session 1

Sorghum and Millet Utilization

Opening Remarks

Moderator - Bruce Hamaker, INTSORMIL



Evaluation of Sorghum Grain Quality
for Traditional Thick Porridge in Africa

G. Fliedel, C. Sambumukama,
L. Songre, and F. Matenncio

Introduction

A major objective of the Cereal Tech
nology Laboratory is to study sorghum
grain quality for speci fic uses so as to help
breeders in the identification of varieties
that are not only productive but also have
potential for utilization. Therefore the
laboratory developed mini procedures to
predict varielal attributes that are addi
tional breeding tools and to undersland
the physico-chemical basis of quality.

The present document summarizes
several research projects funded by the
European Community in collaboration
with research organizations in Europe and
Africa: Vrije Universiteit (Belgium).
Hamburg University (Germany). NR1
(England), IICT (Portugal). IER (Mali),
IPR (Mali), CNRST(Burkina Faso). BTC
(Botswana). and Sokoine University
(Tanzania). This work would not have
been possible without the help of col
leagues and technicians in the laboratory.

This report describes three tests that
can be used 10 predict sorghum grain
quality for making traditional thick por
ridge in Africa. The work was based on
two observations: in West Africa sor
ghum is produced and consumed in many
countries ofthe semi-arid tropics. In these
countries only local varieties are gro"rn
and most improved varieties have not
been adopted by farmers and end-users.
In Southern Africa, sorghum has been

gradually replaced with maize but most of
the countries sulfer from drought and
maize cannot be gro"rn under this condi
tion. Therefore, it is essential to identify
sorghum varieties "'ith good adaptation
but more suilable to consumer taste. Con
sumer surveys have shown that the most
common food use ofsorghum in Africa is
a thick porridge usually called 'bowl' or
'paste'. Hence under breeders' request,
three tests were developed in our lab to
predict sorghum porridge quality: one test
for West African to. the second for South
ern African bogobe (Botswana). and the
third for Eastern African ugali (Tanza
nia).

Three tests were necessary because the
three thick porridges were different in
texture. flour particles. flour concentra
tion. and cooking procedure. The West
African to starts with a light flour-water
mixture to which flour is continuously
added and stirred during cooking: the
flour/water ratio is 20"10 on dry flour
weight basis. The Southern African
bogobe is very thick and is prepared from
a mixture of coarse and fine flour parti
cles: the flour/water ratio is 40". on dry
flour basis. Cooking method is simpler:
flour is poured directly in boiling water.
the pot is covered and the mix is stirred
only at the beginning and at the end of
cooking. The East African ugaJi is similar
to to in texture. flour particles and cook
ing procedure. however the flour/water
ratio is intermediate at 30%.

PREVIOUS PAGE BLANK 213



The tests were developed using the fol
lowing steps: I) field surveys were con
ducted to understand the criteria for a
good quality porridge; 2) learning the tra
ditional cooking procedures and transfer
ring them in small scale to the lab; 3) set
ting-up the porridge quality test; and 4)
studying the physico-chemical basis for
quality.

Materials and Methods

Materials

To quality was evaluated using several
West African varieties (IER Mali,
CNRSTIINERA, Burkina Faso;
ICRlSAT/CIRAD, Mali). The to equa
tion was checked using 32 varieties from
the ICRISAT/CIRAD station at
Samanko, Mali (1995 harvest).

Bogobe quality test was developed us
ing three commereial flours from Bot
swana (February 1996), five varieties
from the Botswana Department of Agro
nomic Research (1995 harvest), and four
varieties from ICRlSAT/Zimbabwe. The
test was conducted on 31 varieties includ
ing 24 from ICRISATIZimbabwe (one
from 1995, 23 from 1996 harvest), and 8
from the Botswana Department of Agro
nomic Research (1995 harvest).

Methods

Whole Grain Analyses

Prior to analysis, grains were cleaned
to remove dust, glumes, and broken ker
nels. The cleaned grains were condi
tioned to 11-12% moisture content to
minimize variability in grain hardness.
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The Particle Size Index (PSI) was de
termined according to a method devel
oped by Fliedel et aI., (1989). After grind
ing 20 grams ofgrain in a Falling Number
KT30 type of grinder (using the setting
for coarse semolina, level 4), the product
was sieved for one minute using a 250 /lm
sieve (Alpine 200LS air sieve). The PSI is
the amount of flour passing through the
sieve, and is inversely proportional to
grain hardness. The dehulling yield was
obtained after decorticating the grain for
five minutes in the TADD (Tangential
Abrasive Dehulling Device). This TADD
is made of a carborundum abrasive disk
that turns horizontally under a steel box
made of 8 separate containers so that 8
different varieties may be decorticated at
once. The dehulling yield is the ratio of
grain weight before and after
decortication.

Flour Analyses

Flours were obtained from 75 to 80%
decorticated grains. Three types of mills
were used: Perten hammer mill and
Cyclotec helix mill for fine flour, and
Cemotec 1090 mill for coarse flour.

Flour particle size was determined by
successive sieving using sieves with di
ameters varying from 75 /lm to 1000/lm,
depending on the flour. Thirty grams of
flour at constant moisture content
(10-11 %) were sieved on an Alpine sieve
for 3 min. The amount of flour remaining
in each sieve was measured. The average
particle size G50 was measured as sieve
openings that retains 50% of the flour.

Flour solubility and volume were de
termined on suspensions made of flour
solution (7. I dry flour weight in water,
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i.e. 2 grams offlour in 28 grams ofwater),
using the RVA (Rapid Visco Analyzer
type 3D, Newport Scientific, Narrabeer,
Australia). The temperature cycle in the
RVA was as follows: the suspension was
maintained at 36"<: for 2 minutes. heated

!lIS

to 9O"C at a rate of 6"C!min, held at 9O"C
for 5 minutes. and cooled to 36"<: at
6"<:!min. The porridge was immediately
transferred to a 50 ml. lUbe and centri
fuged for 10 min at 5000 g and a tempera
ture of 25"<:. The supernatant (Ps) and



pellet (Pc) were weighed separately and
dried at 100"C for 24 hrs and 48 hrs. re
spectively to determine their dry weight
(MSs and MSc). Three parameters were
calculated: the amount of soluble materi
als in the supernatant phase (SM), the
swelling power (G) and the volume ofdis
persed matter ( ) according to the formu
lae:

SM(mg/ml)=MSs(Ps-MSs)
G(g/g)=(Pc-MSc)/MSc
~(27.25-(Ps-MSs»/27.25

where 27.25 is total volume (cm3) of the
suspension assuming specific flour den
sity of 1.5 g/cm3.

Chemical Analyses on Whole Grains
And Flours

Water content was determined follow
ing NF V03. 707, using a 5 gram ground
sample that was weighed before and after
drying in an oven at 130"C for 2 hrs.

Ash content was determined following
NF V03.702, using a 5 gram ground sam
ple that is weighed before and after it was
ignited at 900"C for 3 hrs. in a muffle fur
nace.

Lipid content (free lipids) of the dried
samples was measured by the Soxhlet ex
traction method using the Tecator Soxtec
HT type distillator. Lipid extraction was
done at I OO"C after immersion ofthe sam
ple in diethyl ether. Total protein content
(%N x 6.25) was determined by the
Kjeldahl method using an automatic
Tecator device (Kjeltec). The sample was
mineralized with concentrated sulfuric
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acid in the presence ofa catalyzer (99.5%
potassium sulfate + 0.5% selenium).

Amylose content was established by
differential enthalpic analysis or differen
tial scanning Calorimetry (DSC) using
hermetic stainless steel pans (Mestres et
aI., 1996) on a Perkin Limer DSC7
(Perkin Elmer. Norwalk, CT). The princi
ple is to measure enthalpy differences be
tween a sample and a reference that were
submitted to linear series of heating and
cooling cycles. Enthalpy variation was
determined from complexes between
amylose and added monoglyceride (ex
tracted from egg yoke). The pan contain
ing the sample (I 0-11 mg offlour in 50 ~I

ofL- -Iysophosphatidylcholine 2%) and
the pan containing the reference (50 ~ml

ofpurified water) were heated from 35"C
and 160"C at 8"C/min. held at 160"C for 2
min and cooled from 160"C to 60"C at
10°C/min. The exothermic heat for
complexing amylose and phospholipid
during the cooling is proportional to the
amylose content in the sample and can be
determined in comparison with a standard
(100% pure amylose from potatoes).

Description and Discussion of Tests to
Evaluate Quality

Test for Evaluating To Quality

Traditionally, women sieve the flour
obtained after pounding the grain in a
mortar and grinding it at the neighbor
hood mill. Then a 'flour milk' is prepared
by diluting a small quantity of the fine
flour in acidic water (using lemon or
tamarin juice), then alkalized (with pot
ash from wood ash) or not depending on
the ethnic group or country. The flour
milk is poured in a cooking pot containing
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boiling water and cooked for approxi
mately 8 min to obtain a thin porridge. To
part ofthis porridge was added the rest of
the flour by handfuls while vigorously
stirring with a wooden stick during the
cooking_ The porridge thickens. becomes
homogeneous and smooth. Porridge con-

sistency may be adjusted to a desired level
by adding more ofthe thin porridge sayed
earlier. After 20 min the to is ready. To is
consumed with a sauce made of legumes
(onion. tomatoes, okral. meat or !Ish. To
is eaten as a principal meal. and if it re-
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Table 3. Ugali consistency of13 sorghum varieties originating from Tanzania, Botswana, and Zim..
babwe

Origin

T,L

T,L

B,I

T,!

Z,!

Z,I

T,L

B,L

T,r

T,l

B,L

B,L

B,H

Extrusion force Homogeneous groups
Cultivars (N) (Newman-Keuls test, 5%)

Langa-Ianga 54.1 I

Mbangala 50.2 2

Phofu 43.0 3

Pato 42.0 3

Kuyuma 41.9 3

Macia 41.8 3

Udo 39.8 3

Segaolane 38.9 3

Tegemeo 1995 37.8 3 4

Tegemeo 1997 33.7 4

Mahube 33.3 4

Mmaba'itse 25.6 5

BSH-I 23.1 5

T=Tanzania; B='8otswana; Z=Zimbabwe
L=lmproved local variety; I=lmproved introduced variety; H=Hybrid.

mains it will be used the next day for
breakfast with sour milk or sauce,

The most important criteria fortii qual
ity by decreasing order are consistency or
firmness, overnight keeping quality with
out syneresis, taste, and color. A good tii
is hard, with good overnight keeping
quality, is light colored, and tastes good
(no bran taste).

In the laboratory the test was devel
oped as follows, largely based on consis
tency since surveys have shown that a
thick porridge keeps its quality during the
night: samples were decorticated in the
TADD to yield 75% decorticated grains
that were ground in a Perten mill to a fine
flour (particle size of 150 Ilm). Flour
(16.8 grams at 11.5% moisture content)
was mixed with 90 ml ofwater to obtain a
flour: water ratio of 16.5%. The suspen
sion was cooked for 20 min in a water bath
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under mechanical shaking (400 rpm) and
poured into two small steel cylinders (4
cm diameter and 2 cm height) that were
closed with adhesive band and placed on a
glass platform. After 20 hrs in a stove at
35°C saturated with water, the adhesive
band was removed, and a sample of tii
with homogeneous texture and constant
size (3 cm diameter, 3 cm height) was ob
tained.

Tii consistency was measured with an
Instron (Universal Food Testing Machine
model 4300) by placing the sample on a
platform and compressing it with a probe
moving at a speed of 5 mmlmin, A resis
tance force was measured in Newtons.
The force needed to fracture the sample
was selected as a measure of tii consis
tency (Figure I) because it allowed a
better differentiation of the varieties. The
greater the force, the harder the tii, Four
measurements were taken for each variety



(two samples for eacb of two cookings).
Under these conditions, two varieties
with hardness values differing by one N
will be statistically different at the 5%
level ofsignificance.

The test was applied to a \\<ide range of
cultivars including local and improved
varieties, new cultivars and breeding
lines. A scale for to quality evaluation was
established (Table I). Varieties with tii
consistency score greater than 12
Newtons are considered acceptable and
tbose witb a score greater than 15
Newtons had excellent quality; these
were usually local varieties. Below 12
Newtons, tii was soft and unacceptable.

Tnt/or EvaJulllUrg IJogoM Qua/itJ'

The traditional method for making
bogobe is vety simple: flour is directly
poured in boiling waterand stirred using a
small wooden stick at the beginning and
at the end ofcooking. Porridge is cooked
for 20 to 40 minutes.

Flour may be obtained by pounding
grain in a mortar but often commercial
flour is bought in a neighborhood store
and distributed by some 70 mills existing
now in Botswana. The mills have differ
ent capacities and are all made ofa series
of Rile decorticators (PRL type. locally
fabricated). In all cases, the flour is a mix
ture of coarse and fine particles. Surveys
indicated that importanl quality criteria
were bogobe hardness, grainy texture due
10 the presence of coarse and fine parti-
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Figure 3. Comparison between two laboratory tests for evaluating t6 and ugali consistency using
13 sorghum varieties.

cles, bland taste, and light color. In the
laboratory, grains were decorticated to a
75% yield on the TADD and ground into
flour using two different mills so that a
flour with particle size close to traditional
or commercial flours were obtained: 30%
was ground in a Cyclotec helical mill
(fine flour) and 70% was ground in a
Cemotec mill (coarse particles).
Twenty-seven grams ofthis flour mixture
were poured in 60 ml distilled boiling wa
ter in a stainless steel container and placed
on a hot plate (1500 watts, set to level 4 for
boiling and 2 for cooking). The mixture
was stirred with a fork to avoid formation
oflumps. The container was covered with
a watch glass and the porridge was
cooked for 20 minutes. The mixture was

stirred twice at 5 minutes after the begin
ning and before the end of cooking.

It was not possible to make small cylin
drical samples of bogobe for measuring
consistency through a compression test as
it was in the case of to, since bogobe is
very thick and has a grainy texture.
Therefore. an lnstron extrusion test of the
type used for rice or green peas was ap
plied to bogobe. Immediately after cook
ing the bogobe sample was transferred to
an extrusion cell. As the probe was moved
at a speed of 100 mmlmin, a resistance
force was measured. The force increased
until the porridge went through the hole at
the bottom of the cell. Then the force re
mained constant and this was the extru-
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sion force used as a measure ofthe consis
tency of the product (Figure 2): a thick
and consistent product will have a higher
extrusion force. Three separate measure
ments were taken for each variety.

This test was conducted on 9 varieties
(1995 harvest) obtained from the Bot
swana Department of Research. Ministry
of Agriculture and from ICRISAT/
BULAWAYO. Zimbabwe (Table 2). Ex
trusion force varied from 16.2 1\ for hy
brid BSH I to 30.5 N for the improved va
riety Kuyuma. The Newman-Keuls test
resulted in 6 groupings of the 9 varieties.
sbowing that the test is very repeatable
and effectively distinguishes between va
rieties. The test "'as then conducted on 30
other varieties (1996 harvest) including
23 breeding lines from ICRISATlZimba
bwe and the remaining 7 were local or im
proved varieties from Botswana. Two ex
cellent varieties had extrusion force
greater than 26 N: SDSL89426 126.2N)
and 65D (30.1 N) while two other poor
quality varieties had forces smaller than
16N: SDSH94012 (14.4N) and
Mmabaitse (15.7Nl. Varieties ""th force
greater than 22 N were well accepted and
made a consistent bogobe.

22/

Ash

-OJ~"••

------- -----

Test/or EVGlatlliJrg l'glll; Qalllit)·

The traditional method for making
ugaJi is similar to that of to; however.
ugali uses about 30% more flour. As with
to. ugali is consumed during the two main
meals with legume sauce. meat or fish.
Again the most important criterion for
quality is product consistency_As a con
sequence the laboratory method for mak
ing ugali was similar to that for to but the
flour/water ratio was changed and the ex
trusion test was used as for bogobe since
the product is too thick to produce sam
ples for compression test.

Sorghum grains decorticated at a 75%
yield on TADD were finely growKI in a
Perlen hammer mill. Twenty-seven
grams of fine flour at 11.5% moisture
content were dispersed in 80 ml of cold
distilled water at 30% flour"'-ater ratio. in
a stainless steel container. The mixture
was cooked for 20 minutes in a water bath
at constant shaking speed (400 rpm). Fol
lowing cooking ugali was immediately
placed in an extrusion cell and left to cool
for one hour before the extrusion test was
conducted as described for bogobe_

This test was conducted on 13 varieties
from Sokoine Agricultural University of
Tanzania. from the Depanment of Agri
cultural Research of Botswana, and from
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15-12
12-10
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>22.5 >26 A Very hard
22.5-21.5 26-25 B Hard
21.5-20.5 25-24 C Medium
20.5-19.5 24-3 D Soft
19.5-18.5 23-21 E Very soft

<18.5 <21 F

ICRISAT/Zimbabwe (Table 3). The ex
trusion force varied from 23.1 N for
BSH-I to 54. I N for the local variety
Langa-Ianga. The Newman-Keuls test
classified the 13 varieties into 5 signifi
cantly different groups. Above 38 N ugali
was acceptable to consumers. Two
cultivars made a poor quality ugali oflow
consistency: hybrid BSH-I and variety
Mmabaltse.

Comparisons Among the
Three Laboratory Tests

The three laboratory tests on traditional
thick porridges were compared for repeat
ability, effectiveness in distinguishing
among varieties and in grouping them_
The 13 varieties mentioned above were
decorticated, milled into flour and used
the same day to produce to and ugali. In
both cases, porridge consistency was
measured after one hour. Analysis ofvari
ance on consistency values at a 5% level
of significance gave an F-value of 75.2
with 7 homogeneous groups in the com
pression test for to, and an F-value of53.7
with 5 groups in the extrusion test for
ugali. Coefficients ofvariation were 6.7%
and 4.2%, respectively. These results
show that the two tests are repeatable
since the coefficient of variation were
small and close to 5% especially for the
extrusion test; the two tests effectively
distinguished among varieties, particu-
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larly the compression test which had a
higher F-value and more groups by the
Newman-Keuls analysis.

By comparison, the two tests do not
group the varieties the same way (Table
4); however the group of varieties that
made a good to (higher than 12 N) also
made a very good ugali (higher than 40
N); on the other hand varieties that make a
bad to (smaller than 8 N) also made a bad
ugali (smaller than 35 N), while there was
an intermediate group poorly defined
(8-12 N for to, 35-40 N for ugali).

Figure 3 shows the correlation
(r=+0.84**) between to consistency mea
sured by compression and ugali consis
tency measured by extrusion for the 13
varieties. The result indicates that the two
tests are relatively similar even though
they evaluated products that are different
from a rheological standpoint.

Table 5 combines to and ugali results
from Table 4 as well as bogobe results
from Table 2, for varieties originating
from Botswana. It appeared that these va
rieties were grouped the same way except
for two varieties (Phofu for ugali and
Mmabaltse for to). We therefore con
cluded that varieties that make a good to
may also make a good ugali or bogobe, in
other words, varieties selected for good
thick porridge in West Africa may have



the same porridge-making quality in East
and Southern Africa. Thus, genetic mate
rial with good culinary properties in West
Africa could be transferred to East or
Southern Africa and vice-versa provided
it is adapted to the local agro;:limatic
conditions. These results may belp breed
ers wbo are interested in varieties pos
sessing agronomic and food quality at
tributes that are acceptable to farmers and
end-users.

PIr}'sicu-clreMiclll Basis for Thick Por
ridge (!utility

To understand wbicb characteristics of
the grain are related to quality of thick
porridges, we conducted correlation anal
ysis between the pbysico-cbemical attrib
utes of grain and porridge consistency
(Table 6). For 13 varieties originating
from Botswana. Zimbabwe, and Tanza
nia, to and ugali consistency was posi·
tively and bighly significantly correlated
witb amylose content of wbole grain
(-+{l.8S and +<1.84, respectively) and flour
(+0.84 and +0.92, respectively); for
bogobe, with 9 varieties, the correlation
coefficients were +0.75 \\-;th whole grain
amylose, and +0.94 with flour amylose
content.

Whereas bogobe consistency was only
correlated with amylose content. ugali
consistency was also correlated (nega
tively) with flour ash content. and to con
sistency was negatively correlated with
asb, lipids, and protein content.

Hence the consistency ofthick porridg
es may be linked to grain amylose. and
therefore to flour amylose content. The
higher the grain is in amylose the better is
its thick porridge (hard and consistent).

For porridges that are smooth and bomo
geneous and are made from less concen
trated flours. like ugali and to. the
presence ofperipheral parts like bnm and
germ that are rich in minerals. lipids and
proteins, reduces porridge quality. In this
case. a good ugali and particularly a good
to wi II be obtained from grains that are not
only rich in amylose but also have a good
potential for decortication (to eliminate
peripheral parts), and/or that are rich in
starch (less minerals. lipids and proteins
to start with). For porridges that are made
with highly concentrated flour, like
bogobe, the presence ofother flour com
ponents does not appear to paste c0he
siveness and firmness. Only a high grain
amylose content is important to obtain a
good bogobe quality.

These results were confinned by run
ning multiple regression analyses on all
variables and thick porridges. Using 13
varieties, 96% of to consistency could be
explained by two variables: grain
amylose (r2=O.72)and flour protein (neg
atively) wbich could as well be lipid or
ash content (same probability). Ugali and
bogobe consistency for 9 varieties could
be explained by flour amylose content
alone (84% and 89% respectivelyI. Anal
ysisof31 additional varieties showed that
amylose is the single most important ,'lUi.
able tOr bogobe consistency. For to con
sistency, the follo\\-;ng equation that ex
plaiDS 80% of the variability was devel
oped using 32 varieties from Mali:

To consistency = + 11.28 + (0.33 x
starch solubiliryH5.12 x ash in
flour)

If starch solubility was not included.
amylose content was the next most impor-



tant variable that determines t6 consis
tency. Similarly, the variable ash in flour
which has a negative effect on t6 quality
could be replaced with the variables lipids
or proteins. Hence t6 consistency would
be primarily determined by the quantity
of starch molecules dissolved during
cooking - notably amylose molecules 
which increase viscosity of the liquid
phase and therefore gel consistency. The
other component is flour purity (free of
peripheral parts), which is directly related
to decortication yield and starch content
of the grain.

Based on these results, our recommen
dations to breeders are: select varieties
with amylose content greater than
20-21 % which is equivalent to flour
amylose content greater than 24% (Table
7); among these varieties, select those that
decorticate better, are hard enough (PSI
test) to go through abrasive decortication
or pounding and yield 'pure' flour; or se
lect varieties that are low in ash (thin
pericarp), lipids (small germ) or proteins.
These varieties should be acceptable to
consumers and make a good to.

These results may explain why women
in West Africa who prepare t6 on a daily
basis are very selective in the flour qual
ity, why they prefer to wash the grain
themselves, decorticate it with a mortar
and pestle, wash it again to make sure they
get rid ofbran and all of the germ, and fi
nally why the majority of small-scale
mills that are less hygienic, less strict on
cleaning, on the extent of decortication
and on storage, have very little success in
meeting local demand for good quality
flour. Local guinea varieties which have
small vitreous and hard grain, thin
pericarp, good decortication yield, high
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amylose content, make excellent to and
are not easy to replace with new varieties
that do not possess all these attributes.

On the other hand these results also ex
plain why commercial flours produced by
some 70 mills in Botswana are surpris
ingly so successful despite their lower
quality compared to traditionally milled
flour. These commercial flours sold in su
permarkets are acceptable to women who
like the convenience, cheap price and
bogobe quality. Brands that use local va
riety Segaolane or newly introduced vari
ety Phofu. both high in amylose are pre
ferred to brands that use mixture based on
South African hybrids. Contamination by
bran or germ which are unavoidable with
industrial or semi-industrial mills do not
constitute a constraint for the use of these
flour by [ocal people. Since the introduc
tion of these mills and the large diffusion
of the produced flours from, women no
longer do not want to pound grain unless
they live on a farm.

Conclusion

Three laboratory tests were developed
to predict the potential ofsorghum breed
ing lines in making traditional thick por
ridges in Africa: t6 in West Africa (Ma[i,
Burkina Faso), ugali in East Africa (Tan
zania), and bogobe in Southern Africa
(Botswana). These tests use small quanti
ties of grain (20-35 grams at 11.5% mois
ture), are highly repeatable and efficiently
distinguish among varieties.

These tests allowed the identification
of groups of good, bad, and intermediate
varieties. Varieties that make good t6 may
make good ugali and bogobe and vice
versa.



Grain amylose content (>20-21 % dwb)
is the single most important variable for
thick porridge quality. For West African
to, anothercharacteristic is flour purity, or
high starch content. This purity factor
may explain why West African women
are more demanding for flour quality than
women in Southern Africa.
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Senegalese Experience in Initiation and Strengthening
Semi-Industrial Millet-Based Food Technology

Plants in Urban Areas

Ababacar Ndoye

Background

Local cereals, including millet, are
grown on about half of the agricultural
land and produce 800,000 to one million
tons of grain. However, half of the na
tional consumption of cereals consists of
imported rice (400,000 tons) and wheat
(200,000 tons) at a cost of Fcfa 80-100
billion, depending on world prices and
exchange rates. This dependence on for
eign food is very difficult for the Senega
lese economy and represents a loss to ru
ral producers and local food processors,
since imported rice does not need addi
tional processing. On the other hand, the
national objective is for the agricultural
sector to grow by 4% yearly, improve
food security and increase income in rural
areas, as well as create jobs. Towards this
end, the government decided a strategy
that includes supporting local cereals. As
oflast year, the governmentdecided on an
agricultural improvement program to fa
cilitate farmer access to inputs, including
quality seeds, fertilizers, pesticides and
farm equipment through small-scale
credit to farmers. In practice, import of
agricultural equipment is not taxed. Ad
ditionally, several programs were started
to stimulate the consumption of local ce
reals - such as millet - in urban centers.

Although urban consumers tend to pre
fer rice and wheat, millet is by far the ce
real ofchoice for cultural or religious oc
casions (lakh for birth ceremony; nakk for
funerals; cakes for weddings, etc). As is
evident, millet and its derivatives are a
main part of the culture for Senegalese
civilizations. This cereal is, therefore, the
best option to replace some of the rice
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consumption in urban centers. One rea
son rice and wheat are popular is that their
food products are readily available in ur
ban markets (i.e., processed grain, semo
lina, flour, couscous, etc).

Millet must he processed in order to be
come an urban consumer product. Be
cause of this, the strategy in Senegal is to
create economically viable, semi-indus
trial processing units that give millet the
necessary momentum which would im
prove economic returns and agricultural
marketing.

Senegalese Experience in
Semi-industrial Units for
Local Cereal Technology

To start these units, it was recognized
that technological development could not
be limited to a simple transfer of technol
ogies, products, or equipments. Instead,
an aggressive policy of knowledge or
technology introduction was decided and
reinforced in a joint program with
CIRAD. The results led policymakers to
start a program named 'Dugub Sunu
Cosaan' in 1989 on millet promotion.
Products like 'Soungouf laboo!' and
'Sankhal Jaboo!' were developed. The
program was implemented by Moulins
Sentenac, with support from ITA, to en
sure quality. During this time, urban con
sumers were educated on accepting and
integrating these products in their diet.

In 1986 a different program was devel
oped by policymakers and conducted by
the Commissariat it la Securite
Alimentaire (CSA) to promote local cere
als through semi- industrial processing



plants. CSA selected local businessmen
and provided them with equipment (i.e.,
decorticators, cleaners. grinders, sealers,
etc), as well as basic products and training
(technical and marketing). The business
men signed contracts with CSA to build
the plants to house the equipment. The
processing plants, some ofwhich are still
operational, produce flour (soungouf) and
semolina (sankhal), which are packaged
in polyethylene bags. The CSA program
resulted in the expansion of these
semi-industrial plants in urban centers,
which then challenged research for diver
sification of their products.

In 1994, CRDI ftmded ITA to creare
mechanical equipments for the process
ing of secondary products. Specifically
the program was aimed at modernizing
the production ofarmw (particles made of
millet flour) through the following objec
tives:

• knowledge of the market size for
millet armw;

• development and testing a lab pro
cedure for preparing millet armw;

• conducting a pilot study ofan armw
making technology and optimizing
production; and,
marketing before transferring it to

private entrepreneurs.

This last stage is currently being imple
mented with five enterprises. four of
which are in a six-month testing period.
These enrerprises have agreed to reim
burse the cost of setting-up the technol
ogy (particle maker, equaJizer. gas dryer.
sealer, balancej in five years.

The need for a better quality product
led to research for other equipment to
clean the starting material. including
stone removers and decorticators. Since
1998, this is being done with the assis·
tance of ROCAFREMI-P5 project.
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It should be noted the development of
these semi-industrial units for millet pr0
cessing is occuning in a supporti"e envi
ronment with the existence of two pro
grams that suppon local cereals, with
ftmdiDg from C1LSS (PROCELOSj and
the European Union (PPCl). The two
programs are designed to help with micro
units, semi-industrial units, industrial
units (candy. bread. cookie factories) and
with food processors that are rnreresred in
local cereals (millet. maize, sorghum) and
cowpea.

Conclusion

Senegal has accomplished significant
achievements in local technologies,
adapted technologies, and promotion of
small and medium processing units in
volved with millet. This was possible
with the help of research and develop
ment centers, the private sector. industry.
and donors.

The aggressive approach has resulted
in positive developments including the
initiation ofsmall and medium millet pro
cessing enterprises that are technically
and economically viable. The number of
units and the quantity of products !bey
market. as well as their financial returns
have steadily increased through the years.

To sustain this tendency and reinforce
the results, the semi-industrial entrepre
neurs decided to organize in a
twenty-member for profit association
'Groupement d'interet economique'.

Much has been accomplished in Sene
gal to initiate small and medium scale
processing plants for local cereals but
much is left to do, Scientists and entrepre
neurs face the challenge ofusing their ini·
tiative and good will to make contribu
tions to food security.



Contribution of PROCELOS to the Marketing
of Food Products in Sahelian Countries

Mamadou Diouf

Introduction

Greetings from Madame the Secretary
General ofCILSS and myselfto the orga
nizing committee of the workshop, espe
cially to INTSORMIL for understanding
that millet/sorghum production and utili
zation are extremely important in
Sub-Saharan African, and more so in the
Sahel.

It is indeed clear to the organizers that
objectives can be met only through the in
volvement ofall partners from production
to utilization, in such a way that consumer
needs are satisfied. This approach is cer
tainly one of the best if results of agro
nomic research are to be useful, so that va
rieties should be perceived as raw rather
than finished material. The area of food
quality and increased utilization is hence
one for which CILSSIPROCELOS and
INTSORMIL can join their efforts.

Objectives and Approach
ofPROCELOS

CILSS in its major program on food se
curity started the regional program called
PROCELOS to support local food prod
ucts and the utilization sector. Activities
include:

• promotion of increased consump
tion

• improved knowledge of product
utilizations

• transfer of improved technologies
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• support new product development
in cereals, fruits and vegetables, an
imal and fish products

• provide information on nutritive
value and product quality

These activities are preferable to vari
ous restrictions on imports, by creating
conditions under which local processors
can offer quality products that are attrac
tive to consumers.

Sahelian countries recognized as early
as 1980 that the rules of international
trade and solidarity on one hand, rapid ur
banization and demand for alternative
products on the other hand, require that
food products target city dwellers. Thus
CILSS decided to do something in the uti
lization area. The strategic objective is
defined as 'a significant share for local
food products in the consumer habits'
while the short term objective of the past
three years was 'the increase of certain
processed foods and their utilization'.
The following expected results were set:

the most competitive processed
foods which are better known and
more attractive to consumers
the socioeconomic and legal envi
ronments for improved food prod
ucts
the investors in food products are
better organized to defend their
own interests

• an improved product quality



Major acbievements b)" PROCELOS

The project acts mainly as a facilitator
between interested parties but a few times
it has worked alone. Some key results are
as follows:

• food products developed by re
search and other partners are bener
known. Semolina. flour. couscous.
infant foods. all in bener presenta
tion are now more appreciated by
consumers as can be seen in super
markets. neighborhood shops.
drugstores. and even in some devel
oped countries.

• improved market for food product
(increased sales and sometimes in
capacity to satislY demand).

• development and distribution ofcu
linary books whose positive effects
on consumption have been docu
mented in Senegal. FAO has re
quested some ofthe recipes for their
INPHO program on the Internet.

• discussions on packaging have led
to the finding of solutions being
currently implemented in some
countries while long term solutions
are been evaluated for the
sub-region.

• the institutional environment. eco
nomic and monetary. was studied
before the project started and in
some countries suggestions for im
provement have been made.

• National PROCELOS offices have
helped food specialists to organize
themselves around cereal process
ing and others.

• more professionalism in the acthi
ties of various partners has been
promoted by the advisory offices
set up by the project.

• at the national level, bulletins are
published to discuss topics of inter-

est for food processors and other
partners in food security.

• a higher awareness of the impor
tance of quality. Past results and
those being e\'alualed in some
countries will lead to adoption of
sul>-regional standards. quaIil)" la
bels that will be presented to re
gionalleaders and national govern
ments so that quality requirements
of urban dwellers are satisfied.

Problems

The principal ones are:

• need to develop bener entrepre
neurs through lraining and informa
tion exchange:

• produce concise information on re
search results that are readilv usable
by food processors in collaboration
with researchers:
a bener management of quality in
processing plants:

• a bener institutional environment
for food processing enterprises to
expand and improve their products:

• a system ofcredit more favorable to
food processing specialists:

Conclusions and Recommendalions

Food deficits have been reduced in part
due to imports and food aid but modified
food habits ha\'e come 10 exist because of
the joint impact ofcolonization. drought.
rules of international trade. and increas
ingly because of urban Ii\ing conditions.

Food security issues will be more and
more applicable to urban centers and con
sumer preferences in rural areas will be
modernized. This gives a high priori~' to
the development of local food products.



This may be the best way to increase pro
duction, because a breeder will target
each variety to a specific use. This use
will correspond to an identified need, or
better yet to what consumers demand.

Researchers have interesting results
that may satisfy food requirements al-
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though not always known by food spe
cialists. This is an important development
because at PROCELOS we believe that a
long-teml solution to the problems of
food security has to involve local prod
ucts, because one can hardly win a war
with someone else's weapons. Thank you
for your attention.



Factors and Recommendations
Concerning Seed Production

Lee House

Introduction

Pearl millet is the most important crop
in the counlIy being grown on an esti
mated 4.8 million hectares. Sorghum is
the second most important crop being
grown on just under two millinn heclares.
Yields are low, ranging in the area of 350
to 400 kgJheclare, but the crops are \-;rIU

ally always produced in hot, dry rainfed
conditions and on soils depleted of nutri
ents. Agriculture is confined to the south
ern end of the counlIy primarily below
12° latitude. A very small percentage of
the sorghum crop is irrigated.

Sorgbum Researcb

Varietal development in Niger was un
dertakeD in the 1950's. Several varieties
were released. Hybrids were introduced
but discoDtinued because of poor seed
quality.

About 15 years ago, INRAN in collab
oration with INTSORMIL, developed ex
perimental hybrids for evaluation in the
counlIy. Promising hybrids were also
evaluated in the West Africa Sorghum
Hybrids Adaptation Trial (WASHAn
Hybrids are still being developed from
this cooperation and are being evaluated
iD the counlIy and the region as an OD go
ing research activity.

In 1986 systematic studies on cultivaTS
including hyhrids, their parents, and
adapted local checks were initiated and
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evaluated at severallocatioDS in the COUD

1Iy. Hybrids averaged 61 % increase over
locals with irrigation and 49% when
rainfed. The advantage of hybrids over
parents was 45% w;th irrigation and 66 %
when rainfed. Additional testing contin
ued to conform the yield advantage ofhy
brids across locations and underboth. irri
gatiOD and rainfed conditions. ID 1989.
the hybrid Tx623A x MR732 was entered
in regional sorghum trials. It ranked third
among twenty entries including local
checks at nine loctions in Cote d'ivoire.
Burkina Fasa, Cameroon. Nigeria and
Niger. Experimental hybrid yield
(1984-1992) averaged approximately 2
tonS!ba. The best hybrids yielded up to 6.5
tons>ba where the best varietal checks
never exceeded 3.5 tons'ba.

In 1991, the hybrids Tx623A and
MR732 were released as NAD-1. Since
its release, the hybrid bas been grown by
numerous farmers where it has received
an enthusiast response but has also raised
concern about the availability ofseed. As
a hybrid, NAn-I could be used to facili
tate the initiation ofa seed industry in the
private sector. Establishing a seed indus
IIy will ensure the possibility that farmers
can benefit from hybrids.

Pearl Millet

Pearl millet is the most important ce
real crop in Niger. It is grown on an esti
mated 4.8 million ha with average )-;eld of
380 kg;ha and 1.86 million tons of pro-



duction. All of the improved and recom
mended millet varieties are
open-pollinated varieties bred by
INRAN, and more recently by the
ICRISAT Sahelien Center. However, the
area occupied by these improved varieties
is very limited.

The discovery of cytoplasmic
male-sterility (CMS) in pearl millet and
the breeding and release ofTift 23A in the
early sixties made the production of sin
gle cross hybrids (SCH, male-sterile x in
bred) possible in India and has contrib
uted to spectacular yield increases. Al
though the male-sterile Tift 23A was
made available to breeding programs in
West Africa in the early sixties, pearl mil
let hybrids were not extensively tested.
Tift 23A was not adapted to the environ
ments of West Africa: early flowering,
high susceptibility to downy mildew, ab
sence of early vigor resulting in poor
emergence and stands, and occasional
breakdown of sterility. Because of these
problems, extensive resources were not
devoted to breeding SCHs, but only ex
ploratory research was directed towards
inter-varietal or top-cross hybrids (TCH,
male sterile x open-pollinated variety).
Limited amount of research on peral mil
let hybrids was caried out in the
mid-eighties in Senegal, Mali, and Nige
na.

Without exception, it was concluded
by every national program in W. Africa
that unless adapted male-sterile lines
were available, it would be difficult to de
velop and assess the potential of pearl
millet hybrids in the region. Therefore,
the breeding ofadapted male-sterile lines
and development of top-cross hybrids (A
line x open-pollinated variety) at
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ICRISAT-Niger is a major breakthrough
and opens up enonnous opportunities for
breeding of superior hybrids. ICRISAT,
in collaboration with national programs
and the millet network (ROCAFREMI),
has been able to demonstrate progress in
the following:

Development of adapted seed par
ents (male-sterile line) for use in
hybrid development.

• Demonstration of hybrid superior
ity for grain yield and disease resis
tance using top-cross hybrids (A
line x open-pollinated varieties).

• Hybrids performed better than
open-pollinated varieties under
moisture and fertility stress, the two
principal contraints for millet pro
duction in Niger.

• With the availability ofmale-sterile
lines there is now an opportunity to
combine adaptation of the land
races to the prevailing low mois
ture, low soil fertility conditions
with an improved yield potential.
Hybrids appear to be the easiest
route for a rapid and effective incor
poration of tolerances to stress fac
tors and increase in yield potential.
The landrace variability in pearl
millet within Niger captures about
80% ofthe variability present in the
World Collection.

• Studies on hybrid multiplication
plots indicated that the nick (syn
chrony in flowering between the
male sterile and pollinator parents)
was optimum, with pollinator par
ents flowering one week to 10 days
before the male-sterile line. Tiller
ing was asynchronous in the female
line, with a 10-20 days interval be
tween stigma emergence on the
main tiller and secondary tiller. The



high tillernumber plant assured that
enough pollen was available for all
the female earheads.
At a female to male ratio of4:2 (ap
pears optimum). the estimated hy
brid seed yield is 620 kg ha- I and of
the pollinator 700 kg ha- I . Our
'back-of-the-envelope' calcula
tions show that profits between
$650 to $850 can be expected from
a hectare ofhybrid seed production
(assuming 200 Fefa for a kg of
grain. 800 Fcfa for a kg of hybrid
seed and 400 Fefa for the pollinator
OPV seed).

• [t has to be noted that production of
topeross hybrids pennits harvest of
two seed crops from one field- that
of the hybrid and of the pollinator
variety. Seed producers can sell the
seed ofthe pollinatorvariery which
will generally have better seed
quality assuring an increase in the
value ofproduct from the male par
ent rows.
ICRISAT has gathered extensive
data on the requirements of
topeross hybrids, and the need for
durable disease resistances for
downy mildew. A Regional Pearl
Millet Hybrid Trial has been initiate
in collaboration with the West AIii
can Millet Research Network. It is
hoped that results from this trial
will help in the identification ofsu
perior hybrid combinations.

• There will be a need for extensive
training in seed production. Stu
dents and technicians from Niger
have been trained in the production
and evaluation of male-sterile lines
and hybrids.
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Opportunities in Niger for Com_r
dal Production of H~'bridSeed

Experience to date indicates the impor
tance of irrigation to ensure simultaneous
flowering of both parents and of good
quality seed yield. One can rationalize
three categories of seed producers.:

One group consists of indiv;duals w;th
reasonably large land holdings ranging
from 50 to 300 hectares. Opportunities for
irrigation generally do not exceed 30
hectares and are usually less. Owners of
these fanns almost always haw employ
ment with the Government or private
business.

The second group consists ofcoopera
tives in the irrigated perimeter. There are
numerous irrigation schemes in the south
ern part of the counlly mostly along the
Niger River (Bimi N'Konni. Maradi,
Diffa) which are referred to as irrigated
perimeters. These are managed by pri
vate cooperatives with ICChnical superv"i
sion from ONAHA (Office :"iatiooal des
Amdriagernents Hydro Agricoles). Hold
ings by indh;dual farmer members ofthe
cooperatives are small, ranging from one
third to just over one hectare. Fanners re
ceive suppon for input such as fertilizer
and irrigation water and they sell their
produce through a cooperative. which en
ables the co-operative to recover the cost
of the inputs. Hybrid sorghum seed has
been very successfully produced by fann
ers on several irrigation perimeters. To
date, seed has been sold within the perim
eter but the opportunity to sell outside of
the perimeters is there.

The third group is small farmers who
fann on dry land. Initial elTons ",ith them



failed but there may be an opportunity to
produce hybrid seed, particularly in the
rice growing areas where irrigation is pos
sible. Presently, these farmers are produc
ing vegetables and onion seeds. This
group could be considered for contract
seed production.

Overall, the capacity to produce hybrid
seed ofsorghum and pearl millet is there.
Also to be considered is the farmers' en
thusiasm to produce seed, given the good
monetary earning of fanners who pro
duced seed ofNAD-1.

INRAN has and is involved in the pro
duction of seed of NAD- 1. This is ac
cepted as an interim contribution to pro
vide seed and demonstrate techniques to
farmers and potentially interested seed
producers. Already the area under NAD- I
seed production is greater in the private
sector than in INRAN. Even though
INRAN is taking responsibility to provide
foundation seed, three private individuals
are producing seed ofTx623A this year.

There appears to be no constraint on
the opportunity for privatc production of
breeder and foundation seed of
INRAN/INTSORMILlICRISAT devel
oped hybrids.

At the present time demand for seed of
NAD-I greatly exceeds supply and since
1995 NAD- I seed has sold for 700-800
Fcfalkg which is 4 to 8 times the grain
pnce.

Getting Started

INRAN is a government reseach
agency with limited capacity to produce
and distribute seeds. There is really no or-
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ganization for production of hybrid seed.
The initial effOlt has been to stabilize seed
production and identify individuals inter
ested in seed production. This exercise
has been supported by several TNRAN
staff and consultants. In 1995,750 kg of
NAD- I seed was produced, which in
creased to 1400 kg in 1996, 7100 kg in
1997. Based on visual observation, it is
estimated that approximately 26,000 kg
of NAD-I seed was produced in 1998.
The number of producers also increased
from 6 in 1995 to 43 in 1998 with private
producers increasing from 3 to 15, and in
the cooperatives from none to 24.

New producers have been encouraged
to limit their first effort to no more than
one halfhectare because oflack ofexperi
ence. There are concerns that the seed in
dustry is not adequately understood. The
current interest in the development of a
seed unit at INRAN, and fonnation of a
seed producers association might provide
capital to start a business. Banks and some
agencies are reluctant to lend, not recog
nizing the difference between seed and
grain.

Training

Two one day training program were or
ganized in 1997 involving 50 individuals.
A training manual was made available by
INRAN/INTSORMIL. Prior to the plant
ing season, six training courses were or
ganized involving 250 individuals. Be
cause of the high demand for the training
manual, there are now plans to expand it
by including more information on man
agement ofa crop for seed, pathology and
entomology.



The possibility of establishing a train
ing center has been discussed and plans
made but these have yet to be imple
mented. Also under discussion are
expandsion of the training program to in
clude more hands on contact, fanner
training and field demonstrations. and to
establisb a library with information rele
vant to seed production, standards and
certification, seed processing equipment,
seed storage and processing plant require
ments.

The Nellr FulDre

Currently new sorghum bybrids are be
ing developed by tbe INRAN!
INTSORMIL collaboration, and pearl
millet hybrids are being developed at the
ICRlSAT Sahelien Center.

The establishment of a varietal release
committee should be considered to evalu
ate cultivar superiority and/or adaptation
in different enviromnents. Such a com
mittee could also give balance 10 the num
bers ofcultivars released.

To date, the effort bas been to stablilize
seed production and to identify and train
seed producers. The program is or soon
"'ill be at a point when other consider
ations sucb as seed processing, imple
menting existing seed laws, establishing a
program of voluntary seed certification.
and training in the marketing ofseed will
become important. It is to be noted that
the Ministry of Agriculture is only casu
ally aware ofthe effort to establish a seed
industry. Now thaI this opportunity ap
pears to be moving forward, il would be
useful for the Ministry to develop a policy
that recognizes and encourages develop-

235

ment ofa seed industry in the private sec
tor.

We should also anticipate that "'ith the
increased production of sorghum and
pearl millet grain. we must find means on
how this grain can be utilized for food and
feed.

ObjKdves

• To continue research to develop
sorghum and pearJ millet hybrids
with a range ofmaturities to satisfy
short growing seasons such as
Diffa, and longer growing seasons
in the South around the Bengou
area. It is also importanlto bave hy
brids with better grain quality, and
for sorghum to have hybrids "ith a
lower susceptibility to long smut.

• To expand experimental produc
tion of pearl millet hybrids so that
several tons of seed are a"ailable
for on farm demonstration. The
purpose would be [0 gain
enlhusiatic response from farmers
[0 create a demand for seed indus
try.

• To process seed which has been
certified through a volun[ary certif
ication program.

• To expand training and educational
opportunities [0 seed producers and
their managerial staff and to the
farmers. The training would in
clude production. processing. qual
ity control. marketing. and crop uti
lization.

• To establish a training center thaI
could serve Niger and other West
African countries. which would
serve as a resource [0 seed produc
ers in becoming es[ablished and
maintaining [heir facili[ies. This



could be a function of the Seed
Unit.
To establish an independent Seed
Unit or national seed service within
INRAN which would handle a
range of functions. The seed unit
should have funding to effectively
support and encourage the future
establishment and growth ofprivate
sector.

• To conduct training programs for
seed producers and their staff, pro
vide technical support to new pro
ducers, contribute to the implemen
tation of quality control programs
(serve as the operational unit in ex
ercising the stipulation of the seed
law), help reactivate the seed lab
and mini seed labs associated with
seed processing facilities estab
lished by the previous program
(1976-1986), and assist with the es
tablishment of a Seed Producers'
Association. The seed unit could be
a resource of technical infonnation
relevant to the seed industry and at
tract outside expertise (consul
tants), interact with donors to sup
port seed activities in Niger, and in
teract with the government on seed
related issues.

It is suggested that the seed unit have an
oversight committee, comprised of
arrpoximately 20 members, that would
meet twice a year. The composition of the
committee would be as follows:

• INRAN Scientific Director
Senior staff of the seed unit (the
head of the seed unit would chair
the committee)
Member ofthe liaison unit between
INRAN and Extension
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Two INRAN breeders (other scien
tists could be invited to meetings
where they could contribute)
INRAN research station directors
Two extension agents
Two private seed producers, one
should represent the Seed Pro
ducers Association
ONAHA representative
ICRlSAT representative
Two or three farmers

Presently. lNRAN has approved the
seed unit to be part of its organization, but
it is yet to be approved by the Ministry.
This needs to be resolved so that develop
ment of the unit can proceed.

To encourage the establishment ofa
Seed Producers' Association. Once
established, the Association would
implement the seed certification
program, manage funds both from
participants and donors to provide
capital on a loan basis to help new
producers get started, and conduct
seminars involving banks, NGOs,
Ministries, and others on topics rel
evant to the seed industry, market
ing, and storage.The Association
could also encourage good business
practices with strong emphasis on
seed quality, interact not only with
the government on issues related to
the seed industry but also with
internaitonal seed companies with
interest in Niger. It should also pro
vide opportunities for short-term
overseas training with existing seed
agencies. Another proposal would
be to support an 8 to 12 member
study tour of 3 to 5 countries with a
well-established seed industry. The
study tour would include several
private seed producers, the Minis-



try, a member ofa financial institu
tion, and INRAN specialists.

• On-farm demonstrations should be
encouraged to show gains in yield
from better crop management since
hybrids are generally more respon
sive to management inputs.

• While the effort to produce hybrid
sorghum seed is still modest, sev
eral problems have been encoun
tered. Rain on harvested panicles
increased grain moisture which re
duced gennination while in storage.
Quality seed drying facilities at sev
eral sites in the country are urgently
needed.

• There is need to explore opportuni
ties for small-holder fanners on the
irrigated perimeters to produce hy
brid seed.

Resolutions of the Working Group on
Seed Production

• It is suggested that a project be
funded for at least a IO-year period
which could be di,,;ded into two
5-year units while establishing a
seed industry in the private sector.
Such a project would provide the
opportunity to focus staff on the
various aspects ofthe seed industry
and to capitalize on the expertise of
individuals with experiences in
other countries.

• There should be a continuing input
into research from which there will
be a useful flow ofgenetic material
to farmers through demonstrations
and involvement of Extension
Agents.

• Concern was expressed that oppor
tunities for scientists should be im
proved to encourage them and re
tain them in their posilions.
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• Crop management sbould be
strengthened - hybrids can be used
as a vehicle for this purpose. Dem
onstrations are useful for farmers to
gain appreciation for bener crop
management.

• The government needs to establish
a seed policy indicating their goal is
to establish a seed industty in the
private sector with profit and com
petition.

• The establishment of a seed unit at
INRAN was appreciated and
should be kept broad based. The es
tablishment of a Seed Producers
Association is encouraged.

• There is need for continuous train
ing activities for scientists, exten
sion agents and fanners. It is also
important to pro\;de opportunities
for prospective seed producers, pol
icy makers, and financial managers
to attend training sessions, semi
nars and topic meetings on aspects
of the hybrid seed indusll)'.

• Expand the training program to in
clude more hands-on opponuoity.
Expansion of the training manual
was also recommended.

• Expand Lossa as a Seed Production
and Training Center under
INRAN's management.

• The seed law should be imple
mented to regulate seed quality.
5latues ofthe seed law should be at
tainable to protect the honest
seedsmen.

• Seed certification should be volun
Iary 10 provide the opportunity for
brand names.

• Financing seed producers is a key
issue to be addressed by govern
ment through the banks. The differ
ence between seed and grain must
be clearly understood.



Certification for pearl millet top
cross hybrids require their own reg
ulations to accommodate greater
variability. Certification for single
cross pearl millet hybrids would
follow normal requirements.

• Good seed storage is recognized as
a necessity. This storage could in
clude keeping several hundred kg
of seeds of good adapted cultivars
that could be used for off-season
seed production following a year of
crop failure.
A variety release committee to con
siderboth varieties and hybrids was
recommended.

Staff

Staff which could be part of the seed
unit would include:

• Seed production, processing and
overall project manager
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Seed law and seed certification offi
cer
Engineer

• Training officer
Grain utilization scientist
Up to 20 technicians to support the
growing seed industry across the
southern region of the country

• Consultants in seed quality, mar
keting, and utilization. It is ex
pected that these consultants would
be hired on a recurrent basis.
Secretariat and other support staff
It is also suggested that up to eight
individuals should be trained over
seas, and approximately 70 individ
uals to be provided short-term train
ing in-country which would include
study tours.
Provide start-up capital for new
seed producers through the Associ
ation.



Pilot Project Report on Sorghum
and Pearl Millet Utilization

Rapporteurs: I. Aldntayo and J. Ndjeunga

The Utilization group led by M. Diouf.
first reviewed tbe constraints 10 tbe ex
pansion of a pearl millet and sorghum
food processing industry. Then. made
recommendations on lifting those con
straints. The following constraints were
reviewed:

• Low grain quality
• Inconsistency of grain supply and

price variability
• Inadequate food processing equip

ment
lack of training and poor informa
tion flow

Rationale for Identifying
Those Constraints

ColISII'llbtt 1

A successful pearl millet and sorghum
food industry is contingent on high qual
ity grain botb for its physical purity as
well as its suitability to making the
end-products. Grain cleaned of physical
impurities, uniform in size. etc., is re
quired because it is easy to process. Oth
erwise processing costs \\;11 be high and
tbe quality oftbe final product may be af
fected (sand, ash content and high lipid
content). Moreover, tbe consistency of
tbe grain varieties w;tb food processors
and consumers' preference are important.
There is also a need for standardization of
grain quality in tbe sub-region.
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CollSll'llilftl

The inconsistency of grain supply as
well as tbe high variability in botb tbe
supply and grain prices could discourage
tbe investors from enlering the food pr0
cessing industry.

COlfstNlint3

Equipment currently available in !be
West and Central African region is not
adapted to sorghum and pearl millet pr0

cessing. In a recent WCAMRN meeting.
tbis lack was identified as a primary con
straint. Poor packaging oftbe final prod·
uct was also found to attract less consum
ers.

CollSll'llint"

Processors are not well trained in
state-of-tbe-art food processing technolo
gies. Therefore tbe products are often of
poor quality. Also, lack of organization
among food processors reduces !beirabil
ity 10 collaborate \\;tb !beir partners such
as farmers, researchers. and deci
sion-makers. Sharing information be
tween tbe networks and I1'iISO~"lIl is
also necessary to avoid duplication.

Recommendations

In order to ensure good quality grain.
optimal contraclUal arrangements be
tween producers and food processors are



required whereby producers are offered
premium for grain quality and food pro
cessors are being supplied grain of high
quality. Moreover, breeders should de
velop varieties that are suitable to food
processors' needs as well as consumer's
preferences. Breeders should be involved
at the early stages of the variety develop
ment process. Grain quality in the
sub-region must be standardized (this is
currently being done through the
WCAMRN for millet). Finally, as an ex
ample, the hybrid seed offers the opportu
nity of increasing production of uniform
grain (size and color) that are necessary to
facilitate processing and to develop high
quality food products.

Existing equipment used for process
ing wheat should be adapted to sorghum
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and/or pearl millet. However, they should
be made available to food processors at
low price and at the same time improve
the performance of existing equipment.

On the one hand, facilitate and ex
change information between networks
(WCASRN and WCAMRN) and
INTSORMIL, and on the other, provide
support to food processors and promote
good collaboration with researchers.

Train food processors in better food
processing techniques, small-business
management, and marketing promotion
techniques.

Provide support in promoting pro
cessed products via advertisements so as
to be perceived as "new products".



Processing Sorghum and MiUets
into Value-Added Products

Adam Aboubacar and Bruce Hamaker

Introduction

Although sorghum and millets are the
major staple foods in many African coun
tries, commercial products made from
them are rarely available in urban and ru
ral markets. In contrast. imported wheat
and com products are readily available.
particularly in urban centers. In many Af
rican countries, several anempts are now
being made towards processing sorghum
and millets into commercial products.
Long term goals of such processing pro
jects are to reduce food imports in sor
ghum-and millets- producing countries,
to benefit local entrepreneurs by giving
them value-added products. and to give
farmers another outlet to sell their surplus
grain.

Table I lists some sorghum and millets
products that have commercial potential.
Because of its many different uses, flour
constitutes the single most important
product that can be made from sorghum
and millets. flour is most commonly con
sumed in the form of thick and thin por
ridges. Traditional processing of flour
into couscous is a very common practice.
particularly in the Sahel region. Later in
this report, we ",;11 present our experience
in selling-up a small-scale cous
cous-processing unit at INRAN. Other
products with commercial poteOlial in
clude composite flours prepared by sub
stituting parts of sorghunvmillets flours
with legumes (cowpea, soybean. peanut)
or wheat flours. These composite flours
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are used in the manufacture of weaning
foods and baked products such as bread
and biscuits. New and improved commer
cial products that can be made from sor
ghum and millets include pasllL noodles,
chips. parboiled products, and beverages.
Studies at Texas A& M University and at
CIRAD (Centre de Cooperation Inter
nationale en Recherche Agronomique
pour Ie Devcloppement) ha"C 500"'11 that
it is possible to make acceptable pasta and
noodles using sorghurn'wheat composite
flours.

Small-Scale Couscous Proccssiug Unit

Couscous is a steamed product made
from cereal flours. Millet. sorghum.
maize. and fonio couscous are common in



West Africa, whereas durum wheat cous
cous is found predominantly in North Af
rica. Couscous production is a laborious
and time-consuming process. Production
steps include milling grain into flour,
mixing flour with water, agglomerating
the flour-water mixture into couscous
granules, steaming, and drying. The most
critical step in the processing ofcouscous
is the flour agglomeration step. Tradi
tionally, agglomeration is done by hand
rolling ofthe flour and water mixture until
couscous granules are fanned. Another
traditional procedure is to force the
flour-water mixture through a sieve to
produce couscous granules. This step has
been partially mechanized for small-scale
processing in West Africa with the fabri
cation oftwo types offlour agglomerators
(Richard, 1993; Anonymous, 1995).

With funding from INTSORMIL, a
small-scale couscous-processing unit has
been recently installed at INRAN for the
purpose ofresearch and demonstration to
entrepreneurs, NGOs, and cooperatives.
The unit can also be used to produce flour
and grits from locally grown cereals. The
unit is comprised of several main pieces
ofequipment: a grain decorticator, a flour
mill, a flour agglomerator and a solar
dryer. All this equipment can be found or
fabricated in the West African region.

Studies on Sorghum Couscous

Research was undertaken at Purdue
University to determine the fundamental
grain and flour properties that determine
sorghum couscous quality. Grains from
eight sorghum cultivars grown in West
Lafayette, IN were decorticated in order
to remove 20% of the outer layers of the
kernel then milled into flours. Flours were
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processed into couscous using a labora
tory procedure (Galiba et. a!. 1987) and
compared to a laboratory-prepared
(Debbouz et. al. 1994) and a commercial
dumm wheat couscous.

Couscous Yield

Sidibe et. a!. (1981) reported that, in
Mali, the most important couscous qual
ity criterion is the yield ofthe final prod
uct compared to the original flour. Cous
cous yield is highly dependent upon the
ability ofthe agglomerated flour particles
to retain their integrity when steamed
(Galiba et aI, 1987). In our study, we
found that hard grain produced flours
containing high proportions ofcoarse par
ticles and damaged starch. In addition,
we found it yielded a higher proportion of
desirable sorghum couscous granules.
Cultivars P721 Q and P851171 yielded
higher proportion of small undesirable
couscous granules. These two cultivars
also had the highest ash content and high
est proportion offine flour fraction. Since
ash is often used as an indicator of the
presence ofbran in flour, the low yield of
desirable couscous particles from these
cultivars may be due to competition for
water between starch and bran, resulting
in less water available for starch
gelatinization during couscous manufac
ture.

Couscous color

Couscous made from sorghum vary
widely in color from dark brown to
creamy-white depending on the type and
amount of pigments present in the flour
(Galiba et. a!., 1987). Millet couscous
was reported to have a darker color than
sorghum couscous (Galiba et. a!., 1987),



though this too depends on the cultivar
used and flour preparation. All sorghum
flours used in this study appeared white
after milling. A variety of colors ranging
from brown to yellow were obtained
when the flours were processed into cous
cous Changes in color became obvious as
soon as flour was mixed with water.
These changes were accentuated during
steaming and drying. Wet couscous ap
peared lighter in color than dry couscous.
These changes in color are likely due to
the presence in the flours of various phe
nolic compounds which have been re
poned to be responsible for the colors
found in sorghum-based foods (Hoseney
et. aI., 1981). A sensory study conducted
by our group in Niger revealed that con
sumers accepted a wide range ofsorghum
couscous color, although there was a clear
preference for white- and yellow-colored
couscous. Durum wheat couscous was

•

lighter and had more yellow color than
sorghum couscous. Among the sorghum
cultivars used in this study. couscous
made from SEPON82, lRAT-204. and
NAD-l gave color comparable to that of
durum wheat couscous.

Cou!U'ous It!JCtlIn

Couscous of good quality should ab
sorb sauce well and must have uniform
particles that neither stick to one another.
nor lose their integrity when stearn or
sauce is applied (Sidibe et. al. 1981; Kaup
and Walker. 1986). Significant differ
ences in couscous stickiness were found
among the sorghum cultivars (Figure I).
Cooked sorghum couscous stickiness was
positively correlated (r = 0.89. P < 0.01)
with the amount of damaged starch in
flour. A low molecular weight wa
ter-soluble branched starch molecule ex-
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tmcted from sorghum couscous was also
found to significantly (r=0.86, P < 0.01)
correlate with couscous stickiness. Sor
ghum couscous was stickier than dururn
wheat couscous. There was less variation
in couscous hardness than in stickiness
among the sorghum cultivars (Figure 2).
Cooked couscous hardness correlated
positively (r = 0.79, P < 0.05) with appar
ent amylose content of flour. Addition of
2% oil to the cooking water considerably
decreased the stickiness and hardness of
some sorghum couscous to a level compa
rable to durum wheat couscous (Figures 1
and 2).

..

Effects ofdecortication rate on sor
ghum couscous yield and color

The sorghum grains were decorticated
to remove 10,20,30, and 40% ofthe ker
nel and milled into flours, which were
used to produce couscous. Significant ef
fects ofdecortication rate (percent kernel
removed) on couscous particle size distri
bution (Figure 3) and color were ob
served. For example, at 10% kernel re
moval. high amounts (30-55 %) offine «
1mm) couscous particles were produced;
whereas at 40 % kernel removal, greater
amounts (10-40 %) of large chunks (>2
mm) ofcouscous particles were obtained.
Couscous yield ofparticles (1-2 mm) was
highest (60-90%) at 20 and 30 % kernel
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Figure 2. Hardness of sorghum and durum wheat couscous with a and without. addition of oil.
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removaL depending on the cultivar. Flour
and couscous lightness significantly im
proved as decortication rate increased .
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Panel Discussion

Bruce Hamaker

Human Utilization

Day 3 - Session 1

Hamaker topanel: What does it take to
make a successful commercial product?
What are the limitations, constraints and
successes from the producer, technology
and marketing approach.

N'Doye: A major constraint is the cost
of raw material. It should be low enough
in order to produce a product that is af
fordable to consumers. Second important
point is that both researchers and proces
sors need to work together to define spe
cific uses for each sorghum or millet vari
ety. We need to have specification of raw
materials, similar to the one used in wheat
utilization where soft and hard wheat va
rieties are used in baking, whereas very
hard varieties are used in pasta produc
tion. These are approaches currently be
ing used by ROCAFREMI and
PROCELOS.

Jupiter: First we need to have varieties
suitable for each end use. Second there is
a need to have a consistent supply ofgood
quality sorghum and millets grain to sus
tain a food industry. The other problem is
that high grain price may discourage in
vestment. These are the points we need to
look at from the production side.

Hamaker to Wolf Looking at it from
the entrepreneur (processor) side, what do
you feel as a breeder and processor the
limitations are ? What do you need to
have to get the product you want?
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Wolf The biggest constraint is contin
uous supply of good quality grain to the
industry.

Hamaker to Biago: In your experi
ence, do you need to have a contract with
your suppliers or do you get your grain
supply from the market.

Biago: At the beginning, we used to
buy our grain from the market. We did not
have a particular contract with farmers.
First we tested our product to determine if
it is acceptable to consumers. We had to
work with local women because they
knew the type of flour or products con
sumers want. We did not have pure variet
ies available. We used whatever we found
on the market. It was not until recently
that I had a contract with a farmer who
produced on 75 ha land, which is still not
enough raw material for me. Although I
am satisfied with this producer, I still need
to get the grain with my former suppliers
who themselves buy the grain on the mar
ket. I think that many farmers will be mo
tivated and produce more grain ifthey are
assured of this type of contract. Farmers
do not produce a lot ofgrain because there
is not an outlet forthe surplus. We as pro
cessors need to give confidence to farm
ers. There is also a need to do quality and
nutritional tests on the final product. West
African consumers are very selective
when it comes to quality. It is true that
color plays a role but it is not the deter
mining factor. Texture is more important.



Benhe: I want to add that grain quality
is very important. In Mali we had conlmct
with farmers specifying the type of grain
we want for a particular product. We also
made sure that we had continuous supply
of good quality grain, which made it pos
sible to operate the processing units year
round.

Fliedel: I agree that grain quality and
supply are important. At CIRAD, we
carne up with a laboratory procedure 10
manufacture pasta using 100% maize. We
did some food quality trials in Senegal
and people liked the product. A major
problem was that ofgetting the supply of
maize from Casamance where il is pro
duced 10 the capital Dakar. The price of
maize was so high that the project had 10
be abandoned. One last thing I wanled 10
mention is flour quality. Man)" of the
decorticators and mills thaI are commer
cially available do not produce flour of
good quality. This is the reason why some
women slill prefer 10 use
band-decortication. We need 10 develop
new techniques for processing grain inlo
good quality flour. There is one type of
mill tried by Dr. Gomez of ICRISAT in
Bulawayo which gives flour ofgood qual
ity.

FoftlJla: I am going to talk about cous
cous. In Niger. urban dwellers prefer rice
or maize couscous. We have a big prob
lem w;th sorghum couscous. This is due
to shortage of good quality sorghum
grains. However. last year due to food
shortage there was an increase in con
sumption ofsorghum cO!rn:ous among ur
ban population. And we now have a big
demand for sorghum couscous. Our main
problem as small-scale processors is thaI
ofsupply. We have problem getting good
quality grain from the markets because
major grain buyers purchase most of the
good quality grains immediately after
harvest leaving us, the small buyers. with
grains of low quality. In addition, the
grains we get are often contaminaled w;th
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sand. We also need good equipment for
small-scale processing. There is a cen:aI
processing company called FAMA that
uses good equipment to make rice. maize
and sorghum couscous. In contrast. we
use Imditional methods to produce cous
cous. Despite these problems.. we produce
and market about 100 kg sorghum cous
cous per day. Another major problem
with our operation is dr};ng. It takes three
days to sun-dry the home-made couscous
and because of that we face fermentation
problem. And to avoid fennentation. w'e
are obliged to reduce production to about
25 kg couscous per day. With this level of
produclion. we cannol meet the increas
ing demand for couscous which I should
say is now sold in several supennarkets.

OIl_roil: We need to ba\'e specifica
tion at the breeding step. We need to de
velop varieties suitable for each specific
product and easy to process using existing
mills. The smale-scale commercial mills
that are currently used in Nigerdo not pro
duce good quali\)' flour because most of
the time. Ihev are used for bOlh
decorticalion aDd grinding into flour.
There is also the problem ofquality con
trol. Because the mills are used to process
different types ofcereal grains.. flOUT from
a new batchofgrain is often contaminated
with flour from prev;ous balch. Another
problem IS that of communication or a
lack of it between research instirutiOltS
and food industries. We know that
NAD-I is now accepted by farmers and is
being cultivated throughoul Niger despite
the problem associated w;th its color. The
grain ofNAD-1 has a thin pencarp which
makes il easy to decorticate. However
since the grain has a hard endosperm. il
requires longer decortication time. The
quality of NAD-I flour depends on !be
growing locations. Wben grown in !be
dryer. more arid Tillabery region the
grain of ~AD-I produces flour as while
as wheal flour. However. when il is grown
in the higher rainfall region ofGaya. it is
susceplible to attack by insects and grain



mould. This in turn discolors the grain and
yields flour of low quality. Maybe by
changing the planting date a solution can
be found to this problem. I hope and wish
that with the adoption ofNAD-I, in a few
years Niger would have surplus in grain
production. This surplus grain will have
to find an outlet for farmers to continue to
produce NAD-l and adopt it irreversibly.

Sekou: I represent SNPA, a biscuit and
candy company. First I would like to
thank INRAN for inviting us to this
timely meeting. A major problem we are
facing at SNPA is supply ofour raw mate
rial. Ninety to ninety five percent of our
raw material and packaging comes from
outsideNiger. Our production cost is very
high. In addition, due to recent market lib
eralization, we are facing high competi
tion with similar but much cheaper prod
ucts entering Niger from countries like
Nigeria, Ivory Coast, Ghana, Saudi Ara
bia, and Lebanon. We are therefore very
interested in using locally grown cereals
and that is why this workshop is of the ut
most importance to us. Ofcourse we can
not use these cereals indiscriminately.
That is why I was very happy to see the
question of grain quality being discussed
here. We have previously done some tests
using sorghum flour in the manufacture of
biscuit. However, the quality of the prod
uct was very poor due to the low quality of
that particular sorghum flour. We are
therefore asking the researchers to try to
provide us with good quality grain that
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can be used to produce acceptable biscuit.
Several people in the panel have raised
the question ofgrain supply and surplus. I
would like to mention that at SNPA, de
spite our current difficult situation, we
have an annual need ofabout 70 to 80 tons
ofwheat. This is nota negligible quantity
of imported grain. We could have dou
bled this quantity if locally grown grain
such as sorghum and millet could be used
to replace part ofthe importedwheat. This
means that local producers could easily
find market for 70 to 80 tons oftheir crop
and we in tum would have a much lower
production cost.

Diouf One ofthe main utilization con
straints is lack of consumption of local
products. We all know that consumption
is the dri ving force for processing which
in turn motivates farmers to produce
more. Another problem is that
small-scale processors do not have access
to credit. Also there is a need to organize
entrepreneurs to be good processors.
That is why PROCELOS decided to have
in each country a group of entrepreneurs
and processors that meets on a regular ba
sis to discuss problems related to food
processing.

Obi/ana: Food security involves all
what you are talking about. Utilization of
technologies that have been generated
leads to commercialization which leads to
generation of income.



Panel Discussion

Lee House

Animal Utilization

Day 3 - Session ]

House to fHlne/: Are feed for animals
from within Niger or importedq If im
ported. what type of feed is importedq

Daouda: For poullI)' feed, we use im
ported maize more than sorghum or mil
let. We also import fish. synthetic amino
acids such as lysine and methionine.
wheat bran, peanut pellets and conon
seeds. We import almost everything ex
cept blood that we obtain from the slaugh
ter house, chalk, and bones.

House: How much maize grain is im
ported for use as feed? Are stem. stover.
and hay sufficient in Nigerq

Daouda: Ninety percent of the feed
produced are used to feed poultry. The
other 10"'0 are used for small ruminants.

Dou",a: The annual production ofsor
ghum and millet stem can only laslto feed
the whole livestock for 120 davs. We
therefore have to import considerable
quantity of conon seed and wheat bran.

Idi: According to a survey conducted
by INRAN in 1996. 65% of farmers are
not satisfied with stover and forage pro
duction. There is also a lot of loss due to a
lack of storage facility.
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Femande;: Most ofimponed maize is
not used as animal feed. It is used for hu
man consumption.

Kolo: Using stoveras animal feed leads
to poor soil and desertification. Because
of that soils become less producti\·e. This
is a problem that needs some solution.

ldi: It is a problem that both agrono
mists and animal scientists need to ad
dress. We take nutrients from soil without
restituting. There seem to be some ty-pe of
collaboration between crop farmers and
livestock farmers. Crop farmers let I;\'e
stock feed on crop residues. They in rum
use the manure left by the h\'eslock as fer
tilizer.

Houu: Agronomists ha\'e 10 do their
part to solve the problem by creating new
hybrids.

Abdoulaye: In Niger. there is no differ
ence between crop and livestock farmers.
Most farmers who grow crop also raise
livestock.

Maiga: Dr. Kapran has slarted devel
oping hybrids for forage. This will help
livestock farmers.



Wrap Up Remarks
from the Niger Workshop

By

John Yohe

I wish to express my appreciation to
Dr. Moussa Oumarou, Director General
ofINRAN, Dr. Anand Kumar, Executive
Director. ICRISAT Sahelian Center. hon
ored guests, and all our colleagues from
across Afiica who have made this work
shop a resounding success. I wish to also
acknowledge our sponsoring organiza
tions, INRAN, INTSORMIL, ICRISAT.
ROCAFREMI, ROCARS, the McKnight
Foundation, Rockefeller Foundation,
USAID, and Winrock International. I
have been impressed by the collegiality,
the cooperation ofthe sponsoring organi
zations, the participating institutions, and
the scientists who have come to discuss
and observe the potential for developing
and marketing sorghum and pearl millet
hybrids in West Afiica.

We have learned about the hybrid seed
experiences in other developing coun-
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tries. We have also discussed the current
status ofhybrid sorghum and pearl millet
production in Niger and other West Afii
can countries. as well as the required
bases for successful hybrid seed enter
prises' seed production, training. and seed
marketing. We have gone into the field
and observed first-hand, farmer-man
aged, hybrid-seed production fields ofthe
NAD-I sorghum hybrid here in Niger.
Finally. we pro~;dedan oven;ew ofwbat
is needed in value-added treatment ofsor
ghum and millet grain in order to increase
local consumption and utilization ofthese
two crops.

This has been an excellent experience.
Let us go back to our homes and our re
search laboratories and work on making
hybrid sorghums and millets a reality in
West Africa.
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Fanner's field of Hybrid NAD-2 Sorghum, Lossa, Niger, 1998

Cereal Lab couscous roller, lNRAN, 1998

Solar dryer used in couscous preparation; fNRAN Cereals Lab, 1998

Issofou Kapran and Adam Aboubacar demonstrating
couscous made from Hybrid NAD-2 Sorghum
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AED
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AROC

ARPT

BTC
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CBO

CCB
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CEE

CERRA
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CILSS

ClMMYT

ClRAD

CLDB

CMDT

CMS

CNRST

CRR

CRSP

Acronyms

Association pour Ie Developpemenl du RI2 en Afrique de rQuest

Academy for Educational Developmenl (FAFSA)

Administration Generale de la Cooperation au Developpement

Le AmenagemenlS Hydro-Agricoles

Agricultural Refinance and Developmenl Corporation

Adaptive Research Planning Teams

Basic Training Cenler

Central Africa or Central America

Community-based Organizalion

Central Cooperative Bank

Christian Children's Fund

Communaute Economique Europeene

Centre Regional de Recherches Agronomiques
(INRAN Regional Research Center)

Communaute Financiere Africain

Comite Permenenle Inler-elllls de I. Lune Cootre la secheresse dans Ie
Sahel (Interstate Comminee to C<lltlbal Drought in lbe Sahell

Centro IntC:macional de Mejoramieoto de Maiz y Trigo
(lnlernalional Mais and Wheat Improvement Center)

Centre de Cooperation International en Recherche Agmnomique pour
Le Developpement

Central Land Development Bank

la Compagnie Malienne pour Ie Developpement des Textiles

C}1oplasmic male-slerility

Centre National de Recherche Scientifique et Technologique

Cash Reserw Ratio

Collaboralive Research Suppon Pmgram
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IARCS International Agricultural Research Centers

mRD International Bank for Reconstruction and Development

ICAR Indian Council of Agricultural Research

ICRISAT International Crops Research Institute for !be Semi-Arid Tropics

IDA International Development Agency

IDB! Industrial Development Bank of India

IER Institut d'Economie Rurale, Mali (University of Rural Economy)

IFAD International Fund for Agricultural Developmenl

nCT Indian Institule ofChernicai Technology

UTA International Institute ofTropical Agriculture

INERA Institul O'Etudes et de Rechen:hes Agricoles

INPHO Information Network on Post-Harvest Operations

INR Indian Ruppec

INRAB Institut National de Rechen:he Agronomique du Benin

INRAN Institut National de Rechen:hes Agricoles du Niger
(Nigerien National Institute of Agricultural Research)

INSAH Institut du Sahel (Institute of !be Sahel)

INTSORMIL International Sorghum And Millet - Collaborative Research Suppon
Program

IP Irrigated Perimeter

IPR Institul POI}1echnique Rural, Katibouqou

IRAT Institut de Rechen:hes Agricoles Tropicales

IRDP Integrated Rural Development Project

ISRA Institute SenegaIai. de Rechen:he Agricole

1STA International Seed Testing Association

IVH Inbred x variety hybrids

LAMPS Large Sized Adivasi Multi-Purpose Societies
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NRM

~SC

NSP

~SS

NVRM

OFPEP

OFSP

ONAHA

ONG

OPVs

~UA

PAAT

PACS

PCN

PCU

PDASN

pm

PLDB

PNACS

PPCL

PROCELOS

PSC

PSI

PVO

QDS

National Research Institute

NatwaI Resources Management

National Seeds Corporation

National Seed Project

National Seed s.:r-ice

National Variety Release Mechanism

On-Fann Productivity Enhancement Program

On-Fann Seed Project

Office National des Amenagements Hydro Agricoles

Organisarions Non Gouvemementales

Open-pollinated varieties

Organization for African Unity

Produits Agroalimentaires Transformes

Primary Agricultural Credit Societies

Projet Cerealieer !'ational (National Cereals Project)

Provincial Co-operative Union

Projet de Developpement de I'Activire Semenciere au Niger

Ptoduit Interieur Brut (Gross Internal Product)

Primary Land Development Bank

Primary Non-Credit (Multi-Purpose) Activities Credic Societies

Projet de Promotion de CereaJes Locales (Project on Local Cereals)

Projet de Promotion des Cereales Locales au Sabel

Private Seed Companies

Particle Size Index

Private Voluncary Organization

Quality Declared Seed
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SPU

SSCs

ssa

ST

STRC

SW

TADD

TCH

UN

UNDP

USAID

WA

WASHAT

WCASRN

WVI

ZAMSEED

ZCF

Z1MCO

ZSPA

Systeme National de Recherche Agrooomique
(National Agronomic Research System)

Strategic Objectives

Seed Production Unit

State Seeds COIJlOI1Itions

Seed Control and Certification Institute

Scbeduled Tnbes

Scientific and Technical Research Commission

SvalofWeibuil AB

Tangential Abrasive Dehulling Device

Topcross hybrids (male sterile x open-pollinaled variety)

Uniled Nations

United Nations Development Programme

United States Agency for International Development

West Africa

West Africa Sorghum Hybrids Adaptation Trial

West and Central African Sorgbum Research Networi:

World Vision International

Zambia Seed Company Limited

Zambia Co-operative Federation Limited

Zambia Mining and Industrial COfJlOI1Ition

Zambia Seed Producers Association
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Dr John AxteU

Les presents comptes-rendus de
l'atelier de travail sur les semences
bybrides de sorgho et de mil en Afrique
Occidentale sont dCdies ala memoire du
Dr Jobn Axtell en I'bonneur de SOn
impressionnante contribution i
I'INTSORMIL et a la rechercbe
intemationale sur Ie mil et Ie sorgho.

Dr John Axtell etait un scientifique
remarquable, membre de l'Academie
Nationale des Sciences et run des
fondateurs de I'rNTSORMIL CRSP. II
est subitement decede Ie 2 decembre
2000. Ses accomplissements sont
impressionnants et sont la marque de son
devouement au developpement et ala re
cherche a I'echelon international. ('est
avec une grande fierte que nous. a

I'INTSORMIL, nous pubJions ceDe lisle
des progres realises dans I'amelioration
du sorgho grain aux Etats-Vnis et dans les
pays en voie developpement par Ie Dr
John Axtell.

Dr Axtell et ses etudiants ont ete les
premiers a monue que les tannins avaient
un elfet negatif sur la disponibilite des
proteines et par cOnsCquent sur la valeur
nutritive du sorgho. CeDe decouverte a
entraine une reorientation des
programmes de selection du sorgho a
travers Ie monde en faveur de vanetes a
plus faibles teneurs en tannins. Ainsi
tOUles les vanetes de sorgbo selectionnees
et commercialisees pour la
consommation hurnaine au cours des 10-



15 dernieres annees appartiennent a la
classe des faibles en tannins.

• La decouverte de I'effet negatifdes
tannins sur la nutrition hurnaine a
incite les scientifiques, a savoir
biochimistes, geneticiens et
nutritionnistes a entreprendre des
etudes approfondies des tannins et
autres composes pMnoliques dans
Ie sorgho et les produits
alimentaires derives.

• Dr. Axtell a ouvert la voie aux
travaux de recherche qui ont abouti
a l'identification de mutants
natureIs et induits de sorgho ahaute
teneur en lysine.

• Dr. Axtell et ses collegues ont
effectue toute une serie d'etudes qui
demontrent clairement que les
methodes de preparation des ali
ments peuvent avoir un effet
considerable sur la digestibilite des
proteines de sorgho. lIs ont mis au
point des techniques d'evaluation
in vitro de la digestibilite des ali-

ments a base de sorgho. Puis en
appliquant ces techniques in vitro,

ils ont montre que les proteines de
diverses cereales se comportaient
differemment ala cuisson et que la
cuisson etait responsable de la plus
faible digestibilite du sorgho.
Dr. Axtell a largement contribue au
developpement de germplasme a
I' echelle mondiale. Les varietes et
les popu la tions de sorgho
selectionnees par Dr Axtell et ses
collegues ont ete liberalement
distribuees aux divers programmes
de recherche nationaux et aux cen
tres de recherches agronomiques
internationaux dans lesquels elles
ont ete incorporees et ont largement
servi a la selection de varietes et
d'hybrides.

• Au cours de sa longue et productive
carriere, Dr Axtell a forme de
nombreux etudiants et par Ie biais
de leurs recherches, son heritage
s'etend sur I'ensemble des
Etats-Unis et de nombreux pays
etrangers.
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PREFACE

Le sorgho et Ie mil sont les deux
cen:ales les plus importantes en Afrique
Occidentale. Elles y representent en effet
70 % de la production cerealiere totale qui
constitue la ration de base des peuples vi
vant dans cene region. Les progres
realises dans l'amelioration du sorgho et
du mil sont par consequent d'une impor
tance vitale pour Ie bien-etre des popula
tions de l'Afrique Occidentale. L'atelier
de travail sur la semence hybride de
sorgho et de mil represente
I'aboutissement de 10 annees d'effons de
recherche et de developpement par
l'lnstitut National de Recherches
Agronomiques du Niger (INRAN), Ie
Programme international d' appui aux
recherches concertees sur Ie sorgho et Ie
mil (INTSORMIL - International Sor
ghum and Millet Collaborative Research
Support Program) et l'lnstitut interna
tional de recherche sur les cultures des
zones tropicales semi-arides (ICRISAT 
International Crop Research Institute for
the Semi-arid Tropics).

L' atelier a servi de forum pour la
presentation de l'experience acquise en
matiere de selection, de mi,e sur Ie
marche et de diffusion de NAD-I. Ie pre
mier hybride commercial de sorgho au
Niger. Cet hybride represente une etape
importante de l'histoire agricole au Niger
et peut-etre de toute I' Afrique
Occidentale. L'atelier a rassemble des
scientifiques specialistes du sorgho venus
de toute l'Afrique, des Etats-Unis, de
l'Inde et de l'Europe. M. B.R. Barwale,
recipiendaire du prix mondial de
l'alimentation en 1998 et reconnu comrne
Ie fondateur de l'industrie des semences
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en Inde nous a fait l'honneur de participer
aI'atelier et de raconler son experience au
cours d'un expose intitule « L'experience
de production de semences hybrides dans
les pays en voie de developpement ...

Les travaux de recherche qui ont ete
presentes et discutes pendant cet atelier
etablissent la valeur du modele de
recherches concertees pour les sciences
agronomiques tandis que I'atelier
consigne l'utilite de la collaboration entre
les scientifiques des programmes
nationaux, de I'INTSORMIL, de
l'ICRISAT d'une part et les effons de co
ordination des reseaux regionaux
ROCAFREMI et ROCARS d'autre part
pour la mise au point et la promotion des
nouvelles technologies pour la produc
tion etl'utilisation du sorgho et du mil en
Afrique Occidentale.

Plusieurs scientifiques ODt contribue
de maniere significative a celie
experience. NAD-I est Ie resultat de
recherches en partenariat entre Ie Dr
Issoufou Kapran (INRAN) et Ie Dr
Gebisa Ejera (INTSORMIL). Dr John
Axtell, coordinateur de l'INTSORMIU
Niger a dirige l'effort fondamental de
mise en place d 'une industrie des
semences hybrides au Niger. Dr Issoufoo
Kapran et Dr Lee House (un conseiller
aupres de I'INTSORMIL) se sonl
achames afaire de la production et de la
distribution de la semeDce de sorgho
hybride un fait pour les agriculteurs
nigeriens. lis onl promu "AD-I et
demontre la faisabilite ainsi que la
profitabilite de la production de semence
hybride de sorgho au Niger.



La production de semence hybride
necessite un effort a plusieurs niveaux
pour transfonner I' entreprise publique de
production de semence de varietes
actuelle en des initiatives privees mieux
adaptees ala production et la commercia
lisation de la semence hybride. Au Niger,
on s'est efforce de mettre en place une
capacite et un savoir-faire locaux de pro
duction et de commercialisation de la
semence hybride. Les petits exploitants
ant ete organises et fonnes afin qu'ils
deviennent des producteurs de semence
competents. Le secteur prive au Niger as
sume de plus en plus la responsabilite de
la production et de la commercialisation
des semences. Ce processus a ete lent
mais delibere et il servira probablement
d'exemple aux autres pays d' Afrique
Occidentale.

Au nom de l'INRAN et
I'INTSORMIL, je tiens II remercier
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I'ICRISAT, Ie ROCAFREMI, Ie
ROCARS. la Fondation McKnight, la
Fondation Rockefeller, I' Agence
Americaine pour Ie Developpement In
ternational et Winrock International pour
leur co-parrainage de cet atelier et pour
les indemnites de deplacement et de par
ticipation qu'ils ont accordees aux partici
pants internationaux acet atelier, ce qui a
pennis II cet atelier d'etre une reussite
totale. En tant que directeur des
programmes de I'INTSORMIL, il m'est
particulierement agreable de constater
que notre programme est associe acette
etape tres importante de I'histoire du
sorgho et du mil au Niger et en Afrique
Occidentale.

JohnM. Yohe
Directeur des programmes
de I'INTSORMIL



Lundi 28 septembre 28 - Premier seance

Avantages offerts par les bybrides aI'agriculture
de I'Afrique Occidentale - Remarques preIimioaires

Mo("~rateur - Jobn D. Axtell,
INTSORMIUPurdue Univenity

1'1 ,



Discours de bienvenue

M.Oumarou
Diredeur General de I'NRAN

Monsieur Ie Ministre d'Etat,
Monsieur Ie Directeur du Programme INTSORMIL,
Monsieur Ie Representant-resident de nCRlSAT,
Honorables Invites,
Mesdames, Messieurs,

L'lNRAN par rna voix adresse toutes
ses felicitations aux organisateurs de
I'atelier regional sur les semences
hybrides de sorgho et de mil. et ses
remerciements atous les representants du
monde scientifique et du developpement
agricole qui ont accepte de sacrifier une
partie de leur temps precieux pour
repondreanotre invitation. A tous les par
ticipants, nous souhaitons une
chaleureuse bienvenue aNiamey.

L'INRAN est un jeune instirut de re
cherche agronomique, cree seulement en
1975.Dans Ie contexte de I'en\;ronne
ment sahelien, il a la tres lourde
responsabilire de travailler pour parvenir
i I'autosuffisance alirnentaire au Niger.
Nous avons tres vite accepte cette verite
fondamentale qu'est I'importance des
semences ameliorees pour signifi
cativement augmenler la production
agricole, En concertee tanl qu'institut, la
recherche collaborative nous est apparue
comme I'une des approches de travail les
plus appropriees. Ie vais donc reconnaitre
ici et remercier sincerement Ie
programme international de soutien a la
recherche sur Ie sorgho et Ie mil
(INTSORMIL) et I'institul international
de recherche sur les culturesdes tropiques

/3

semi-arides (ICRISATI. pour leur
presence anos cotes des Ie depart et leur
persistance acontinuer avec nous Ie long
mais produclif chemin de la recherche
agronomique.

C'est probablemenl dans Ie domaine
du developpement des varietes
ameliorees que des resultats notables ont
ele Ie plus souvent enregistres, en
particulier pour Ie miL'sorgho. Ainsi. Ie
demier catalogue varietal de n~RA1\

decrit-il plus d' une quinzaine de "arietes
arneliorees de ces <leu, cultures.

Beaucoup d,elforts et de financemellls
ont ete consentis par les etats et les
bailleurs de fonds intemationaux afin
d'sssurer une bonne diffusion des
semences en milieu rural. l'incidence de
laOl d'iniliatives sur la production
agricole totale resle pourtaOt faible dans
nos etats saheliens. eela est dU en grande
partie a "absence d'une filiere \;able de
multiplication et distribution des
semences. C'est a nons chercheurs que
re\;ent la responsabilite de remedier a
cette siruation. En eifel. tant que des
semences de bonne qualite DC sont pas
produites en quantile suffisante pour
couvrir les besoins narionau., de maniere



significative, la valeur des varietes
ameliorees restera plutot academique. A
ce sujet notons que comme point de
depart d'un secteur semences efficace, il
faudrait que tous les intervenants,
producteurs, consommateurs,vulgari
sateurs, chercheurs et decideurs,
s'accordent pour accepter que semences
et graines ne sont pas des termes
synonymes.

L'INRAN s'est engage resolument
dans la promotion~ notamrnentatravers 1a
formation, d'un systeme de multiplica
tion des semences dont Ie premier critere
est Ia qualite. Des infrastructures
appropriees ont ete mises en place pour
assurer la production de semence
amelioree de bonne qualite par des
producteurs specialises. Ces investisse
ments anI ele d'autanl plus valorises que
des varietes de sorgho et de mil hybride
hautement productives et adaptees ant ete
mises au poinl par nos institutions grace a
volre precieuse collaboration. Parce que
la productivite des hybrides contribue a
resoudre Ie probleme de la penurie
alimentairc el que leur production est une
source plus sure de profit pour les
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produclurs, les hybrides peuvent
aisemenl servir de moleur a I'installalion
d'un secteur semences viable au plan na
tional. Ceci sera d'aulant plus durable que
des produils de consommation comme Ie
couscous de mil et de sorgho, seront
localement confectionnes et acceptes par
les consommaleurs locaux. Ce sonlla les
grandes !ignes de I'approche dynamique
que I' INRAN propose et qui rencontre
deja une bonne reception au pres de la
plupart de nos partenaires.

Nous esperons que tous les participants
auronlI'occasion d'echanger leurs points
de vue et d'observer Pes resultats de nos
recherches concertees Pors des visites en
champ. Ces efforts devraient etre
apprecies a leur juste valeur, afin que la
recherche agronomique retrouve sa place
de moteur de developpement, et que Ie
soutien necessaire a nos institutions
parvienne au moment opportun.

Une fois de plus permettez-moi de
vous souhailer un agreable sejour parmi
nOlls.

Merci



Discours d'ouverture

SoD exceUence., Omar ldi Engo
MiDistn d'Etat

Ministre de I'Agriculture et de l'Elevage

Monsieur Ie Directeur du Programme lNTSORMIL,
Monsieur Ie Directeur du Centre SahIHien de I'ICRISAT,
Monsieur Ie Directeur GeneraI de I'INRAN,
Messieurs les Representants des Organisations Intemationales,
Messieurs les Representants des Associations de Producteurs,
Honorables invites,
Chers participants,
Mesdames, Messieurs

Je voudrais tout d'abord m'acquilter
d'uo agreable devoir, celui de vous dire
combien la presence parmi nous
d'eminentes personnalites scientifiques,
nous rejouit, et de souhaiter a tous, au
nom du peuple et du gouvemement
nigCriens, la bienvenue au Niger.

C est pour moi un reel plaisir de
proceder a l'ouvenure de I'atelier
regional sur les sernences hybrides de
sorgho et de mil. Le peuple du Niger et
son gouvemement sont sensibles a
l'insigne honneur qui leur est fait, d'etre
les botes de celie reunion qui cadre
parfaitement avec les objeclifs
primordiaux du gouvemement et du
peuple nigeriens a savoir la securite
alimentaire.

Le mil etle sorgho constituent les deux
principales cereales alimenlaires du
Niger. cultivCes annuellement sur plus de
sept millions d'hectares. Cependant, nous
connaissons regulierement des deficits de
production occasionnes par I'emploi de
varietes peu productives dans un
environnement naturel de plus en plus
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hostile. II y a done Ii matiere i reflexion,
comple tenu des besoins alimentaires
grandissants d 'une population qui croit au
taux anouel de 3 %.

Nous suivons de pres el essayons au
mieux de soutenir les travaux de I'Institut
National de la Recherche Agrooomique
du Niger (INRAN). Des efforts certains
ont ete faits et des resultats pratiques ont
l:tl: obtenus dans les domaines de
I'aml:lioration varietale et la production
de semences. Ainsi. dans les conditions
difficiles oil Ie mil et Ie sorgho sont
cuItires au Niger. les varieti:s bybrides
sont plus performantes que les \1Irieti:s a
Rcondation. EI nous sommes conscients
que les varietes amelion:es sont comme
les engrais, p 'eau et les produsts
phytosanitaires, indispensables it
I'amelioration de la productivite
agricole.C'est avec fiene que nous
enregistrons que ces resultats ont ete
obtenus au Niger. Je tiens a teliciter la
longue collaboration entre I'INRAN.
I'INTSOR.MIL el I'ICRISAT qui ont,
tous trois contribue acelie reussile.



La modernisation de I'agriculture
contribue grandement a la lutte contre la
pauvrete. Elle est un element
fondamental du developpement
economique national. De par Ie monde,
celte modernisation est fortement
tributaire de la disponibilite des varietes
ameliorees et de I'existence d'une fi\iere
fiable de commercialisation des
semences. Les eminents experts,
chercheurs ct producteurs reunis dans
cette salle auront certainement a echanger
leur savoir et leurs experiences afin de
cemer les tenants et les aboutissants de la
diffusion des semences hybrides de
sorgho et de mil au Niger. Vous aurez
notamment a explorer les aspects de la
production, du conditionnement et de la
commercialisation des semences
hybrides, ainsi que la vaste gamme des
utilisations humaines et animales d'une
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production agricole accrue. II est en effet
crucial que la transformation moderne des
grains soit developpee afin d'absorber les
excedents de production et d' assurer la
durabi\ite de lOute la filiere.

Je suis conscicnt que vaus connaissez
mieux que moi les problemes que j 'ai
rapidement evoques. Je sais que vous
analyserez avec soin la vraie valeur de la
technologie des hybrides et de la produc
tion de semences. Je ne doute pas non plus
que vous mettrez aprofit les joumees de
debats pour faire des propositions
pertinentes, rea\istes et adaptees au milieu
agricole nigerien et aux aubres pays du
Sahel.En souhaitant plein succes avos
travaux. je declare ouvert I'atelier
regional sur les semences hybrides de
sorgho et de mil.



Remarques preliminaires

John D. AxleD

Monsieur Ie Ministre d'Etat i1I'Agriculture et I'Elevage
Monsieur Ie Directeur General de I'lNRAN
Monsieur Ie Directeur du programme INTSORMIL
Monsieur Ie Directeur General du Centre Sahelien ICRISAT
Chers invites
Mesdames. Messieurs,

Bienvenue au premier Atelier Africain
Occidental sur les Semences Hybrides de
Sorgho et de Mil. Cet atelier represente
I'aboutissement de 18 annees d'effons
par I'lNRAN en collaboration avec de
nombreux scientifiques de I'agriculture et
de nombreuses organisations de recher
che.

Je ne peux toutefois manquer de
reconnaitre Ie role tres imponant joue par
Dr Issoufou Kapran et ses collegues de
I'INRAN et I'lNTSORMlL. Leur vision
audacieuse du futur du sorgho hybride au
Niger, et la reponse enthousiaste des
agricuheurs iI travers tout Ie Niger iI
I'hybride NAD-I lors des journees
pone-ouvene, ont fortifie notre foi que
nous pouvions et que nous devions
resoudre les problemes de la production
de semence hybride au Niger. Nous
avons la chance d'avoir des chercheurs
des Indes, du Soudan, de la Zambie et du
Nigeria presents iI notre alelier qui nous
feront pan de leur experience en matiere
d'hybrides plus lard ce matin.

La recherche qui nous sera presentee
celte semaine represente un tribut enorme
iI I'interet du modele de recherche
concertee dans les sciences
agronomiques. La recherche concertee
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entre des scientifiques de programmes
nationaux, des chercheurs des universites
americaines et de I'lNTSORMlL et les ef
forts de recherche coordonnee
representes par les reseaux regionau:"
ROCAFREMI el ROCARS ont abouti iI
I'etablissernent de la premiere base solide
pour Ie developpement des hybrides de
sorgho et de mil en Afrique Occidentale
Sahelienne. Parailleurs, un soutien finan
cier irnponant a ete octroye par la
fondation McKnight au Dr Kapran et
I'INRA,X pendant les phases de recherche
et de developpement qui ont abouti a
I'hybride NAD-1.

Nous sommes confiants que eene tete
de pont que Dr Issoufou Kapran et Dr Lee
House ont mise en place grace a leur
perseverance et leur dhouement se
developpera et s'etendra. Cest un bon
debut, rnais c'est seulement Ie debut de ce
qui doit devenir un effon soutenu a
travers loute la region. De nombreu.,<
defis doivent etre releves et de nombreu.,<
problernes restent aIisoudre. Mais nous
sommes pousses par Ie fait que Ie sorgbo
et Ie mil constituent les denrees de base
des populations pauvres habitant dans les
regions tropicales semi-arides OU les
secheresses detruisent trequemment les
aulTeS productions ,·egetales. Ces deux



cereales sont essentielles en Afrique
Occidentale ou eUes constituent 70 % de
la production cerealiere totale.

En Afrique du Nord, elles constituent
(8 - 91 %) de la nourriture de base totale
pour plus de 216 millions de personnes.
En Afrique Orientale, elles assurent 30 %
de la production cerealiere totale tandis
qu' en Afrique du Sud et Centrale elles
representent 9 - 85 % de la nourriture de
base totale de plus de 126 millions de
personnes. En outre, ce sont deux cul
tures essentielles pour plus de 2,1 mil
liards de personnes en Asie,
principalement en Chine et aux lndes.

Le sorgho et Ie mil sont donc les deux
plus importantes productions cerealieres
cultivees pour se nourrir en conditions de
culture seche avec peu d'investissement
par les habitants des regions semi-arides
de I'Afrique et du sud de I'Asie. Au cours
des 35 demieres annees, la superficie
plantee en sorgho a presque double en
Afrique tandis que les rendements
restaient en moyenne de 800 kglha. Le
meme phenomene s'observe pour tous les
mils en Afrique, la superficie cultivee
ayant augmente de 50 % sans que les
rendements de 620 kg ha-1en moyenne et
plus variables que pour Ie sorgho ne
changent de fa90n substantielle. A
I'inverse aux Indes pendant cette meme
periode, la superficie cultivee en sorgho a
diminue de 37 % tandis que les
rendements ont augmente de 80 %
(desorrnais environ 880 kg ha-1

)_ De la
meme maniere les superficies cultivees en
mil ont diminue de 28 % et les rendements
ont au~ente de 75 % (desorrnais ±720
kg ha- ; USDA, 1997)_ L'utilisation de
varietes hybrides et une importance aug
mentation de la recherche genetique sont
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les causes principales de I'augmentation
des rendements aux lndes. Nous sommes
ravis de la presence de M. Barwale it notre
atelier, il nous fera part de son experience
de pionnier de la production de semences
hybrides aux Indes. M. Barwale est Ie
fondateur et Ie directeur general de
I'entreprise de semences Mahyco
laquelle a contribue au deroulement de
cette remarquable histoire aux Indes. M_
Barwale a re9u Ie prix mondial de
I'alimentation de 1998 pour son travail de
pionnier du developpement du secteur
prive de la production de semences aux
Indes.

Nous connaissons taus, les benefices
que la vigueur hybride a apportes dans les
autres regions du monde. Nous savons
maintenant que l'Afrique Occidentale
peut profiter de ces memes benefices.
Mais nous savons aussi que
I'augmentation benefique des
rendements peut se traduire par des
reductions severes du prix de vente des
cereales pour les agriculteurs
producteurs. Les organisateurs de
I'atelier ont accorde autant d'importance
aux efforts de recherche et de
developpement portant sur I'utilisation de
ces cereales, ce qui permettrait aux
agriculteurs de profiter de I'augmentation
de la productivite.

Les efforts de recherche et de
developpement dans Ie domaine de la
technologie cerealiere des grains de
sorgho et de mil ont beaucoup de retard
sur ceux accomplis pour les autres
grandes cereales_ La recherche sur
l'utilisation de ces cereales doit aug
menter si I' on veut pouvoir fournir des
produits acceptables it valeur ajoutee it
une population de plus en plus urbaine.



Quelques Iravaux de recbercbe
encourageanls sonl en cours dans
plusieurs laboraloires de I'Afrique
Occidentale el nous devons faire loul no
tre possible pour que ces efforts soienl
soUlenus eI inlensifies. A mon avis, l'un
des plus grands facleurs de dissuasion du
financemenl de la recherche sur Ie sorgho
elle mil est Ie manque de produits a base
de sorgho el de mil pratiques eI delicieux
dans les villes oil habitent tous les
preneurs de decisions.

II existe toute une sene de questions
dont il faul parler a savoir la recherche sur
les hybrides, la formation ala production
de semences et ala qualite des semences,
Ie financemenl, la commercialisation ella
distribution des semences, les lois el les
reglements gouvemementaux relatifs aux
semences. Nous avons la cbance d'avoir
ici presents des experts dans chacUR de
ces domaines pour mener nos discus
sions. Mais votre participation el votre
expertise esl necessaire ala reus.ile de Cel
atelier. Nous avons accompli un debut
imponant mais iI resle encore beaucoup a
accomplir.

Par consequenlles objeclifs de cel ate
lier comprennenl liret parti de I'avantage
offert par I'augmentation des rendemenls
des varieles hybrides de sorgho el de mil
et relever Ie deci d'assurer
I'approvisionnemenl des agriculteurs de
I'Afrique Occidentale en semences
bybrides de qualile dans des delais
adequals el a un prix raisonnable.
L'experience acquise a travers Ie monde
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demonlre que la meilleure fa~on

d'achever ces objectifs est par
I'inlermediaire d'UR secleur prive de pr0

duction de semences sous reglementation
gouvemementale appropriee. Les autres
pays en voie de developpemenl qui ont
releve el solulionne ces defis nous
foumirons un guide. Comment modifier
ce guide el I'adapter aux conditions de
I'Afrique Occidentale? Voila notre defi,

Les vlSles superficies cultivees en
sorgho el mil en Afrique ont encore a
profiler de I'emploi de I'helerosis, Nous
sommes convaincus que I'emploi de
I'helerosis ou vigueur hybride jouera un
role majeur dans la prochaine revolution
agricole : la revolution de la culture seche
resultanl de I'augmentalion des
rendements des cultivars hybrides de
sorgbo et mil en Afrique Sahelienne.
Demarrons aujourd'hui et ici celte
revolution el laissons les historiens noter
que cet atelier etablit les bases pour une
amelioration significative des conditions
de vie des populations habitant dans les
regions tropicales semi-arides du globe.

Purdue University,l'universite d,ooje
suis originaire est aussi I'universite
d'origine d'UR Americain tres reoomme.
Neil Amstrong, Ie premier homme a
marcher sur la lune. Au momenl aU il est
sorti de sa capsule spatiale il a dit et je cite
« Un petil pas pour un homme. une
enjambee de gemt pour I'humanire »,
Faisons decel alelierun petil pas en direc
tion de grands progres dans la liberation
des peuples du Sahel de la faim.



Introduction des Groupes de Travail

Ce que L'INRAN attend de I'atelier regional
sur les semences hybrides de sorgho et mil

Dr Moustapha Amadou
Directeur Scientifique INRAN

L'INRAN est une institution tn:s jeune
qui a pour mission ultime d'apporter des
solutions techniques aux problemes de
developpement rural dans les domaines
des productions vegetales, animales et
halieutiques, la gestion des ressources
naturelles et les systemes de production,
II s'agit d'une mission delicate, dans un
contexte economique peu favorable et un
milieu naturel tres hostile, celui de la zone
sahelienne, Neanmoins, grace a une
equipe de chercheurs devoues, Ie soutien
de I'etat et celui de nombreux partenaires
de la recherche, I'INRAN tente toujours
de perfectionner sa contribution au
developpement de I 'agriculture
nigerienne. La production des semences
hybrides de mil et de sorgho, leur
conditionnement et leur commerciali
sation, qui font l'objet de cet atelier,
representent une composante clef de la
production agricole.

Au Niger, il a ete mis au point des
varietes ameliorees tres performantes de
mil et de sorgho (NAD-I) dont il s'agit de
produire les semences d'une maniere
adequate (quantite et qualite suffisante,
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respect des normes techniques) et ceci
dans un contexte OU il n' existe pas
d'entreprise modeme de production de
semence.

Nous disposons egalement d'un proto
type de chaine de production de couscous
abase de mil et de sorgho (decorticage,
production de la farine, roulage, cuisson
et sechage) ; ce prototype merite d'etre
vulgarise pour que I'on puisse mieux
transformer les excedents en grain de
cultivars ameliores.

Nous voulons done Ocouter les conseils
et commentaires des experts presents I ci
sur la manier d'ameliorer Ie secteur
semences au Niger. A cette fin, deux
groupes de travail, un sur la production
des semences et I' autre sur la transforma
tion, auront pour tahe d'etudier et d'
ameliorer nos propositions. Chaque
groupe deura serfeusement examiner les
documents proposes et les amender afin
qu' ils puissent etrie soumis a
I'approbation de I'etat et d'autres
bailleurs de fonds.



Pourquoi des hybrides?

A. Bruce Maunder

Introdnction

L'agriculture et I'amelioration des
plantes ont evolue par paliers plutot
discontinus tout au long des 10.000 ans de
la dependance organisee des etres
humains vis-a-vis des productions
vegetales. En supposant que nous
pouvons desormais en tOUle confiance
considerer que nous vivons dans I"ere de
la Revolution Scientifique telle que "a
decrite Plucknett (1991 ), qui couvrirait de
1950 a nos jOUTS, nous sommes passes
d'une agriculture manuelle a one agricul
ture dependante de la Traction animale,
puis bien sUr au COUTS de ce siecle a une
agriculture mecanisee. Dans Ie meme
temps, les plantes cultivees ont ete
ameliorees d'abord par Ie biais de la
selection naturelle puis par la selection
exercee par les cultivateurs en faveur des
caracteristiques les plus recherchees.
Celie periode de temps plutot longue a
seulement ete interrompue par la
decouverte des Lois de I'heredite de Men
del au debut du 20,m, siecle. Les
ameliorateurs des plantes ont alors
elabore les principes de base de
I'amelioration des plantes modeme et
explique Ie phenomene de I'hybridation
qui tout recemment a ete actualise grace a
I'outil Ie plus nouveau de I'amelioration
des plantes a savoir la biotechnologie.

La \;gueur hybride s'est montree de
loin I"outille plus productifet Ie plus rent
able economiquement de la revolution
scientifique au niveau agricole. Bien que
Ie mals ~oive Ie plus d'attention en
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matiere d'hybrides, Ie sorgho. Ie mil, Ie
toumesol, Ie riz et la luzerne ainsi que de
nombreuses productions legumieres,
Maunder (1998), ont aussi largement
beneficie de I'hybridation. Shull en 1914
a propose Ie terme « heterosis .. dont la
meilleure description est la vigueur
hybride. L 'heterosis resulte du
croisement de deux plantes differentes
(au sein d'one meme espece) produisant
un hybride superieur quant a la
croissance, la taille, Ie rendement ou la
vigueur totale. La valeur de I"heterosis
depend de la facilite avec laquelle
I'hybridation est realisee et de la justifica
tion du cOlit modere de la production de
semences par I' accroissement des
rendements ainsi que par I"amelioration
d~autres caracteristiques agronomiques.

Avantages des b~'brides

L'augmentation des rendements en
grain est non seulement one manifestation
oniversellement reconnue de la \;gueur
hybride mais represente aussi la
realisation la plus importante de
I"amelioration des plantes en matiere de
productivite accrue. Dash (1983) lOTS de
son discours d'introduction a I'atelier de
Travail sur les hybrides de sorgho en ass0

ciation avec I'introduction du premier
hybride commercial pour I'Afrique
sahelienne, Hageen Dura - I. a mentionne
one performance au champ de 1580

0 par
rapport a la variete locale SODS irrigation
et de 150% par rapport a la variete locale



cultivee SOuS pluie au Soudan. Ejeta
(1983) au cours du meme atelier de travail
a cite les resultats de 27 essais de
rendement sur 4 ans dans lesquels les
hybrides ont produit 50% de plus que les
varietes locales (populations) laissees en
fecondation libre. Quinby (1963) a
montre que RS 610, Ie premier hybride de
sorgho it etre largement cultive aux
Etats-Unis produisait un excedent en
grain de 82 pour cent par rapport it la
moyenne de ses deux parents mais ne
produisait que 31 pour cent en plus de
masse vegetative (plante sans les grains).

port it 9,0 kg/ha pour les varietes cultivees
au cours des 41 ans precedents (Tableau
2, Fig. I). Le sorgho et Ie tournesol
presentent des gains annuels respectifs de
58,4 et 43,0 kg/ha alors que l'analyse des
varietes cultivees anterieurement aux
hybrides a revele des diminutions
annuelles des rendements de -7,5 et -0,4
kg/ha respectivement pour ces deux pro
ductions vegetales (Fig. 2,3).

Tableau 2. Evolution des rendements des
principales cereales et des
principaux oleagineux en Argen
tine, 1910_1994

Nider et al. (1995, non publie), en
utilisant les chiffres du Ministere de
I'Agriculture argentin de 1910 it 1994, ont
trouve un gain annuel pour les mais
hybrides de 57,9 kg/ha sur 44 ans par rap-

Doggett (1967), base en Ouganda, a
evalue les hybrides de sorgho H x 57 et H
x 58 au cours de 123 essais en Afrique
orientale (Tableau I) et a obtenu un
accroissement moyen des rendements de
35,8%. Ont aussi ete presentes des
resultats en provenance du Zimbabwe,
des Indes et des Etats-Unis, representant
268 autres essais, qui montraient de la part
des hybrides un accroissement des
rendements variant entre 28, I% et 53,7%.

Comparaison des rendements en
tre les hybride et les anciennes
varietes cutivees. H. Doggett. 1967,
Onganda

Nature, Vol. 216,N'5117

-0,36
43,00

-7,52
58,43

1929-80 varietes
1981-94 hybrides

1954-65 varietes
1966-94 hybrides

Tournesol

Sorgho

Donnees du Ministere de rAgriculture argentin

Production Annees et type kglhalan
Mars 1910-50 "arietes 9,00

195 J-94 hybrides 57.92

Aux ElaIS-Unis, les augmentations de
rendement obtenues dans les annees 1990
par rapport aux moyennes de reference
sur dix ans de 1930-1939 sont plus
elevees pour les varietes hybrides de mais
et de sorgho que pour les varietes non
hybrides de ble, de coton et de soja, soit
cinq fois plus eJevees pour les hybrides
contre 2,6 fois plus elevees pour les
varietes non hybrides. Quinby (1973) a
pose I'hypothese qu'une combinaison de
vigueur hybride, d' irrigation et d 'une
meilleure fertilisation avait amene la pro
duction de sorgho grain americaine de
63,6 millions de quintaux a203,6 millions
de quintaux depuis I'avenement des
varietes hybrides. Ainsi les hybrides non
seulement accroissent initialement les
rendements de 20 - 40% mais aussi

123
64

76
128

Nombre
d'essais

35,8
53,7

34,1
28,1

% d'augmentation
du rendement
pour l'hybride

Afrique orientale
Zimbabwe
lodes
Etats-Unis

PaysIRegion

Tableau 1.
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Figure 3. Rendement du tournesol- Argentine, 1929-1994.

amplifient ces accroissements une fois
que la variete cultivee est hybride.

En dehors du nombre de grains par in
florescence, l'heterosis presente d'autres
benefices qui peuvent etre tout aussi
importants, par exemple la precocite. Des
travaux sur Ie mais (Duvick, communica
tion personnelle) et Ie sorgho ont montre
que des hybrides de parents presentant
des maturites similaires fleurissaient dans
un delai plus court egal it 93 - 94% du
nombre moyen de jours necessaires aux
deux parents pour fleurir. Une etude par
DEKALB Genetics sur 15 hybrides
commerciaux et leurs parents a confirme
cet avantage et a par ailleurs mis en
evidence un avantage de 22 % de
I'hybride par rapport au meilleur parent et
de 35% de l'hybride par rapport it la

moyenne du parent moyen. La precocite
des hybrides est particulierement
avantageuse car elle permet de mieux
rentabiliser j'eau utilisee, d'echapper aux
insectes et d'eviter les extremes de
temperatures.

Les hybrides donnent en general des
jeunes plantules significativement plus
vigoureuses, ce qui est un aspect impor
tant de la lulle contre les mauvaises
herbes. Ils sont aussi souvent plus grands
que Ie plus grand parent et tallent plus.
Bien que Ie nombre de grains par epi,
comme mentionne, soit Ie facteur Ie plus
important de I'augmentation du
rendement, la taille de I' epi et Ie poids de
I'epi sont aussi plus favorables chez les
hybrides (Quinby, 1973). De meme, Ie
pourcentage de ballage plus eleve, Ie
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systeme racinaire plus developpe et
souvent Ie poids du grain plus eleve sont
des facteW'S significatifs ameliorant la
performance. Doggett (1967) a suggere
que, les petits accroissements de la
hauteur, de I'epaisseurde la tige. de la sur
face foliaire, de tout r appareil vegetatif,
du nombre de talles pouvaient tous en
sembles se traduire par une augmentation
consequente de la surface photo
synthetique. Avec plus de boutons
f10raux par hectare que les varietes non
hybrides, I'usine que represente la plante
hybride pourrait toujours remplir les
grains supplementaires de ces f1eurs, sous
toute une gam me de conditions
environnementales.

La tolerance a la secheresse et aux
extremes de temperature permet souvent
aux hybrides d'etre encore plus
avantageux en conditions de stress. En
raison de leur potentiel de rendement plus
eleve, les hybrides representent une
forme plus efficace d'utilisation de I'eau.
Des etudes par Castleberry et at (1984)
suggerent que les bybrides de mllis
moderoes (hybride simple versus
hybrides doubles ou hybrides 4-voiesl
non seulement produisent plus de grains
que les anciens hybrides en conditions de
faible disponibilite en eau mais ont aussi
la capacite genetique d'accentuer cette
difference positive de rendement en con
ditions favorables. Des observations
similaires ont ete faites pour les deux
niveaux de fertilite, eleve et faible, les
bybrides les plus reeents se comportant
mieux que les anciens independamment
du niveau de fertilite. Ainsi, en ce qui
conceme les conditions d'humidite et de
fertilite, les hybrides de mais continuent
d'allier une stabilite accrue des

rendements a un plus grand potentiel
genetique.

Du point de vue de I'amelioration des
plantes, les hybrides beneficient de
I'interaction non additive de genes telle
que la dominance et I'epistasie. En effer.
il n'est pas necessaire que les deux pa
rents soient superieurs pour permettre
I'expression d'une superdominance. La
mei lIeure capacite d'adaptation des
hybrides a ete c1airement mise en
evidence pour Ie mais ors d'etudes de
I'augmentation des rendements en grains
a des densites plus elevees de plantes.
Eastin (1983) a de plus ajoute que les
piantes cultivees qui pouuient eire
hybridees benHicieraient plus
rapidement d'une approche concenee
physiologiste-geneticien, si critique a
I'amelioration de la tolerance au stress
abiotique. Enfin les hybrides petJvent eire
ameliores suite aI'amelioration d'un seu1
des deux parents puisque la dominance
souvent affecte des caracteristiques
quaJitatives ou heritees simplement telles
que la taille, les caracteristiques
nutritionnelles OIl la resistance au stress
biotique.

Explication de I'efl"et bybride

L'heterosis resulte en une taille accrue
et un nombre accru des elements de la
plante du fait d'un taux de division
cellulaire et d'une activire cellulaire plus
eleves, produisant un plus grand nombre
de cellules. Quinby (1963) a trouve que la
division cellulaire plus rapide etait la base
des manifestations heterotiques
observees chez Ie sorgho et que les
processus non touches par Ie taux de di,;
sion cellulaire avaient, par voie de
consequence peu d'effets sur la ';gueur



hybride. Les facteurs amelionls plus par
la selection que par I'heterosis
comprennent Ie poids du grain qui est
correle au nombre de jours de la floraison
it la maturite physiologique, la taille des
grains, la composition en proteines et leur
pourcentage relatif, fa position de I'epi
sur Ie plant de maYs, la retention de la
couleur verte et la resistance biotique. II
est interessant de noter que les caracteres
quantitatifs suivants, la masse vegetative
produite, Ie developpement des grains et
celui du systeme racinaire sont
respectivement plus affectes par la
vigueur hybride au cours de la premiere,
de la seconde et de la troisieme ou finale
phase du cycle de vie. La reponse
heterotique semble correspondre it nne
augmentation de I' efficacite du
metabolisme general de la plante hybride.

En general, les resultats preponderants
supportent I'hypothese selon laquelle
I'heterosis chez Ie mats (Hallauer et aI.,
1988) resulte de I'accumulation de loci
avec des alleles presentant une domi
nance partielle ou complete. Selon Ie
gerrnplasme utilise, la superdominance et
I'interaction des alleles (epistasie)
peuvent jouer un role significatif. Glenn
Burton (1966) a suggere que les
ameliorateurs de sorgho n'avaient pas
commence it utiliser tous les effets des
genes additifs avant de se lancer dans un
programme de production d'hybrides qui
leur perrnettait aussi d'utiliser la domi
nance.

Les selectionneurs reconnaissent que
tous les croisements intraspecifiques ne
produisent pas Ie meme degre de vigueur
lorsqu'ils sont realises. ]'ai eu I'occasion
de developper, d'observer et de mettre sur
Ie marche environ 150 hybrides
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commerciaux. II est interessant de noter
toutefois que plus de 150.000 ont ete
evalues dans notre programme de
selection et que donc moins d'un pour
1000 parvient jusqu'it I'agriculteur. Par
consequent toutes les combinaisons ne
presentent pas un niveau adequat
d'heterosis au il leur manque un autre
caractere essentiel. L' ameliorateur
devient de plus en plus selectif vis-it-vis
d'un hybride utilisable it mesure que son
programme de selection evolue ou ma
ture.

Acceptation des hybrides

Peut-etre I'experience americaine qui
ilIustre I'acceptation relative des hybrides
de maYs et de sorgho, aura nne certaine
valeur pour les regions se toumant vers la
culture d 'hybrides. Le delai pour les
hybrides de mats a ete de 20 ans ou plus
landis que pour Ie sorgho, qui a beneficie
de I'experience des agriculteurs avec Ie
maYs, il a fallu seulement 4 ans pour que
les hybrides soient pratiquement
universellement acceptes (Figure 4). Rus
sell (1991) souligne Ie fait que, bien qu'il
ait fallu relativement longtemps pour que
les hybrides de mats soient acceptes it
I'echelle nationale, en Iowa, la premiere
region productrice de maYs aux
Etats-Unis, I'adoption des varietes
hybrides a eu lieu en fait relativement vite
en quelques annees comme pour Ie
sorgho.

Un deuxieme benefice de I'adoption
des varietes hybrides, qui est essentiel,
conceme l'implication du secteur prive.
La valeur ajoutee et Ie cout
supplementaire de la semence hybride
non seulement favorisent de meilleures
pratiques de gestion mais permettent
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aussi I' intervention du secteur priveatous
les niveaux de la production de semen<:e.
La possibilile de reapprov;sionnemelll
annuel de la semence hybride ainsi que les
droits de propriete motivent d'autant plus
I'investissement prive. La competition au
sein du secteur prive (Maunder, 1998)
aura pour cOnsCquence (a) de mieux as
surer un approv;sionnement adequat ell
semences, (b) d'ameliorer la purete des
semences et d'assurer une gennination
adequate des semences, et (c)
d'augmenter I'investissement dans
I'amelioration du produit ce qui est peuI
eire moins important acourt terme pour
I'industrie des hybrides sous reserve que
les programmes nationaux du pays
concerne sont efficaces. L'lnde, peut eire
aussi bien que d' aUITes pays, est un

exemple que les vanetes hybrides
lISSOcil!es aun investissement du secteur
prive peuvent permettre d'assurer
l'aUlonOmie alimentaire du pays. Ia pr0

duction elant passCe de 50 millions de
totmes en J950 a200 millions de tonnes
ces dernieres annCes.

n y a deja longtemps en J966, G.\\'.
Bunnn suggerait que Ie siecle procbain
venait I'utilisation generalisee des
hybrides F1 pour toutes les especes
cultivl!es imponantes atravers Ie rnonde.
I.e poteotiel pour des rendements plus
cleves, Ia plus grande producti';te et la
capacite remarquable des hybrides F1 a
supporter Ie stress en comparaison aux
vanetes pures et varietes populations
olfrent une possibilite reclle d'augmenter



la production de vivres et de fourrages. A
mesure que la population mondiale
augmente et que Ie niveau de vie
s'ameliore reclamant de plus en plus de
proteines sous forme de viande dans Ie
regime alimentaire, la suggestion de Bur
ton apparalt de plus en plus prophetique Ii
la lumiere des nouvelles technologies
agricoles. Les hybrides seront utilises et
acceptes par I'agriculture des pays en voie
de developpement si I'acces Ii des
hybrides presentant une semence d'une
grande purete, une germination adequate
et les avantages de productivite
escomptes devient facile.
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Rapport du rapporteur

Botorou Ouendeba

Remarques preUminaires

Premiere journee - Premiere seance

Le Directeur General de ('INRAN a
adresse toutes ses felicitations aux
organisateurs de ('Atelier. II a souligne
('importance des semences ameliorees et
Ie besoin de continuer la recherche
concern:eentre I'INRAN,(,INTSORMIL
et I'ICRISTAT.1l existe des resultats
notoires dans Ie domaine des varietes
ameliorees: un catalogue de varietes
ameliorees est disponible au niveau de
I'INRAN. Toutefois, un financement
accru est necessaire pour la recherche sur
Ie mil et Ie sorgho ainsi que pour
developper la production et la commer
cialisation des semences.

Mais il faudra aussi prendre conscience
des deux points suivants:

• semences et graines sont deux (2)
choses entierement differentes;

• la necessite d'avoir une Unite de
Semences et aussi de poursuivre Ie
developpement des hybrides par les
SNRA.

L' intervention du Directeur General de
I'INRAN a ete suivie de celie du Ministre
de I"Agriculrure et de I"Elev·age. Le
Ministre a indique que la presence
d'eminentes personnaliles scientifiques
constirue un reel plaisir pour Ie peuple du
Niger et que I'importance du theme
n'echappe apersonne. La recherche de la
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securile alimentaire passe oecessairement
par I"amelioration des cultures de mil et
sorgho qui occupent plus de sept (7) mil
lions d'hectares.Le Gouvememenl du
Niger soutient les effons de ('''''RAN
dans Ie developpe- ment des varietes et
semences. La recherche concertee a
permis I'obtention d'hybrides de mil dt de
sorgho tres performants. La modernisa
tion de (,agriculrure est necessaire pour
luller contre la pauvrete. Le
dev'eloppement de la filiere semenCeS
s'avere indispensable pour completernent
tire parti des nantages offens par les
hybrides. IInow faut un secteur semences
durable et Ie Niger est dispose a
considc!rer et erudier toute proposition
susceptible de stimuler ou de lancer
I'utilisation des hybridesau Nigeroudans
la sous-region.

Le President de la Session a tout
d'aOOrd SOuhaill: la bienvenue a tous les
participants "enant de plusieurs pays
d' Afrique, d'Europe, d' Asie et des Etats
Unis d' Amerique. Des progres
significalifs ont ete realises au Niger dans
Ie domaine de la selection d'hybrides au
co urs des demieres annees: il faut
soutenir ceoer recherche pour que les
agriculleurs de fj\frique Occidentale
puissent beneficier de I'heterosis. C est
la per,everance de Issoufou Kapran. John



Axtell et Lee House qui a rendu cet atelier
possible.

Le mil et Ie sorgho sont les deux plus
importantes cereales au Niger et dans la
sous-region. lis representent presque 70
pour cent de la production totale de
cereales en Afrique de l'Ouest. On ob
serve une augmentation de 50 pour cent
des superficies emblavees mais les
rendements restent assez bas avec une
moyenne de 600 kgiha. Dne tendance in
verse a eM observee en lnde et Dr Barwale
donnera, au COllrs de sa presentation, des
informations sur I'evolution de la produc
tion des hybrides.

II faut souligner I'importance de la
transformation du grain ainsi que celie de
la production de semence. L'objectif de
cettee reunion devrait etre I' augmentation
de la production de sorgho et de
I'utilisation des hybrides.

Dr L. House est intervenu pour donner
quelques elements d'information sur Ie
groupe de travail : "Production de
Semences". Ce groupe aura pour mission
de dresser:

• l'historique de la production de
semences au Niger;
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la situation actuelle de la produc
tion de semences ;

• les perspectives a venir compte
Fenu de la disponibilite des
hybrides.

A la fin de leurs travaux, les membres
du groupe presenteront a I'atelier une
proposition de strategie en matiere de pro
duction, distribution et commerciali
sation des semences hybrides.

Le second groupe de travail traitera les
les aspects de la transformation et
l'utilisation du mil et du sorgho. Ce
groupe sera anime par Bruce Hamaker,
Ababacar Ndoye, Moussa Oumarou et
Adam Aboubacar.

Le theme "Pourquoi les Hybrides" a
ete presente par Bruce Maunder. II a tres
clairement indique les principaux
avantages des hybrides qui sont :
rendement, precocite, traits morpholo
giques desirables, bonne reaction a la
secheresse et ala fertilite,l'augmentation
des rendements allant de 28 - 54%. Des
exemples sur Ie sorgho, Ie mil et Ie mals
dans d'autres pays ont ete donnes.
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Experiences de production de semences
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L'experience de production de semences hybrides
dans les pays en voie de developpement

B.R. Barwale

Depuis quelques temps je retlechis au
message que je veux vous laisser. et fai
decide de vous raconter rhistoire de
Barwale-Mahyco qui est etroitement liee
it rindustrie des semences aux Indes.

rai demarre un programme de produc·
tion de semences pour une variete d'okra
selectionnee par Dr Sardar Harbhajan
Singhji, malheureusement maintenant
disparu, de l'lndian Agricultural Re
search Institute. (Institut Indien de la Re
cherche Agronomique, Pusa Institute) it
Delhi. 11 s'agissait d'une variele
revolutionnaire. Elle etait resislante au vi·
rus de la mosaique jaune, un pathogene
qui reduil considerablement les
rendements ella qualite. Cene variete
unique a ete tres rapidement acceptee par
les agriculteurs. J'ai ainsi appris Ie b. a. ba
de la production de semences. 11 faut
produire les semences. les seeher. les
nenoyer, les trier par gr3vite, les traiter. en
verifier la qualite, lesemballeret les liner
aux agriculteurs directement ou par
rintermediaire de distributeurs. Cene
premiere entreprise m'a enseigne mes
toutes premieres I~ons.

Quand J at finalement pris
connaissance en 1963, de r existence de la
fondation Rockefeller. de nndian Coun
cil of Agricultural Research (lCAR 
Conseil Indien de la Recherche
Agronomique) et de All India Maize Co
ordinated Research Program (Programme
de Recherche Coordonnee il toute nnde
sur Ie mals), f etais un producteur de

semences en herbe. Mon experience m'a
confere une certaine credibilite aupres de
la fondalion Rockefeller. il savoir que je
pouvais etre capable de foumir des
semences de qualite pour d'autres cui·
tures.

Lors d'un seminaire it Dahad. Gujarat.
j'ai obtenu une lenre du represenlant de la
National Corporation (Corporation
Nationale des Semences) m.octroyant 10
acres de semences de base de rnals. Je suis
aile personnellement chercher la semence
de base et rai ramenee it Jalna. En 1964.
j'ai plante 5 acres de semence hybride sur
rna ferme it Khari f et 2 acres sur la ferme
de mon voisin.

La fondation Rockefeller etait toujours
presente. prete a apporter one assiSlance.
II m'a ete fourni des instructions
detaillees et une aidepourplanler. Au m0

ment de la premiere casrration. M. D.s.
Raua de la fondation Rockefeller est ,'enu
• Jalna et a forme nos equipes it la castra
tion. Bien qu'il s"agisse d'une IJicbe sim
ple, Ie momenl de sa realisation est tres
imponant.

Dr Wayne Freeman nous a rendu ,'isite
trois fois pendant Ie cycle de production.
Il m'a toujours encourage" rravailler
mieu.". rai reussi il satisfaire aIL" normes
et la recolte a ete effectuee conformement
aux instructions: les pieds males d·abord.
puis apres inspection du champ. les pieds
femelies, Nous avons ,;graine les ,;pis et
ete stuperaits du rendement total. 11



s'agissait d'un hybride double. Le parent
femelle etait un hybride simple avec un
excellent rendement. Dr Freeman m'a
explique en details Ie traitement des
semences et I'a planifie.

Un camion transportant un petit
appareil de nettoyage M2B, un appareil
de traitement des semences, des etiquettes
de fermeture des sacs, du fit, des sceaux,
des produits chimiques de traitement est
arrive quelques jours plus tard. Nous
avons pris des dispositions pour installer
I'appareil de nettoyage et celui de
traitement en un endroit sureleve pres de
chez moL Un ingenieur du nom de M.
Devest venu depuis Delhi chez moi pour
aider it installer l'equipement et traiter les
semences. Nous avons traite rapidement
les semences. Mesdames, Messieurs, ce
fut Ie meilleur rendement de semences
traitees de mais que j 'ai ohtenu de rna vie:
33 quintaux (132 bushels) de semence de
mais traMe par acre!

La semence etait prete. Nous l'avons
conservee dans un entrepot et nous avons
cherche des clients. Nous avons contacte
plusieurs groupes et avons essaye de les
convaincre de I'avantage it planter des
semences hybrides de bonne qualite. Lars
des reunions, les questions etaient
nombreuses et la resistance it payer 3 - 4
fois Ie prix normal pour la semence
hybride etait forte.

Nous avions eu la bonne idee
d'importer une certaine quantite de
semence hybride de Gujarat avant de
planter les plants pour la production de
semence. Nous avons vendu cette
semence hybride et aide les gens a la
planter pour produire un cultivar com
mercial. Des cultivars commerciaux
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etaient donc cultives en un certain nombre
d'endroits et des resultats tres
encourageants ont ete obtenus. Ces
demonstrations ant cree une certaine
curiosite et un certain interet aupres des
agriculteurs et des conseillers agricoles.
Nous avons pris I'habitude de faire la rete
si nouS vendions un sac de semence par
jour. Un sac contient 90 kg, soit
suffisamment de semences pour planter 6
hectares pou un cout de 120 Rs aI'epoque
(soit 3 USD aujourd'hui).

Un apres-midi, j'ai re9u un coup de
telephone d'un des responsables du dis
trict agricole voisin me demandant: « M.
Barwale, avez-vous de la semence de
mais hybride ? )}

« Oui monsieur )}
« Combien ? )}
« Nous devrions pouvoir satisfaire

votre demande )}
« l'en veut un camion plein»
« Oui monsieur nous devrions

pouvoir vous foumir cette
quantite »

« Je la veux demain )}
« OK, sir. »

En deux heures, nous avions loue un
camion et ordonne it notre representant de
livrer la semence Ie lendemain matin au
responsable, Elle fut livree ce fut
confirme. Quelle journee ce fut ! Une
journee de but accompli et de celebration.
Notre credibilite en tant que producteurs
de semence et d'agriculteurs d'avant
garde etait etablie.

Le programme All India Sorghum Im
provement (d'amelioration du sorgho
pour toute !'Inde) de I'ICAR, avec Ie
soutien de la fondation Rockefeller a



aussi developpC de nouveaux hybrides de
sorgho. Pendant cene meme saison seche.
nous avons plante deux hybrides de
sorgho (Jowar), CSH-I et CSH-2 avec Ie
controle local. en essais de
demonstration. Les epis du controle local
etaient gros et compacts et etaient .res
impressionnants. Par comparaison les
epis des hybrides paraissaienl peu
impressionnants bien que les plantes
montraient une croissance uniforme pour
une excellente densite.

Nous avons recolte les hybrides en
demonstration et tout Ie monde a ele fort
surpris de constater que les hybrides
avaienl des rendements beaucoup plus
eleves que Ie controle. Plus lardJ'ai eu un
enttetien avec Dr House a Delhi. II m'a
informe du fail que Ie premier hybride de
sorgho CSH-I (Kafir 60 x IS84) serail
probablemenl mis sur Ie march': lors de
I"alelier suivanl. En consequence de quoi
la fondation Rockefeller voulail voir une
certaine quantite de semence produite
cette meme annee afin de pouvoir faire
des demonstrations I"annee suivante.

Dr Wayne Freeman et Dr Lee House
onl contribue ace prognunme sorgho en
aidanl aux travaux en champs. La
fondation Rockefeller a fourni de
I'equipemenl, du personnel forme, des
semences de base el du thimet (un insecti
cide syslemique avec une odeur Ires
desagreable). En fait. Dr Lee House a dil
voyager avec cet insecticide de Pune a
Jalna, soil 190 miles. el respirer cel insec
ticide pendanl toutle trajet.

Quatte acres de production de semence
hybride CSH-I ont ete plantes. Nous ne
savions pas comment les parents se
comporteraient dans un environnement
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different et une saison difTerente. Cest
pourquoi, nous amns plante Ie parent
mlile 3 fois a4 jours d'intervalle avant let
apres) la plantation du parent femelle
pour assurer une plus longue periode de
production du pollen el ainsi garantir une
bonne synchronisation.

Mesdames, Messieurs, je ne veu.l[ pas
perdre votte temps precieu.l[ avec des
details inutiles. Mais je tiens loulefois a
preciser que ce ful une reussile. nous
avons oblenu 8 quintaux de semence
hybride de sorgho par acre. Ainsi pour la
premiere annee uniquement, Ie pays
disposail de 32 quintaux de semence du
premier hybride de sorgho pour distribu
lion atravers IOUl Ie pays.

Dr House.j'ai loujours la longue leltte
que vous m'aviez ecrile decri'-anl les
risques que je prenais, la possibilile d'un
echec complel, I'eventualile de ne pas
pouvoir vendre la semence, mais
m'assuranl louIe I"assislance possible
pour faire de ce programme une reussite.
Bica que ce flil risque. nous nous sommes
lances. Les organismes de conseil
agricole promou"aient dans cenains etats
les bybrides de sorgho. Les varietes de
sorgho bybride cultivees etaienl d'une
qualite inferieure a celie des meilleures
varietes locales mais leur periode de
croissaDceetail d'une duree plus courteet
nollS lraversions alotS des annees de
grande sCcheresse. Alors que les varietes
locales periclitaienl et ne produisaient
meme pas d'epi. les varietes hybrides ont
eu d'excellenls rendemenls, aniranl
subilemenl I"anention de louIe personne
concemee par la production agricole.

Nous avons~u une aide considerable
de la parI du premier minislre de

. ,
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Maharashtra de I'epoque, Ie maintenant
dUunt Shri Vasantroji Naik, qui a
grandement promu la semence et I'idee.
Ce meme ete nous avons produit Ie pre
mier hybride de mil, un produit du
programme All India Coordinated Millet
Improvement (d'amelioration du mil
coordonne a toute l'Inde) de l'ICAR.
Nous etions alors des producteurs
experimentes. Nous etions formes a
reperer un male fertile. Nous avions
I'habitude de no us servir de plaque
d'ardoise noire pour determiner si une
plante douteuse etait un male fertile ou un
male sterile. La purete de la semence de
base etait un peu douteuse, mais les
besoins etaient pressants et il fallait
produire de la semence hybride de qualite
ce qui a exige, par exemple, des efforts
supplementaires pour eliminer toutes les
plantes biitardes parmi les parents avant
qu'elles aient un effet negatif.

J'etais dorenavant encore plus
convaincu et devoue au programme: un
programme de construction d'une nation,
un programme de production agricole et
un programme qui apporterait la
prosperite et Ie respect aux communautes
d'agriculteurs. J'ai realise que je ne
pouvais pas tout seul parvenir a accomplir
tous les objectifs car la tache etait enorme
et nous avons commence a sous-traiter la
production de semence chez des petits
agriculteurs modernes qui etaient prets a
suivre des instructions, disposaient de
moyens d'irrigation suffisants et
reagissaient bien a I'idee et aux instruc
tions.

Nous avons nomme des assistants a la
production, en general des diplomes
agricoles ou etudiants des ecoles
d' agriculture et nous leur avons fourni des
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motocyclettes. Ces assistants rendaient
visite regulierement aux agriculteurs
producteurs sur leurs motocyclettes et
rendaient compte aux responsables de la
production des progres accomplis. De
cette maniere, nous etions au courant des
difficultes rencontrees par les
agriculteurs et nous pouvions les resoudre
aussi vite que possible, sinon
immediatement.

Nous produisions la semence pendant
la saison des moussons (juin - octobre) et
avions a solutionner Ie probleme de la
moisissure des grains s'il se mettait a
pleuvoir pendant la recolle ce qui en
general affectait negativement la conser
vation, la germination et la viabilile des
grains. C'est pourquoi nous avons
commence a considerer la production de
semence en saison seche. Apres avoir
etudie les autres regions de production,
nous avons deplace la production dans les
jacheres de riz de I'Andhra Pradesh. Entre
temps nous avions resolu les problemes
de non uniformite des cultures, en
purifianl les parents et en instituanl un
controle de qualite direct sur ce materiel
au niveau des champs de production. Vne
fois que les agriculteurs ont compris
qu'ils pouvaient faire un profit, nous
n'avons rencontre aucune difficulte a
transformer un village entier en un village
de production de semences.

Voici l'histoire du debut de Mabyco.
Nous n'avons pas regarde en arriere.
Nous avons continue a produire autant de
semence que possible. Alars que nous
tentions aussi d'etablir un marche en
vendant la semence sous notre marque, Ie
gouvernement aidait a fournir la semence
produite et les organismes de conseil
agricole contribuaient a la distribuer.

3/<{



Dans Ie meme temps, la fondation
Rockefeller a halue notre besoin de dis
poserd'une usine de traitement equipee et
dotee d'aire de stockage. L'ingenieur
responsable du traitement no us a
constamment aide it mettre en place une
usine de traitement.

Nous avons pris possession d'une
parcelle de un acre dans la zone
industrielle de la cooperative de Jalna et
commence la construction d'une petite
usine de traitement (20 pied x 120 pied).
L'USAID a foumi de I'equipement au
gouvemement indien, qui I'a donne it la
National Seed Corporation (NSC 
Societe Nationale des Semences) et it des
producteurs prives de semence. Nous
avons ~u notre part et mis en place une
chaine de traitement alors que notre
bittiment n'etait construit que jusqu'a la
hauteur du linteau paree qu'il nous fallait
traiter. Nous avons aussi loue un entrep6t
dans un batiment proche de notre em
placement precedent. Dans notre usine de
traitement. la superficie pour entreposer
ne mesurait que 9000 pied carre ce qui
etail, nous I'avons vite compris. tres petit.

Mesdames et Messieurs. dans une
economie en voie de developpement il
existe au depart deux options : creer une
large capacite et mettte longtemps it uti
liser cene capacite a plein. ou creer une
petite capacite et s'il y a plus de travail
travailler des heures supplementaires
pouraccomplirtout Ie travail. Nous avons
choisi la seconde option et cree une petite
capacite. Quoique nous utilisions
toujours cetle usine pour Ie traiternent de
la semence de base nous disposons
maintenant d'equipernent plus modeme.
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Je pourrais donner plus de precisions et
de details en reponse aox questions que
vous pourrez poser.

Heureusement pour no us. nous
n'avons pas eo en general de semence
invendue pendant les 3 - 4 premieres
annees. rnais par la suite nous avons eu de
la semence residuelle. En raison des
mauvaises conditions de conservation.
nous avons de temps aautre perdu de la
sernence du fait des insectes. des condi
tions variables d'humidite ou de la pene
de viabilit&germination et nous avons diJ
jeter de larges quantite. de semence. Ceci
a serieusement affecte notre compte prof
its et penes.

rai deja rnentionne la National Seed
Corporation (NSC • Societe Nationale des
Semences). NSC a ete mise en place par Ie
gouvemernent indien avec pour objectif
de foumir la semence de base et des ser
vices a I'industrie des semences. Elle a
serieusernent demarre en 1963. Avanl
celle date, la production des semeoces de
base et les services s'y rattaehant eta.ient
assures par I'IC AR. La fondation
Roclcefeller est aussi de\'enue un element
tIu systC:me assurant les seT\~ces.

JI etait crucial de mettte en place la
NSC au debut des annees 60. Elle
produisait les semences de base. Elle
assurait aussi des sen~ces de certification
volontaire et nne assistance pour les
producteurs de semences. Au cours de
mes 35 ans d'experience avec Ie secteur
industriel des semences au.~ Indes. fai
acquis la conviction que si la NSC a
assure une assistance importante a
I'industrie des semences indienne, elle a
aussi fait des erreurs qui auraient diJ etre



evitees. Je ferai plusieurs commentaires it
ce sujet plus tard.

La loi concernant les semences a ete
passee au parlement en 1966. Par voie de
consequence la certification officielle des
semences est devenue effective en 1968,
et la NSC a ete designee comme I'organe
officiel de certification des semences
pour tout Ie pays. Si cette nomination a
facilite les procedures de certification,
elle a aussi engendre toute une
bureaucratie qui a ralenti l' efficacite des
operations de production de semences.
Quelques annees plus tard
malheureusement 1a NSC a evolue d'un
organisme d'assistance au secteur des
semences en un organisme de commer
cialisation des semences en concurrence
avec l'industrie qu'elle essayait de
promouvoir. La NSC a commence it
insister qu'un cote du sac de semence
devait etre identiquc it celui imprime par
la NSC de sorte it faire de la publicite pour
la NSC. Ceci allait it I' encontre de la rai
son de la creation de la NSC, it savoir
d'assurer Ie role d'organisme des
semences de base et de foumisseur de ser
vices. Des qu' elle est devenue un organe
de commercialisation, la NSC a modifie
ses objectifs et est ainsi devenue partiale.
Elle a aussi commence it discriminer lors
de la distribution des semences de base it
I'encontre des producteurs n'en faisant
pas partie. Elle a etabli des priorites; I)
ses membres, 2) les entreprises de
semenced'etat, 3) les gouvemements des
etats, et 4) les producteurs de semence
prives. Cette situation a cree des doutes
chez les producteurs it l'egard de tout Ie
programme et I'a retarde. Bien que de
fa90n non intentionnelle, la NSC a
commence it declarer qu'elle avail Ie
monopole dc la production des semences
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de base et les producteurs ont eu it faire
face a des problemes de qualite et de
quantile au niveau des semences de base.
Lorsque 1a situation est devenue tres
serieuse, les gouvemements des etats ant
declare que la NSC n'avait pas Ie
monopole et ont commence it distribuer
des semences issues de l'amelioration des
plantes aux producteurs competents qui
avaient alars Ie droit de produire la
semence de base eux-memes.

L'lnde est un grand pays comprenant
plusieurs etats. L'agriculture est une af
faire d'etat et les etats n'etaient pas tres
heureux que la NSC serve d'organisme de
certification. Aussi des societes ant ete
formees sous la direction des
commissaires d'etat a I'agriculture pour
assurer la certification dans les differents
etats. La NSC a fait tout ce qu'elle a pu
pour empecher ces creations mais les etats
ant prevalu. Sauf pour quelques
territoires de I'union, les etats 
pratiquement des societe sous la direction
des commissaires d'etat it I'agriculture
sont devenus les organismes de certifica
tion. Plusieurs sources de semences de
base sc sont aussi creees. 11 en a resulte
une amelioration de la qualite et de la
quantite des semenecs de base et Ie man
que de semences de base n'a plus ete une
contrainte pour la plantation des champs
de production de semences.

La NSC et la fondation Rockefeller ant
assure un remarguable service de forma
tion des industriels des semences it la cer
tification, Ie controle de qualite, l'analyse
des semences, Ie traitement des semences,
la maintenance des equipements et les
essais de demonstration. L'USAID a
aussi conlribue it certaines de ces
activites. Ce dont nous disposons



aujourd'bui est en partie Ie resultat de
celie assistance. Je tiens aremercier Ii cet
egllrll, la fondation Rockfeller, 1'USAID,
Ie gouvemement indien,l'lndian Council
of Agricultural Research (Conseil Inmen
de la Recberche Agronomique) et les
gouvernernents des etats pour leurs con
tributions directes ou indirectes Ii travers
la NSC et les societes de semence d'etat.

La certification des semences a cree
des normes generales de qualite et une
base pour une garantie independante de la
qualite par Ie producteur. II ne faut pas
oublier une chose : la certification ne
produit que des normes minimales. Aussi
la qual;te des semences varie d'un
producteur a I'autre ; un certain nombre
d'entre eux appliquent des normes plus
strictes et plus elevees que celles requises
par la procedure de certification. lis
donnent plus de poids Ii la qualite de la
semence de base. a la formation des
employes et a celie des producteurs de
semence, et appliquent rigoureusementle
systeme de contrOle de la qualite. Je me
souviens du jour ou Mabyco a dli rejeter
une grande parcelle de production de mais
bybride sur I'exploitation de son
directeur. Ce type de processus de prise de
decision a augmente la confiance dans la
qualite de la semence produite par les or
ganisations privees.

La loi indienne sur les semences telle
qu'elle a ete introduite et approuvee au
parlement est one loi ideaJe. Elle rend
obligatoire I'etiquetage veridique des
varietes mentionnees mais non 18 certifi
cation qui reste volontaire. Ains; les
producteurs qui etaient capables d'etablir
leur reputation petit Ii petit ne se sont pas
soucies de certifier leur semence. lis ont
pu de celie fac;on eviter les delais dans Ie
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processus de certification dus aux obsta
cles bureaucratiques, ce qui leur a pennis
de disposer de semence a temps pour
tepondre aox besoins des agriculteurs.

Les subventions ont toujours ere un
sujet de grande controverse dans nos
esprits. Dans Ie programme indien. les
subventions ont ete attribuees iI plusieurs
categories de varietes de semences
ameliorees ou hybrides, Si au debut elles
ont aide Ii promouvoir Ie programme. one
fois en place il n'y a plus eu moyen de les
arreter. Les personnes concernees
deviennent de plus en plus cupides et
chaque elu regional considere
absolument necessaire sur Ie plan
politique d'obtenir Ie maximwn de sub
ventions pour sa region, Les subventions
sontaussi Ii I'origined'unediscrimination
entre la NSC, les societes de sernence
d' etat el les producteurs prives de
semence. Dans la pluparl des cas. les
producteurs prives n'ont pas pu heneficier
des subventions. Si la subvention etait
foomie par Ie gouvernement de r eta!. les
societes de semence d'etat eraient les pre
miers beneficiaires. Si la subvention
provenait du gouvemement central. la
NSC etait Ie premier heneficiaire. C est
pourquoi elles constituaient des primes
pour la NSC et les societes de semence
d'etat. Les producteurs prives de\cllient
commercialiser leurs semences sur la
base de leur reputation et de la qualite de
leur produits. Je suis heureux de "OUS

annoncer que les agriculteurs preferaient
toujours les semences produites par un
producteur prive a)'ant une bonne
reputation en matiere de qualite.

En disseminant rinformation et en
effectuant des demonstrations de
comparaison (praliques de culture locales



et semences ameliorees vs. pratiques
ameliorees et semences ameliorees), les
organismes gouvemementaux de conseil
agricole ont bien fait comprendre aux
agriculteurs I'importance de laqualite des
semences et des pratiques agronomiques
ameliorees. II en a result. une demande
forte.

rai toujours pense que l'agriculteur
indien (et je suis sur I' agriculteurafricain)
etait un entrepreneur sage, honnete et
travaillant duro rai Ie sentiment qu'il a
toujours recherche non pas lcs subven
tions mais Ie profit qu'il pouvait tirer de
ses cultures. II est certain qu'il a besoin
d'aide sous forme de credit (s'il n'a pas
d'argent disponible) pour acheter les in
trants agricoles tels que la semence, les
engrais et les insecticides.

Je ne dispose pas ici d'une presentation
des 15 - 20 prcmieres annees de Mahyco ;
je possede toutefois une presentation
graphique sur 14 annees de 1983 a 1997
de Mahyco ce qui devrait vous donner une
idee de comment I'entreprise privee s'est
comportee dans l'environnement indien.

rai eu la tres grande chance de visiter
les Etats-Unis en 1965 et a nouveau en
1966 : la premier fois dans Ie contexte du
programme Farm Leaders' Exchange
(d'echange de chefs d'exploitation
agricoles) et la seconde fois en tant que
membre de I' equipe Seed Review
(Semence) appointee par Ie
gouvemement indien. Cette equipe a ete
mise en place dans Ie but de fairc des
recommandations quant aux politiques de
base concernant les semenceR. Les
recommandations de ce comite sont
devenues un document cle pour plusieurs
des decades avenir. L'appartenance ace
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comite m'a donne I'occasion de visiter
diverses entreprises productrices de
semences, divers laboratoires de recher
che et institutions de recherche et diverses
univcrsitcs en Suede, en Hollande, en
Angleterre, aux Etats-Unis, au Japon et
aux Philippines. Ainsi, des ses premieres
annees, en contact constant avec I' Indian
Agricultural Research Institute (Institut
Indien de Recherche Agronomique) par
mon intermediaire, Mahyco a du etablir
son propre programme de recherche aussi
rapidement que possible. En 1966, juste
deux ans apres la mise en place de
Mahyco, nous avons entrepris notre pre
mier programme de recherche. Nous
avons embauche un titulaire d 'un doctorat
(Ph.D.), avec l'aide de la fondation
Rockefeller et nous avons commence a
rassemblerdes germplasmes de mals et de
sorgho cn provenance de toutes les
regions du globe. Nous avons rapidement
embauche des scientifiques supple
mentaires et avons ajoute Ie mil a notre
liste de recherche. Nous investissions no
tre argent et augmentions notre capital en
reinvestissant les profits, ce qui ne fut pas
apprecie par tous nos partenairesl
actionnaires. Nous avons traverse des
tcmps difficiles malS nous avons
persevere.

Avec I'apparition des hybrides de
coton, nous avons rajoute la production
de semence de coton hybride a notre
programme. Des que nous avons pris
connaissanee de l'existence de la sterilite
male genique, nous avons acquis Ie
germplasme et mis en place un
programme de production de semence de
coton hybride base sur la sterilite male
genique et plus tard sur Ie systeme de
sterilite male cytoplasmique (eMS) et de
restauration.



Le programme d'amelioration
publique etail tres complet et tres bien
finance avec !'aide de la fondation
Rockefeller et de plusieurs autres organi
sations. Pendanl un long momenl nous
n'avons rien produil qui pro,,;enne de nos
programmes de recherche. Je me
souviens que nous avons idenlifie
quelques bons hybrides de sorgho. lis
etaient vraiment bons, avec un bon
rendemenl, une bonne qualile des grains
et donnaient de bons resultats dans nos
essais. Malheureusement au moment de
la commercialisalion nous avons realise
que parce que Ie sorgho a des glumes
noires, il n'esl pas accepte par Ie marche
el- par consequent - par !'agriculteur. Ce
fut un gros contretemps, mais nous avons
continue atravailler el avons oblenus de
bons produits de nos recherches, lesquels
ont totalement transforme Ie scenario des
profits de notre entreprise. Nous avons
aussi pu assurer une gestion saine de notre
entreprise. Les couts etaient absolument
maitrises, les dqx:nses dans les Iimites
des revenus el les emprunts minimum.

Puisque nous parlons de banque, nous
avons reussi it convaincre nos banquiers
de nous financer ainsi que nos
producteurs. II ne s'agissait pas d' une
grosse entreprise el tout allail de fa~on

satisfaisante - puisque nous a,;oos reussi
agagner la confiance de nos banquiers.
Mais un jour, nos banquiers ont du arreter
de nous faire des avances parce que la Re
serve BanIc o£India (banque de l'lnde) ne
faisait pas la difference entre les grains
semences et les grains alimentaires. Nos
banquiers ont ele accuses de faire des
avances pour des grains alimenlaires ce
qui etait interdit par Ie gouvernement
indien du fait de la penurie alimentaire. II
nous a fallu presque six mois pour obtenir
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I'annulalion de I'ordre. La Reserw BanIc
of India (banque de nnde) a eu la
bienveillance de reconnaitre que la
semence di fferait du grain aJirnentaire et a
aUlorise les avances failes aux entreprises
de semence sur la base de leurs stocks de
semence. Les producteurs qui
emprunlaient recevaienl des avances
prioritaires. lis onl commence arecevoir
un trailement preferentiel.

rai loujours ele con,-aincu de la
veraeite du fameux si on veut on peut. II
est necessaire d'avoir la volonle et Ie
besoin pour pouvoir trouver nne solution.
Vous etes Ie debul de la solution au
probleme. Tandis que vous m'ecoutez je
veux vous faire comprendre que pendanl
toutes ces annees (au moins les 25
premieres annees) j'avais constammenl
I'impression d'avoir une epee de
Damocles suspendue au dessus de rna tete
et je ne savais pas quand elle sabartrait.
En depit de cela, avec beaucoup
d'optimisme, I'industrie indienne des
semences a progresst.

Quandje reOechis au passe, je souhaile
donner Ie conseil suivanl aux pa~-s qui
maintenant essaienl de mettre en place
IIIle industrie des sernences : ne suspendez
pas we epee de Darnocles au dessus de la
tete des entrepreneurs prives. lis doivenl
50 !lentir suffisamment en secw;le pour
pouvoirconsacrer loute leurenergiealeur
entreprise el a travers elle au sen;ce de
I'agriculture de leur pays, au lieu de
gaspiller leur energie el leur temps
pricieux a resoudre des problemes qui
ralenlissenl Ie developpement du
programme. Ainsi. nous avons besoin de
reglement protegeanl toutes les actionsde
I'industriel des semences tant qu'il a
travaille honnelement. Meme s'il sesl



trompe, il doit etre protege - iI moins qu'il
ne l'ai fait avec des intentions
malhonnetes. II faut lui faire autant
confiance qu'i1 un gestionnaire, un
scientifique ou un fonctionnaire.

Ce que j'essaie de souligner est que
pour demarrer et reussir iI faut disposer
d'entrepreneurs de valeur et devoues.
Une bonne comprehension et un bon
appui de la part des administrations
gouvernementales et une bonne volonte
politique seront necessaires pour assurer
Ie succes meme s'il prend une forme
differente de celie souhaitee.

Le programme de semences dans notre
etat a joui du parrainage constant de notre
Premier Ministre. II ne nous a jamais
laisse tomber. Nous disposions aussi d'un
bon soutien administratif et entretenions
de bonnes relations avec Ie gouvernement
central au niveau du ministere de
I'agriculture. Nous recevions un bon
appui de la part de la fondation
Rockefeller qui a toujours apporte des so
lutions constructives aux gouvemements
et aux entreprises. Notre superbe equipe iI
Delhi comprenait notre Ministre de
I'Alimentation et de [' Agriculture de
l'epoque, Bharat Ratna Shri C.
Subramaniam, Ie Secretaire iI
['Agriculture, Ie defunt M. B. Sivaraman
et Ie Professeur M.S. Swaminathan,
Directeur de I'JAR! et plus tard Directeur
General de l'ICAR.

La fortune de l'industrie des semences
aux Indes a grandement varie au cours des
trois dernieres decades et demi. S'il m'est
demande les raisons de ces variations, je
citerai la politique des gouvernement,
[,indecision et Ie manque d'objectifs
clairs. II est certain que plusieurs facteurs
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interviennent toujours dans la reussite/
['echec d'une entreprise/ industrie: une
bonne planification, une bonne gestion
financiere, un bon personnel, de bons
moyens de commercialisation et la
gestion globale. Plusieurs entreprises de
semences ont fait faillite iI la fin des
annees 70 et 80 du fait des politiques
gouvernementales etlou d'une mauvaise
gestion. Je crois qu'il aurait ete possible
d'avoir une croissance plus importante du
secteur industriel des semences indien si
les objectifs avaient ete plus clairs et la
volonte plus forte.

Tout pays en voie de developpement
recherche toujours des moyens de gagner
des marches etrangers puisqu' il a toujours
besoin de monnaie etrangere. Au fur et iI
mesure de ses progres et en raison de
['importance croissante accordee aux ex
portations, l'industrie indienne des
semences a tente de penetrer les marches
internationaux. Elle ad'abord essaye
d'obtenir des contrats de production, puis
plus tard elle a tente de collaborer avec les
grosses entreprises etrangeres. Suite iI la
mise en place et it l'extension des
programmes de recherche et de
developpement, ces entreprises ont tente
de commercialiser leurs produits dans des
regions du globe ayant la meme ecologie.
D'un niveau d'exportation nul dans les
annees 50, l'Inde est maintenant passee iI
un niveau moyen exportant des semences
produites sous contrat et des semences
derivees de la recherche par les
entreprises de semences indiennes.
Certaines entreprises internationales
essaient aussi d'exporter des semences
vers l'Afrique et les pays du sud-est
asiatique.



II sera toujours possible de produire et
d'exporter des semences en particulier si
elles exigent beaucoup de main d'reuvre
puisque la production de telles semences
revient tres cher dans les pays
developpes. En outre les entreprises de
semences sont d'accord pour faire part de
leur savoir et former Ie personnel tech
nique et les producteurs ala production de
semences. Ceci permet one formation sur
Ie tas dans les pays en voie de
developpement.

Le scenario se demulant actuellement
en Inde s'est beaucoup transforme par
rapport a la situation des annees 80 et
precedentes. Le gouvemement indien a
promulgue on changement de politique
selon lequel les entreprises de semences
etrangeresimultinationa les etaient
invitees 8 s'etabliren Inde et tirer profit de
leur expertise. Au Cours des cinq
demieres annees en particulier, nous
pouvons constater I'elfet positif de ce
changement de politique. Meme si
initialement ces entreprises ne
possedaient pas de produits adaptes aox
conditions indiennes, elles se sont
graduellement reconverties et opposent
maintenant une forte concurrence a
J'industrie des semences indienne.
Celle-ci aura du mal iI faire face 8 la con
currence iI moins qu'elle ne reagisse et
devienne tres agressive au plan de la re
cherche et de la commercialisation.

Au cours des 10 dernieres lUlIlCes. la
situation scientifique s'est aussi modifiee
avec I"apparition de nouvelles techniques
(8 savoir la biolechnologie : les tech-

niques au niveau molecuJaire et cellulaire
basees sur I'AD~).De nouveaux produits
issus de celie nouvelle technologie
apparaissent: produits qui offrent au.,
agriculteurs Ie benefice de la resistanee
aox insectes, aox champignons. aox \irus.
etc. Un autre scenario observe au niveau
de I'industrie des semences est que cene
industrie dans les pays developpes est en
passe de devenir plus concenuee. Un cer
tain nombre d'enlTeprises chimiques
pharmaceutiques se sont lancees dans la
production de semence au cours des 25
demieres annees et surtout au cours des
10 - 12 demieres annees. Quatre au cinq
entreprises sont devenues les chefs de file
de la biotechnologie et ont acquis des
interets dans la production industrielle de
semences comme un vehicule de distribu
tion des nouvelles decouvertes.

Par consequent la situation est
aujourd'hui tres dilferente de celIe que
Mahyco ou moi-meme avons connue a
nos debuts. Vous devez tous bien reahser
eela. Toutefois les composaDts
elementaires do succes d'one entreprise
restent les memes. Cne bonDe
technologie, un bon 1Ta\·ail. one bonne
gestion et une volonte de set\'ir en sont les
priDcipau.x.

Mesdames et Messieurs, je pense que
j'ai assez parle de Barwale. MahYco, et de
I'industrie indienne des semences. Je
serais toutefois heureD.x de repondre iI vos
questions si vous pensez qu'elles
apporteront des eclaircissernents.

Merci de m 'avoir iD\;te.



L'Industrie des semences en Zambie 
historique et experience

Bhola Nath Verma et Winter M, Chibasa

Les evenements historiques et
politiques en Afrique du Sud y compris la
Zambie ont entraine la naissance de deux
secteurs agricoles di stincts. L 'un
regroupe les grands exploitants agricoles,
la plupart europeens d' origine, qui
possectent de larges superficies comprises
entre 100 et 20.000 hectares dans la
region agro-ecologique la plus productive
du pays soit sur des sols Ie plus souvent
bons et fertiles.

L'infrastructure necessaire ala produc
tion agricole, a savoir reseaux routiers et
ferroviaires, electricite, irrigation. et les
autres services tels que Ie credit et les
marches y compris I'approvisionnement
en semences sont mieux developpes dans
la region dominee par ces grandes exploi
tations agricoles. Ces agriculteurs de
rente appliquent les techniques agricoles
ameliorees a savoir l'appJication
d' engrais, de produits chimiques et autres
intrants. Certaines de ces exploitations
peuvent posseder des milliers d'hectares
equipes d'un systeme d'irrigation a pivot
central et peuvent disposer de leurs
propres avions ades fins agricoles.

La majorite des exploitations agricoles
(75 %) constituent I'autre secteur, a
savoir celui des petites exploitations
agricoles traditionnelles inferieures a 10
hectares avec peu de ressources. La
famille assure la main d'a:uvre sur ces ex
ploitations. Ces exploitants ne disposent
pour la plupart d' aucun equipement
agricole et au mieux posscdcnt une houe
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de conception locale. Leur acces au crectit
agricole, aux moyens de transport, aux
structures de commercialisation et aux in
trants y compris la semence, les engrais et
les produits chimiques est tres limite.
Suite aI'independance, Ie gouvernement
dans I' Afrique du Sud a tente d'ameliorer
les conditions de travail pour ce groupe
mais ceci s' est avere difficile.

Le nombre d'exploitants agricoles de
rente a tendance it varier de pays it pays.
Au moment de I' independance du Zimba
bwe en 1980, il y en avait environ 5.000.
En 1996, leur nombre avait diminue it
4.000 (Eicher et Kupfuma, 1997). La
Zambie qui etait alars consideree comme
etant essentiellement un producteur de
cuivre comptait seulement une centaine
d'agriculleurs de rente cn 1964 au mo
ment de l'independance. Ce nombre en
1997 avail cm jusqu'a 740 dont 20
representent des corporations.

D'apres les estimations actuelles en
Zambie, il existe environ 603.400
menages agricoles dont 459.000 corres
pondent it de petites exploitations
agricoles de subsistance (moins de 10 hal,
119.200 it des exploitations de rente
debutantes (entre 10 et 20 hal et 25.200 it
des exploitations de rente de tail Ie
moyenne (entre 20 et 60 hal.

Les deux dernieres classes constituent
ensemble ce qui est maintenant nomme Ie
secteur intermediaire, lequel gagne en im
portance.



Le mm dans I'agricuhure
de I'Afrique du Sud

Le mais blanc a ete introduit.
encourage el cultive par les colons
europeens en Afrique du Sud en raison de
la facilite de son conditionnement en
denrres alimentaires pour nourrir les pa
pulations locales employees dans les
mines ellou pour r exportation vers
I'Europe pour rindustrie de ramidon.
Mais en moins de deu.x generations. il est
devenu I'aliment favori des populations
indigenes.

Apres I'independance. Ie gouverne
ment riche des profits du secteur minier a
mis en place des pol itiques de promotion
de la production comme de la
consommation du mais en ofTrant des
subventions pour les intrants (semence.
engrais et creditl etla commercialisation
du grain. Ces politiques ont fait du mais
non seulement la nourriture nationale
mais aussi la culture de rente principale
rempla<;ant toUles les autres cultures y
compris dans les regions ne convenant
pas :i sa culture. En consequence au Ma
lawi par exemple, Ie matS occupe 90 %
des superficies cultivees (Smale el
Heisey. 1997). En Zambie. it un cenain
moment il couvrait 70 % de la superficie
cultivee totale.

En Zambie. Ie mais a ete favorise par Ie
gouvemement. lusqu'it la fin des annres
70, c'etaitla seule production agricole qui
etait achetee par Ie NAMBoard (National
Agricultural Marketing Board - Couseil
national de commercialisation agricoleI.
la seule agence de commercialisation de
produits agricoles et de distribution des
intrants sur la base d'un prix
panterritorial.

45

Les agriculteurs de rente de I'Afrique
du Sud constituaient une imponante force
politique et economique a\'ant
I'independance. lis ont pousse Ie
gouvemement de r epoque it conslTUire et
maimenir un des meilleurs reseaux
roUliers nationaux d' Afrique. principale
menl silue dans les regions qu'ils
habitaienl. lis ont forme plusieurs
groupes·associations puissants donI
r Association du Mais Semence du Zim
babwe. fondee en 1940 et I'Associalion
des Semences du Zimbabwe. fondee en
1955.

Les agriculteurs ont aussi persuade Ie
gouvemement du Zimbabwe de menre en
place un reseau de stations de recherche
agronomique. L'expansion de ce reseau a
augmente dans la region apres la creation
de la Federation de Rhodesie el
Nvasaland en 1953. Cene Federation
e~globait la Zambie (alors la Rhodesie
septentrionale), Ie Zimbabwe (alors la
Rhodesie meridionale) etle \Iala\\i (alors
appele Nyasaland).

Un 1Ta\'ail de selection du mais de
pointe eta;l en cours des 193! au Zimba
bwe. Les selectionneurs etaient Harry AT
nold et Allan Rattray, tous deux
maimenant decedes. En 1949, ils om mis
sur Ie marche SR I. Ie premier mais
hybride. Cet hybride representait!O 0. de
18 superficie totale cultivee en mais par les
agriculteurs de rente la premiere annee de
sa mise sur Ie marche. Mais la \T8ie
revolution provenant de leur 1Ta\'ail a ete
18 mise sur Ie marehe de SR5! en 1960,

SR52 est cile comme etant Ie premier
hybride simple de mais mis sur Ie marche
dans Ie monde. lis'agit d'un hybride :i
grain blanc de long durce a\'ec un



potentiel de haut rendement ~ convenant
parfaitement aux agriculteurs de rente
dont les exploitations sont dans des
regions agricoles II grand potentiel.
L'hybride est devenu la variete cultivee la
plus renommee de la region et ill'est en
core 37 ans apres sa mise sur Ie march.:.

La mise sur Ie marche de SR52 a fourni
les bases politiques, institutionnelles et
techniques de la premiere « revolution
verte »par les agriculteurs blancs du Zim
babwe en 1960. Elle commen9ait cinq ans
plus tard en Asie. SR52 donnait un
rendement en grain de 46 % superieur it la
meilleure vanete II fecondation libre de
I'epoque, Southern Cross.

Dans les huit annees qui ont suivi sa
mise sur Ie march.:, la superficie plantee
en cet hybride est passeea plus de 75 % de
la superficie totale cultivee en mats par les
agriculteurs de rente du Zimbabwe
(Eicher et Kupfurna, 1997). La Federation
regionale a promu son expansion dans les
pays VOISinS.

A mesure que la culture seche des
agriculteurs de rente, Ie tabac, rencontrait
de plus en plus de problemes, plus de mats
hybrides (essentiellement des hybrides 3
voies) etaient developpes pour convenir
aux sols sableux. II se trouve que de tels
hybrides de courte duree satisfont aussi
aux besoins des petits agriculteurs et
conviennent aux regions sujettes it la
secheresse.

Cette evolution represente un exemple
excellent de retombee technologique
benefique des agriculteurs de rente avec
plein de ressources vers les petits
agriculteurs pauvres en ressources. Par la
suite, surtout apres I' independance,
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lorsque Ie gouvernement a decide de faire
profiter les petits agriculteurs et les habi
tants urbains des benefices de cette
technologie, l'adoption des hybrides de
mats s'est generalisee it toute la region. La
part des petits agriculteurs II la production
totale de mats et II la superficie totale
cultivee en mats s' est accrue enormement
(65 % en Zambie et 70 % en Zimbabwe).
La production de mats en Zambie a
quadruple entre Ie debut des annees 60 et
la fin des annees 80.

Developpement de I'industrie
des semences

Les progn\s technologiques realises
pour Ie mais et la constitution
d'associations puissantes d'agriculteurs
de rente au Zimbabwe a entralne Ie
developpement d'une industrie des
semences. Au debut les agriculteurs ont
forme une cooperative appelee Seed
Co-op. Seed Co-op s'est ensuite
transformee en une entrepri se
nationalisee, Seed Co. Le Zimbabwe dis
pose aujourd'hui d'une autre entreprise
pour I'exportation, Certseed Interna
tional. Recemment, Seed Co. a forme des
partenariats avec des geants tels que
DeKalb Genetics Corporation des
Etats-Unis.

)usqu'll la formation de la Federation,
la Zambie dependait du Zimbabwe pour
la satisfaction de ses besoins en semence.
Apres la dissolution de la Federation en
1963, la Zambie a dil demarrer sa propre
industrie. Depuis son etablissement,
I'industrie des semences enZambie a subi
des transformations radicales qui sont
regroupees en trois periodes distinctes II
savoir : avant I' etablissement de Zambia
Seed Company (ZAMSEED); la domina-



tion de ZAMSEED ; et la libCralisation
apres 1991.

L '/"dustrie fIWUIt l'imblisseMe"t th
ZAMSEED

Apres ladissolution de la Federation, la
Zambie dont seulement trois agriculteurs
de rente avaient une certaine experience
en production de semence, a ~u huit
livres de semence des lignees parentales
de SR52. Le gouvernement a ronne un
Comire Consultatifdes Semences au sein
du Ministere de I' Agriculture, de
I'Alimentation et de la Peche (MAFF) et a
ntis en place une Unite de Service des
Semences au sein de sa Branche Recher
che. L'unire a ~u la responsabilite de la
certification et do contriile des semences
et de la production de la semence de base.
Les agriculteurs de rente dont certains
avaient un savoir en matiere de produc
tion de semence ont ronne la ZSPA (As
sociation de Producteurs de Semence de
Zambie). ZSPA a produit des semences
certifiees sous Ie conwle de I'Unite de
Service des Semences mais n'a pas en
acces aux Iignees parentales de SR52
jusque en 1978 en raison de relations
!endues avec Ie gouvernement au moment
de I'independaoce. NAMBoard (Conseil
National de Commercialisation
Agricole), cree par Ie gouvernement etait
Ie seul acheteuret Ie seul vendeurautorise
de la semence.

A cette meme epoque. un desaccord
existait entre les selectionneurs de mais
du pays. II en a resulte des incoherences
au niveau des objectifs et priorites do
programme de selection. Un mauvais
entretien des souches de Iignees
parentales de SR52 a entraine une
alteration de la version zambienne de
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I'hybride SR52 avec un reodemeot de 15
- 20 % infeneuracelui de I'hybride origi
nal du Zimbabwe. A la fin des aooees 70,
plusieurs donneurs (Sida, USAID et
FAO) etaient impliques dans divers as
pects de la recherche sur Ie mais en
Zambie.

Dollli"lIIio" th ZAMSEED

Zambia Seed Company Limited
(ZAMSEED) a ete fondee en mars 1974
dans Ie cadre de. aI'epoque.la Societe de
developpement rural (ROC) mais est
restee quasiment inactive jusque en 1981.

ZAMSEED sous sa forme acruelle est
devenue operationnelle en janvier 1981
suite aune decision du gOU\'ernement de
Zambie de promouvoir une industrie des
semences zambienne a travers Ie
Ministere de r Agriculture et de
I'Amenagement Hydrolique (MAWO).
L'entreprise a ~u Ie droit exclusir de
produire, conditionner et distribuer toutes
les semences. En ecbange, eUe recevrait
gratuitement - les semences issues de
selection de la part du gouvernemenL

Lcs actionnaires de I'entreprise ewent
Ie gouvemement (40 %) a trav'ers
RDCIZIMCO et maintenant Ie Ministere
des Finances et du Developpement
Ecooontique (MFED) ; I'Association des
Producteurs de Semence de Zambie
(ZSPA. 20 "/0) ; Zambia Co-operative
Federation Limited (ZCF. 20 %) ; Svalor
Weibull AB,(SW 1O%);el Swedfund In
ternational AB (10 %). SW est la plus
grande societe de semences en Suede
landis que Swedfund International, qui
appartient au Sida est une institution
suedoise qui encourage les entreprises
suedoises ainvestir dans les pays en voie



de developpement en apportant un capital
risque.

SW et Swedfund ont ete invites aetre
des actionnaires de I'entreprise dans Ie
but de foumir Ie savoir-faire technique et
d' assurer I' acces aux marches
intemationaux des semences et aux tech
nologies de pointe. Dans Ie cadre de la
cooperation pour Ie developpement entre
les gouvemements de Zambie et de Suede
et par I'intermediaire d'un contrat
d'assistance technique avec Ie MAFF,
Svalof a foumi a l'entreprise un service
d'assistance technique.

Le seeretaire permanent du MAFF etait
aussi Ie president du Conseil
d'administration de ZAMSEED. En ac
cord avec les conditions economiques et
politiques, Ie prix des semences (en
particulier de la semence de mals) etait
contraIe par Ie gouvemement bien que
I'entreprise ait ete autorisee a fixer son
propre prix afin d' assurer un certain
pourcentage de profit.

La production, Ie conditionnement et la
distribution eonstituaient Ies principales
responsabilites de ZA'VlSEED.
ZAMSEED a aehete une exploitation
agricole de 1.200 hectares pour la produc
tion de semence. Les semences certifiees
etaient produites sous contrat par des gros
exploitants agricoles qui devaient etre
membres de ZSPA (150 - 200
producteurs).

La plupart des producteurs de semence
se trouve dans les regions productrices de
mals de Zambie. Ceci a facilite la produc
tion de semence de mals mais les autres
cultures tclles Ie sorgho et Ie mil ont
souffert du manque d'inteHlt et de
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savoir-faire de la part des agriculteurs.
Plus tard, ZAMSEED a commence auti
liser de petits agriculteurs pour la produc
tion de semence de quelques cultures
autofecondees.

L'etendue geographique du pays et sa
mauvaise infrastructure ont pose un gros
probleme aZAMSEED en matiere de dis
tribution de la semence. C'est pourquoi
ZAMSEED jOlle essentiellement un role
de grossiste. en faisant exception de son
magasin de vente au detail situe au siege
social.

Au cours de la periode anterieure a
1991, ZAMSEED a essaye divers types
de marcM du fait essentiellement de la
preexistence d'intermediaires et de leur
aptitude aservir de detaillants aussi bien
pour la semence que pour les autres in
trants agricoles. Ces essais peuvent etre
resumes comme suit:

1981 a 1989: la semence etait
commercialisee par I'intermediaire des
Provincial Co-operative Unions (CPU 
Association de Cooperatives Provin
ciales) qlli etaient quasiment des agences
gOllvernementales responsables de
I' approvisionnement en intrants agricoles
des agriculteurs. Des problemes de non
paiement des deltes ainsi que d'autres
incompetences ont empeche ces
intermediaires de durer.

1990 a 1994: afin d'essayer
d'ameliorer la discipline financiere et Ie
taux de remboursement des prets par les
agriculteurs, Ie gouvernement s'est
toume vers Ia CUSA (Credit Union and
Saving Association), la banque LIMA et
Ie ZCFfFS pour qu'ils assument Ie role
auparavant assure par les PCU. Mais



I'experience a montre que ces institutions
avaient les memes defauts que les PCU.
ce qui a force Ie gouvememem aregarder
ailleurs.

1995 a 1996: Ie gouvemement s'est
toume vers Cavmont et SGS Zambia Ltd.
avec I'espoir que puisqu'il s'agissait
d'institutions financii:res de bon standing
ayant une reputation intemationale pour
leur pouvoir d'inspection de la qualite.
ces institutions pourraient enfin
solutionner Ie probleme du
remboursement des dettes et de la
responsabilite. Ce ne fut pas Ie cas, etles
memes problemes ont refait surface
fo~ant I'abandon de eet accord. Des mil
liards de Kwaclta restent non rembourses.

Les ventes de ZAMSEED sont
presentees dans Ie Tableau I. II faut
toutefois noter que Ie volume des ventes
ne represente pas necessairemem les
marcltes potentiels. La plupart des
grandes cultures autres que Ie mais n'ont
pas etc bien servies. Au COUTS des
periodes racontees ci-dessus, Ie profil des
ventes de semence de mais revele :

• Un taux assez stable des ventes
jusque en 1986/87 :

• l'ne augmentation significative au
cours des trois anni:es suiv'antes de
198788 a 1990/91;

• Cne reduction en 1991r9~ et un
declin de 1992933 19979&.

Les raisons pour Ie profit des ventes
precedent sont les suivantes:

• Un financement et un credit assez
facilement disponible au cours des
annees 80 assure par Ie
gouv'emement de r epoque ;

• Une nouvelle orientation au debut
des anni:es 1990 vers une economie
moins dirigiste plus basi:e sur les
marcltes avec I'abandon des sub
ventions agricoles; et

• Concurrence de la pan d'autres
entreprises suite ala liberalisation.

Entre 1981 et 1990. ZAMSEED a eu Ie
quasi monopole de I'industrie des
semences. Elle a foumi de la semence aux
PCU qui passaicnt des comrnandes de
vrac en fonetion de leurs propres estima
tions. Les PCU n'av'aient aucune
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difficulte a payer puisqu'elIes etaient
financierement soutenues par Ie
gouvemement en raison de leur role dans
la commercialisation des cultures. Les
PCU ont seulement promu la semence de
mals conformement aux politiques de
I'epoque.

Lcs semences de cultures autres que Ie
mals, telles que Ie ble, Ie toumesol, Ie
soja, I'arachide, Ie nieM, Ie riz, Ie sorgho
et Ie mil n'etaient pas disponibles pour la
majorite des agriculteurs. La plupart des
petits exploitants utilisaient de Ia semence
prelevee sur la recolte et conservee sur
I'exploitation pour planter leurs cultures
traditionnelles. Neanmoins a la fin des
annees 80, la lambie elail autosuffisante
en matiere de semence de mals.
lAMSEED faisait du profit et etait capa
ble de payer des dividendes a ses
actionnaires, une certain portion du profit
etant reinvesti dans l'eutreprise pour la
consolider. La situation est restee bonne
jusque en 1993/94.

L'Unite de Service des Semences dans
la Branche Recherche a ele actualisee et a
re~u un stalut d'institution inctependante
(Institut de la Certification et du Controle
des Semences - SCC!) grace a I' aide
financiere et technique de Sida. Le SCCI
etait rcsponsable de Ia certification et du
controle de la qualite des semences. II
servait aussi de secretariat au Comite
d'Inscription des Varietes. Sida, etant un
donneur general supportant la recherche
en amelioration des pIantes, Ie SCC] et
lAMSEED, a ainsi etabli des liens etroits
entre les composants fondamentaux de
I'industrie des semences.
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La recherche sur Ie mais en ZAMBIE

La Branche Recherche du MAFF as
sure I'amelioration des plantes en
Zambic. Le mals a ele Ie point focal de la
recherche pour I'industrie des semences
bien qu 'une recherche sur les semences
d'autres cultures (c'est-a-dire ble, soja et
toumesol) se soit aussi poursuivie pen
dant longtemps grace au soutien d'autres
donneurs. Les graminees fourrageres, les
legumineuses, les legumes, les racines et
les tubercules et Ie sorgho/mil ont ete
ajoutes plus tard dans Ie support du Sida.

Le seleclionneur de malS finance par
Sida a reconstitue SR52 apres avoir
purifie ses vieux parents. L'hybride
reconstitue a ele mis sur Ie marche en
lambie sous Ie nom MM752 en 1984.
Neuf autres hybrides et deux varietes en
fecondation Iibre ont aussi ete mis sur Ie
marche entre )984 et 1992. L'objectif
principal etait Ie cteveloppement
d'hybrides precoces trois voies ou dou
bles mieux adaptes a la culture a petite
echelle. Les rendements en grain des
hybrides trois voies ou doubles sont aussi
plus cleves, d'o-u un approvisionnement
en semence plus abondant et moins cher
pour les agriculteurs.

Les nouveaux hybrides de mals sont
devenus extremement populaires aupres
des agriculteurs y compris les petits
exploitants agricoles. Un taux d'adoption
de 70 % a ete indique pour ces petits
exploitants. Les poliliques gouverne
mentales de soutien au mals qui
cornprennent l'acces a la scmence, aux
engrais, Ie credit, les services de conseil
agricole, la commercialisation et la fixa
tion du prix, soit toutes les activites
fortement stlbventionnees par Ie gouver-
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nement. ont favorise Ie taux d'adoption
eleve.

Une enquete effectuee en 1992 dans la
region de production du rna's a montre
que 88 % des petits exploitants ayant
adopre les hybrides zambiens ont utilise
des engrais au moins une fois pendant la
saison de production. De plus, les taux
d'application d'engrais utilises pour Ie
ma's etaient les second plus eleves
d'Aftique a la fin des annees 80. Les prix
des engrais etaient aussi subventionnes ce
qui les a reduits de 30 - 60 % pendant les
annees 70 et Ie debut des annees 80. Par
ailleurs, 64 % des petits exploitants onl
vendu leur ma's, 42 % ont ~u du credit
pour leur ma's tandis que 47 % ont~u la
visite d'un conseiller agricole (Howard et
Mungoma, 1997). Toutefois en 1988, la
depense gouvemementale pour Ie soutien
du ma's s'elevail a environ 17 % du bud
get total du gouvemement. Un lei degre
de support n'etait evidemment pas dura
ble.

Vamelioration du sorgbo et du mU

Le sorgho el Ie mil ont ete
completement negliges en lambie jusque
en 1980. La chute des prix du cuivre au
milieu des annees 70 et la deterioration de
I'economie nationale qui en a resulte et
que les secheresses repetees qui ont suivi
ont encore aggravee, ont force Ie
gouvememenl et Ie public a trouver des
remplacements au ma's. En 198 I, Ie
gouvemement a pour la premiere fois
annonce un prix officiel a la production
pour Ie sorgho. En 1983-84, avec Ie
soutien financier du Sida, il a recherche
I'aidede rICRlSAT pour son programme
d'amelioration du sorgho et du mil.
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A partir de 1987, Ie programme a mis
sur Ie marche une serie de varietes de
sorgho a rendement eleve. La Figure I
donne Ie rendemenl en grain moyen « sur
la station experimentale » des anciens et
des nouveaux cultivars de sorgho
disponibles en lambie. Les noU\'ealL"
cultivars mis sur Ie marche sont
Kuyuma, une variete a grain blanc
loleranle a la secheresse communement
adoptee: Sima, une variete a rendemenl
eleve et double emploi : WSH 287,
MMSH 1324 el MMSH 1257, des
hybrides a grains blancs, avec un
potentiel eleve el de maturiles diverses :
MMSH 375 et MMSH 413, des hybridesa
grains acre, a rendement eleve et avec des
bonnes qualites pour la brasserie : FSH
22, un hybride fourrager : el WI' 13 et
ZSV 12. deux varietes partiellement
photo- sensibles presentanl une bonne
tolerance aux sols acides dans les zones
de forte plu\;ometrie.

Dans Ie cas du petil mil. les nouvelles
varieres mises sur Ie march.: sonl Kaufela.
Lubasi el Sepo, el Lima el N~ika pour Ie
mil rouge (Eleusine cullivee1.

En depit de progres certains dans Ie
cl6ve1~ent varietal. requipe de re
cherche a renconlre un certain
sc:epticisme surtOUI de la part des equipes
de I'lanificalion de la recherche sur
"adaptation (ARPTl dominees par les
soc:iologues qui sont responsables des
verifications en exploilalions el du
transfert de la technologie aux
agriculteurs. leur scepticisme elail
essentiellement base sur leur com-ielion
que les petits exploilants agrieulteurs
demunis en ressources qui etaient les
prineipalLx producteurs de sorgho el de
mil n'avaienl pas la eapacite d'im-es!ir
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Figure 1. Developpement de variete de sorgho

dans la semence et les autres intrants
necessaires aux cultivars ameliores.

Des experiences ARPT mal realisees
ont donne des resultats contradictoires
indiquant que les cultivars ameliores dans
les conditions de culture sur exploitation
donnaient des rendements inferieurs aux
varietes tradi tionne II es. Que Iq ues
equipes ont meme ete jusqu'i! declarer
que les agriculteurs ne consideraient pas
les varietes ameliorees comme etant du
sorgho en raison de la phenologie
differente.

Afin de contourner Ie probleme,
I'equipe de recherche a propose de tenir
une serie de reunions avant semis
directement avec les agriculteurs dans un
district strategiquement choisi. Les
graines des nouveaux cultivars ont ete
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vendues aux agriculteurs au prix du
marche. Un systeme absolument non
orthodoxe impliquant les ecoles
primaires en zones rurales a bien rendu
service pour cet exercice. L'equipe a
aussi effectue une serie de demonstrations
« en exploitation }} et a invite Ie personnel
conceme qui comprenait les preneurs de
decisions, les ARPT et les agriculteurs.

Le resultat de ces 2-3 annees de
campagne de promotion agressive est trios
encourageant. Les nouveaux cultivars
commencent it devenir populaires aupres
des agriculteurs. Les groupements
d'agriculteurs ont attire l'attention des
preneurs de decisions et des ONG (or
ganisations non gouvemementales) lo
cales travaillant dans la region, qui ont
ainsi decide de tirer parti de cette occasion
et ont inclus la promotion des varietes de



sorgho et de mil dans leur programme.
ZAMSEED qui hesitait II s'engager dans
la production de semence de sorgho!mil
de peur de manque de demande a
commence II recevoir des commandes de
semence.

Face II la popularite croissante des
cultivars ameliores dans la region,
I'equipe de recherche a decide d'exploiter
les secheresses de 1992 et 1994 en se
lan,ant dans la production II grande
echelle et en hors saison de semence de
sorgho et de mil en taot qu'activite
remediant a la secheresse dans Ie pays.
Elle a aussi aide, guide et forme les
producteurs de semences et les
responsables de la production
essentiellement dans Ie domaine de la
production de semence hybride.

Aujourd'hui Ie sorgho est coosidere
comme uoe alternative viable du mals par
Ie programme de diversification des cul
tures et de nombreuses ONG II travers Ie
pays participent asa promotion "I ala pro
duction de sa semence. La production
limitee de semence et Ie manque de
marche pour les surplus de grain resteot
encore des contraintes imponantes
limitant I'adoption generalisee du sorgho.

Kuyuma est particulierement
populaire dans la region de SADC en rai
son de la qualite de son grain et de son ad
aptation generaIe. De meme. les hybrides
II rendement tleve et grain ocre (MMSH
413 et MMSH 375) sont .res demandes
par la brasserie el souvent la demande
depasse la production. Malheureusemenl.
Ie nouveau gouvernement a totalement
abandonne la commercialisation du grain
aux mains du secteur prive et il faudra un
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certain temps II ce dernier pour se menre
en place dans les regions ecartees.

Munyinda (1998) a resume les
realisations des differents programmes
d'amelioration des plantes en lambie.
Quoique les gains en rendement obtenus
etaient parmi les meilleurs pour Ie sorgho
(Fig. 2) et au moins auss; boos que pour Ie
mals (Fig. 3), les taIL' d'adoption sont de
.res loin inferieurs II ceIL' du mals. Le taIL'
moyen d'adoption pour Ie sorgho etait de
37 0'0 contre 70 % pour Ie mals. La
politique de soulien et Ie support
organisationnel donI a joui Ie mals
expliquent cene difference.

Libilralisatlon de "industrie des
semenees

La deterioration de I'economie a force
Ie gouvernement de lambie II menre en
place des reformes economiques II partir
de la fin des annees 80. Ces reformes
(arret des subventions, liberalisation et
privatisation, deregulation du CODtrOle de
I'etal. etc.) se sont acceltrees apres Ie
changement de gouvernement en 1991.
En 1993, Ie nouveau gouvemement
MMD a arrete sa participation direct" II
I'appro\';sionnement en inlrants et a
annule loules les subventions pour loutes
les cultures et IOUS les engrais.
ZAMSEED est aussi devenue pri,-ee dans
Ie cadre du programme de pri\-atisation
meme s'il ne s'agissail pas II proprement
parler d'une entreprise paraetalisee.

Le processus precedent a au moins
temporairement destabilise Ie sccteur des
semences refletant la situation
economique de la nation entiere. Des in
stitutions financieres et de credit cruciales
(ZCFFS, banque LIMA el CLSA) qui
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servaient I'agriculture ont fenne. La
fermeture de ces institutions a entraine
non seulement d'enormcs pertes
financieres pour ZAMSEED rnais aussi Ia
pene de services de commercialisalion
des semences.

La politique de Iiberalisation a attire
plusieurs societes roultinalionales et
entreprises privees de semence sur Ie
marehe zambien. Parmi celles-ci, on
comple PANNAR, Cargill Seed Co., Pio
neer Hi-bred International. Carnia,
l'Institul de Recherche sur Ie Mais (MR!)
et Bio-seed Genetics. Plusieurs de ces
entreprises onl ferme au boul d'une annee
ou deux. Le marche zambien leur est
peut-etre apparu trop petil et trop difficile
apres des lentatives de vente de varieles
introduites peut-etre inadaplees.

A I'exception du MR!, nne entreprise
locale travaillant en cooperation avec
I'Institul de recherche sur Ie mais en
Yougoslavie, aueune autre entreprise n'a
ioveSli dans la recherche locale.
Aujourd'hui il parait peu probable que
beaucoup investissent. L'entree illimilee
de varietes de mais insuffisamment
testees est consideree par beaucoup
comme responsable de I'introduction et
de la dissemination d'une nouvel1e
maladie tres devaslatrice. la
cercosporiose dans Ie pays. Beaucoup des
hybrides existants sont sensibles a la
cercosporiose et sont retires du marche.
Cette maladie necessile desormais de
nouveaux investissements dans la recher
che afin de developper des vaneles
resislanles.

L'arrivee de nouvelles entreprise sur Ie
marche a toutefois accru I'eventail de
choix offert aux agricuheurs pour acheter
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des semences. Ceci a mis ZAMSEED qui
se reposait sur ses lauriers sur ses gardes
el sous pression a mesure que sa pan du
marche de Ia semence de malS diminuait.
Mais la concurrence n'est pas a elle seule
responsable de celie diminulion. La
superficie cuhivee en mais ainsi que
I'emploi de semence fraichement
produite onl fortemenl bais.se du fail de la
reduction du support gou"ememental au
mais. Aujourd'hui les agricuheurs de
Zambie ne jouissenl ni d'approvis
ionnement garanti en semence. engrais et
credil et ni de marche assure pour leur
mais. En 1995 la superficie totale cultivee
en Zambie avail diminue de plus de 15 0.
de 10 superficie moyenne sur 1985-1990
du fait de Ia reduction du suppon
gouvernemenlal el les venles de
ZAMSEED om bais.se depuis un pic de
13.600 mi llions de lonnes en 1989-1990 a
3-4000 millions de loones ces demieres
annees (tableau I).

ZAMSEED a repondu aces
changements en diversifiant sa base de
production et en reorganisanl sa strategic
de commercialisation (par ex., en
recmt_nt ses propres agents el en
installant des magasins pour I'entreprise).
Elle __ussi offert des prix avanlllgeux it.
scs distribuleurs et a promu ses semences
grace it. des demonslrations et des
publicites. La situation reste loutefois
difficile

ZAMSEED pourrail se consolider si
eUe pouvoit rapidemenl elendre ses
activiles aWl cultures autres que Ie mais
donI les superficies plantees som en aug
mentalion el pour lesquelles la concur
rence de Ia pan des autres entreprises est
quasi nulle. Heureusemenl 10 Zombie est
tres en avance sur la plupan de ses voisins



en matiere de recherche sur les semences.
Les possibilites d'exportation semblent
prometteuses it condition que ZAMSEED
puisse conserver Ie controle, la propriete
et acces au germplame ameliore par Ie
gouvemement.

L'accord attribuant la propriete des
varieres selectionnees par Ie
gouvernement it ZAMSEED est en cours
de dispute. II semblerait que ZAMSEED
ait adcmarrer son propre programme de
recherche et de developpement. Mais
apres les pertes financieres qu'elle a
subies du fait de la fermeture de la banque
LIMA, de CUSA et de ZCF/FS, eUe ne
dispose pas du capital necessaire au
dcmarrage de son propre programme de
R&D.

II a ete propose de reorganiser les ac
tions dc ZAMSEED, Ie gouvernement
acceptant de rectuire ses actions de 40 % it
37,5 % ct ZCF et ZSPA de 20 % it 5 %
chacun tandis que les actions de Svalof
Weibull ct Swedfund augmenteraient it
27,5 % et 25,5 % respectivement.

La production de semence est aussi en
train d'etre deccntralisee. II y a eu une
multiplication des DNG impliquees dans
la distribution dc semence et la produc
tion de semence de cultures
autofecondees au nivcau des villages. Ces
memes DNG sont maintenant
encouragees aproduirc des semences de
qualite declaree pour ameliorer
l'approvisionnement cn scmence non
hybride et autre que de mai's au niveau de
la communaute locale. Le rOle des DNG
dans la production de semences par les
petits exploitants consiste it mettrc en
place un secteur des semences parallele
afin de completer Ie secteur officic!'
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Conclusions

L'industrie zambienne represente un
exemple d'industrie des semences jeune
et dans un petit ( en termes de marcM
agricole et des semences local) pays en
voie de developpement ou 60 % de la pop
ulation vit de I'agriculture (et 75 % de
celte population sont des petits
agriculteurs pauvres en ressources) et ou
\'infrastructure est deticitaire. L'industrie
a subi des transformations radicales
depuis son etablissement- en reponse aux
transformations politiques et
economiques survenues dans Ie pays - et
cela continue.

L'industrie a eu nne reussite mitigee :
la recherche a produit d'excellents
resultats. Les volumes de production de
semence ont en general augmente, et en
particulier ceux du mals, h\ ou Ie pays est
parvenu it I'autosuffisance et la qualite de
la semence a ete excellente. II existe
quelques points faibles comme les faibles
volumes de semence des cultures non de
rente et Ie retard quasi generalise des
Iivraisons. Les services de conseil
agricole pour les cultures autres que Ie
mals ne sont pas adequats et les
agriculteurs dans les regions isolees ne
re,oivent pas les varietes de semence
appropriees ou les cultures de leur choix
(Cromwell, 1960). Des personnes se sont
aussi plaintes que ZAMSEED a ete inca
pable de payer des droits sur les varietes it
la Branche Recherche.

L'experience zambienne en matiere de
developpement du secteur mals montre
clairement que les politiques et
I'environnement structurel couronnant Ie
developpement technologique ont des
effets profonds sur la croissance de



I'industrie des semences et de
I'agriculture dans leur ensemble. Les
politiques determinent aussi qui beneficie
de ces progres technologiques.

La politique liberale du gouvemement
apres I'independance accordant des
grosses subventions qui ne pouvaient
durer et son role direct dans Ie credit.
\"approvisionnement en intrants pour Ie
mais, sa commercialisation et sa
consommation ont entraine un
developpement desequilibre, non durable
qui a elimine la majorite des autres cul
tures.

Les revirements soudains des
politiques gouvemementales abandon
nant les fones subventions et annulant
tous les services gouvernementaux
menacent les gains acquis, engendrent
I'incertitude et Ie manque de conliance,
genent les investissements du secteur
prive et entrainent des difficultes pour
I'industrie des semences.

On espere toutefois qu'a long tenne
naitra une agriculture durable et
equilibree dans laquelle les cultures de
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rente domineront dans les zones les plus
developpees du pays tandis que les cul
tures traditionnelles les mieux adaptees a
chaque zone agro-ecologique
predomineront dans Ie secteur agricole
vivrier pauHe en ressources et que
I'industrie des semences repondra atnus
ces besoins de fa~on adequate.
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L'experience de Winrock International
en matiere de multiplication des semences

en Afrique Occidentale atravers: Ie projet
de production de semence en exploitation (OFSP),

1987-1992 et Ie programme d'ameIioration de
la productivite des exploitations (OFPEP), 1992-1998

Alphonse Faye et Pierre Antoine

Introduction

La production de semence au Senegal a
traditionnellement interesse I'arachide, la
principale culture de rente. Les autres cul
tures n' ont re~u qu' une attention et un
financement limites. La nouvelle
politique agricole issue du recent
programme de retablissement econo
mique se traduit par une reduction des
subventions gouvernementales au secteur
des semences. II est prevu que la Di
rection de la production et du contraIe des
semences (DPCS) se retire de la produc
tion et se cantonne au controle de la
quaJite. Bien que la privatisation de la
commercialisation des intrants agricoles
y compris les semences soit encouragee,
il reste ademontrer que Ie secteur prive
pourra remplacer Ie systeme public de
fourniture des intrants agricoles. Dans
l'intervalle, les agriculteurs deviennent
de plus en plus responsables de la produc
tion de leur propres semences.

Vne des principales faiblesses du
systeme d' approvisionnement en
semences pour les cultures vivrieres est Ie
cout eleve de la distribution et de la com
mercialisation des semences au niveau lo
cal. Vne autre concerne les essais limites
realises avec les varietes ameliorees en
conditions normales de culture chez
I'exploitant en vue de determiner la
compatibilite avec les systemes de pro
duction utilises par l'exploitant et
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d'identifier des pratiques culturales
appropriees.

Des methodes inadequates de selection
et de conservation des semences
diminuent les benefices potentiels offerts
par les varietes ameliorees, genent
l'introduction de cultures non
traditionnelles et reduisent la gamrne des
cultures plantees. Compte tenu des
pressions grandissantes sur les produc
tions alimentaires et du besoin de generer
un revenu, de tels problemes ne peuvent
etre ignores.

Winrock International, a travers son
projet de production de semence en ex
ploitation (On-Farm Seed project, OFSP)
et son programme d'amelioration de la
productivite en exploitation (On-Farm
Productivity Enhancement Program,
OFPEP), s'est attaque au probleme de
satisfaire les besoins en semence des
agricuiteurs en ameliorant leurs pratiques
de selection, de production et de conser
vation des semences. La justification de
ces programmes repose sur des estima
tions par I'universite d' etat du Mississippi
(MSV), une institution de renommee
mondiale en matiere de semences, a
savoir que plus de 90 % des cultures dans
les pays en voie de developpement sont
issues de semences selectionnees et
conservees par les agricuiteurs. Celte si
talion est encore preponderante malgre 30
ans d'efforts consacres aux programmes



nationaux de production de semence et
d'imestissements de l'industrie dans la
production de semence et les progra
mmes d' approvisionnemenl. Le
developpement du secteur industriel a ete
important et rassistance foumie n'a pas
ete gachee mais les institutions nationales
de semences doivent encore Irouver les
moyens d'ameliorer reflicacite des
systemes traditionnels de production et de
distribution des semences et de
convaincre les agriculteurs d'inclure les
semeDces ameliorCes dans leurs systemes
traditionnels de production et d'Cchange
des semences.

L'identification reussie (des varietes)
et la production de varietes de semence
approprii:es necessitent c1airement des ef
fons imponants de recherche el de
developpemenl. Mais les agriculteurs
peuvent eux-memes multiplier plusieurs
varietes de semence une fois qu'ils
disposent du maleriel de base. En fait la
production de semence peut consisler en
une petite entreprise rurale a des fins de
generation de revenus.

oeveloppemeat et soutieu
des programmes

Les programmes de Winrock ont aide
les programmes concernant les semences
des organisations non gouvernementales
(ONG) et du Peace Corps amencain au
Senegal et en Gambie au moyen d'une
approche adaptant \'assistance technique
aux besoins exprimes par les petits
agriculteurs. Le soulien apporte aux
programmes de semence peut venir de
sources diverses.

En Gambie, Winrock International a
collabare, souvent sur la base d'un
partage des couts, avec de nombreuses
ONG ayant etabli des activites de produc
lion de semence. Le programme a ~u
une aide technique de I'unite de
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technologie des semences aSapu et lui a
fourni des donnees au champ.
L'USAIDlBanjul a aussi soutenu 1a re
cherche sur les semeoces dans sa strategie
de developpement pour la Gambie.

Le gouvemement seni:galais soutient
activement les efforts de recherche et de
production de semence, Winrock Interna
tional a prete assistance aux programmes
nationaux de recherche et de production
en identifiant d'abord des pratiques
agricoles ameliorees et les varietes
associees el en formant ensuite les
conseillers agricoles des ONG et du Peace
Corps amencain menant en place des
activites d'amelioration des semences au
niveau des villages. Winrock Interna
tional a aussi grandement cootribue a la
conception du programme riz du Peace
Corps et acelie des programmes agricoles
de World Vision International et de Chris
tian Children Fund,

L'aide apportee par Winrock Interna
tional aux ONG et au Peace Corps
americain a consiste a ami:liorer leurs
activites deja existantes en spportant for
mation et assistance technique. Le projet
a aussi lance la mise en place de liens
fonctionnels entre les groupes locaux et
regionaux, les institutions nationales de
recherche agronomique (telles que
I'ISRA au Senegal et runite de
technologie des semences en Gambie) et
les consortiums ou programmes
internationaux tels que les programmes
d'appui a la recherche concenee (Collab
orative Research Support Programs 
CRSP) y compris lNSORMIL.

L. philosophle du programme
semence de Winrock Inlem.rioua!

La philosophie de Winrock Interna
tional a deux composantes principales:
( I ) la collaboration, du fait que toUles les
activites de diffusion sont assurees par
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I'intermediaire d'institutions de
cooperation, essentiellement les ONG,
Jes organisations communautaires de
base (OCB) et au Senegal, Ie Peace Corps
americain, et (2) Ia participation, du fait
que les techniques traditionnelles de pro
duction de semence et les problemes sont
etudies avec les agriculteurs avant que
toute activite ne soit entreprise. L'objectif
along terme du programme semences de
Winrock International comprend la
modelisation de systeme(s) de production
de semence en exploitation agricole de
fayon que Ie ou les modeles puissent
servir ou etre adaptes a d'autres
domaines. Cette philosophie peut etre
analysee suivant differents angles:

ReprQductilJilittf

En raison de la diversite des interets
poursuivis par les ONG, Ie programme
semence de Winrock International adapte
ses services de fayon a subvenir aux
besoins de chaque organisation. Ceci
s'est avere un moyen valide d'aider Ie
personnel de terrain des ONG dans Ie
domaine des semences. Cette politique
devrait etre reutilisee Ii condition que la
formation et J' assistance technique aient
la souplesse necessaire pour adapter
chaque service au besoin unique de
chaque ONG. Le programme semence de
Winrock International met en place des
programmes de formation de base,
pouvant etre modifies pour convenir aux
besoins d'une audience particuliere et
portant sur la production de semence et la
culture du riz. Dans certains cas, Ie
programme semence de Winrock Intema
tional assure une assistance technique
portant sur la production et la culture des
pi antes plutot que la production de
semence, Ii la demande d 'unc
ONG/partenaire.
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Innovation et direction

La plupart des programmes semence
dans les pays en voie de developpement
recherche I' exploitant agricole ouvert sur
Ie marche pour en faire un bem,ficiaire de
leur technologie et par consequent les
gros exploitants sont les beneficiaires
principaux. L'approche de Winrock est
de faire des petits exploitants la cible
principale de son programme semence.
Le programme interesse la base, Ie per
sonnel de terrain des ONG et les
volontaires travaillant au niveau du vil
lage assurant la liaison entre Winrock et
les exp]oitants chefs de file. Grace a sa
philosophie de participation, Winrock en
courage I'etablissement d'exploitants
dans chaque village ou OCR

Implications politiques

Un facteur critique de tout projet est
qu'il soit conforme a la poJitique
nationale du pays dans lequel i1 prend
place. L'activite semencc dc Winrock a
satisfait il cette condition de conformite
aussi bien au Senegal qu'cn Gambie. Au
Senegal. la politique agricole tend a
reduire Ie role du gouvcrnement dans
I'approvisionnement des intrants
agricoles et it promouvoir Ie
developpement du secteur prive dans
]'industrie agricole, Le programme
semence de Winrock apporte un
complement iI cette politique sous ]a
forme de modeles de systemes de produc
tion de semcncc en exploitation issus de la
promotion de la production de semenee
au niveau du village comme en
temoignent Christophersen et a1. (1998)
lorsqu 'ils relatent I'adoption de semence'
ameliorees de mil comme J'une des
consequences les plus interessantes de la
maniere dont Winrock aide les villageois
iI rcpondre a la presence de
l'USAIDiSenegal dans leur region et



qu' iIdonne forme charnelle au.~ synergies
entre la gestion amelioree des ressources
nature lies (NRM) el les nouveaux
objectifs strategiques (SO) de
decentralisation et de privatisalion.

Des essais de semences ala
multiplication des semences en
exploitation

Contrairement a la majorite des
programmes de produclion de semence
dans les pays en voie de developpemenl
qui s'inleressent uniquement au
developpement de programmes de
semences nationaux, Ie programme
Winrock s'anache essenliellemenl a
('introduction de semences de varietes
ameliorees par Ie biais d'essais de
demonslralion el de journees portes
ouvertes afin d'ameliorer la formation
assuree d'agriculleur a agriculreur et
('apport d'aide lechnique concernant la
mulliplication des semences ella
technologie des semences.

Dans la plupart des cas, comme
t'illustre la section suivante. cette
philosophie de collaboralion va au dela de
la simple relation avec les seules ONG et
comprend les OCB creees par les
agriculreurs el parrain';"s par les ONG.
Ceci permet aWinrock de parvenir aun
des buts principaux du programme a
savoir : « certaines communautes
assureront Ie systeme local de production
et de distribution des semences soit par
(,intermediaire de cooperalives soit par
l'intermediaire de personnes
individuelles fondatrices d'entreprises
privees ).

Une elude de Winrock realisee en 1993
par D. Heinen dans Ie nord du Senegal en
collaboration avec World Vision.
confmne la mise en place d'un syslemede
commercialisation des semences de mil et
de niebe produiles par quelques
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exploilants. L'elude a monrre que la ,'enle
des semences peenail place efTeetivemenl
a differenls ni,'eaux : eOlre les
agriculreurs du meme \'illage. entre \'il
lages el sur les marches hebdornadaires,

Toutefois, World Vision n'a pas
enregisere les quanlites produiles par la
multiplicalion el a simplement comPle les
quanliles qu'il a achelees, preparCes sur
son cenlre, puis vendues comme
semences certifiees, Ceei signifie qu'une
certaine part de la semence produile, mais
non enregistree, a ele vendue sur les
marches el dans les \'illages sous des
emballages divers. Ces emballages de
fortune pose I. question de sa\oir com
menl un tel praduil peut etre pen;u comme
cIanI de qualile par comparaison ace qui
est vendu habiruellement sur Ie marche.

La reponse acene queslion se trou"e
dans ('efTel que les demonstrations de
,'arietes ameliorees ont eu sur les
exploilants du village et des villages
\'Oisins. La publicile de bouche a oreille et
la reconnaissance des competences des
« conseillers de brousse )) (a1!riculteurs
chefs de file) onl genere des venles
acaues.Dans certains cas. les .. conseil
leI'S" de brousse realisem des tests de ger
mination dans de petiles bassines en melal
chez eux et les montrent au.~ a<helenT'S
potelltiels. Les enqucles ont monm: que
les ventes dans Ie \illage et les \'illages
voisins onllieu avec les ache-leun. ';enant
directement chez Ie conseilIer de brou."SC
pour acheler, payer et emponer, parfois
avec des commandes des autres
agricuheuT'S du meme \illage.

ue.ificlaires du projet

Winrock Internalional a assure une for
malion. une assistance lechnique ainsi
que d'aulres services aupres des O~G el
du Peace Corps americam, permenant
ainsi aleurs personnelsde menre en place



plus efficacement leurs propres
programmes de developpement agricole
au Senegal et en Gambie. Les
beneficiaires du programme sont done les
ONG et les petits exploitants agricoles.

Petits exp/oitants agrico/es

Les programmes ont de maniere
directe ou indirecte par Ie biais de la mul
tiplication des semences, les
demonstrations en champ et les
programmes de formation profite aux
personnes. II a ete estime que plus de
100.000 petits exploitanls ont benefici.
entre 1988 et 1998. Au moins deux tiers
de ces beneficiaires etaient des femmes,
compte tenu de l'importance accordee au
riz par ces programmes, une cereale
principalement cultivee par les femmes
dans Ie sud du Senegal et en Gambie.

Au nombre des ONG beneficiaires les
plus en vue, on compte:

&WffleOWnnNMroMn~C~

La Gambie

SCF possede un programme diversifie
recouvrant la sante, la production de
vivres et I'education dans [a division de la
Rive Nord (North Bank) de la Gambie.
Environ 30 % des ressources de SCF sont
consacrees aux activitcs agricoles et ont
pour objet d'aider 10.000 agricultrices
dans 24 villages II accroitre la production
de vivres grace au maraichage,
I'introduction de nouvelles varietes de riz
ct la multiplication de semences. Le
projet OFSP de Winrock International
aide SCF depuis 1988 en : (I) formant des
agriculteurs II la production de semence,
aux manipulations apres-recolte et II Ia
culture du riz ; (2) assurant une assistance
technique en matiere de riziculture ; et (3)
aidant la planification des activites de
multiplication et de demonstration des
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semences. La composante riz de SCF
concernait au depart 25 cultivateurs sous
contrat de production de semenee de riz
dans 10 villages. In 1991, oncomptait 117
cultivateurs sous contrat dans 20 villages
produisant de la semence sur 21 hectares.

Freedom from Hunger Campaign
(FFHC), La Gambie

FFHC travaille avec des agricultrices
pratiquant la culture du riz dans 32 vil
lages des divisions de Lower River, North
Bank et Mac Carthy Island de la Gambie.
FFHC concentTe ses efforts sur
l'introduction de nouvelles technologies
rizicoles dans les marais littoraux et les
zones de basses terres sous pluie,
encourageant la recolte inondee,
controlant l'intrusion d'eau salee et
renforyant les institutions villageoises.
L'aide de Winrockil FFHC a indus Ia for
mation du personnel de terrain II la culture
du riz, des vi sites en champ pour
surveiller la multiplication des semences
et les parcelles de demonstration et I' essai
d'un prototype de semoir de riz.

World Vision International, Sinigal
(WVI)

WVI possede un programme integre
portant sur l'eau, l'agriculture et la sante
dans Ies regions de Louga et Thies et ser
vant plus de 320 villages pour une popula
tion totale de 150.000. Ces regions
septentrionales du Senegal desservies par
WVI sont devenues de plus en plus
marginales pour I' agriculture en raison du
declin de la pluviometrie (250-300 mm
par an), de la deforestation generalisee et
du declin de la fertilite des sols. Winrock
International, a travers ses programmes
OFSP et OFPEP, a organise plusieurs ses
sions de formation pour Ie personnel du
WVI et les agriculteurs. Vingt-cinq
membres du personnel du WVl ant



initialement ete formes par OFSP.
Quarante conseillers de brousse charges
des demonstrations et de la multiplication
des semences aupres des agriculteurs ont
aussi ete fonnes. WVI a assure la multi
plication de semences de mil et de niehe
par I'intennediaire de 60 conseillers de
brousse repartis dans 57 villages.

Christitul Chi/tin" 's
Fu"d (CCF), Si"igal

La collaboration entre Winrock Inter
national et CCF integre des efforts visant
a ameliorer I'acces des agriculteurs aux
semences de qualile et des acti~;tes visant
a ameliorer la fertilite des sols et la
gestion des exploitations. Celle collabo
ration repose sur l'existence de six or
ganisalions de base communautaire
financees par un systeme de parrainage
des enfants. Les OCB jouenl un role im
portant dans I'adoption etla diffusion des
technologies presentees par OFPEP el
representenl un maillon reel dans la for
mation des agriculleurs. la mise en place
de pareelles de demonstration et Ie suivi
des aClivires concernant les semenccs en
affectant les membres les plus
dynamiques et les plus compelents aux
postes ami-temps de conseillers agricoles
pour Winrock.

L' experience a montre au Senegal
qu'un acces facile aux semences est un
facteur crucial de I'accroissement de
I'utilisation des semences ameliorees
paree que une fois que les agriculteurs
sont convaincus que les varieles
ameliorees sont nellement meilleures que
leurs varietes traditionnelles I'adoption
de ces varieles reste dependante de la
disponibilite en semences au niveau local.
Seul un systeme decentralise de produc
tion et de commercialisation des
semences peut efficacement assurer
I'approvisionnement en semences des
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agriculteurs repartis dans les 41 viI1ages
composant les six OCB. Au travel'S des
OCB, Winrock International a forme six
conseillers agricoles specialistes des
semences et 73 produeteurs de semences.
A la suite de celle formation et de visites
en champ, Ie personnel de chaque OCB
suitla production de semence de mil et en
assure la commercialisation.

Condusions

La mise en place des activires semence
de Winrock International depend de la
collaboralion avec des organisations
ayant des activites serneoce en cours ou
planifiees et un nombre adequat de
representaots sur Ie terrain. Au travers de
ces programmes en collaboralion,
Winrock International a facilile Ie
developpernent d'un JlKldele de produc
tion de semence en exploitation qui
profite atous les parris impliques :

• Les agriculteurs onl plus facilement
acces aux semences de varietes
ameliorees qui sont produites
localement :

• Les ONG beneficient d'un
programme semence qui assure des
services utiles aux agriculteurs :

• Les nouvelles lechnologies des in
stitutions de recherche (par
exemple ISRA) sont offertes aux
agriculteurs et ceux-ci donnent
leurs reactions. Celles-ci sont .res
utiles pour Ie developpement des
technologies furures.

En outre il aurait ete difficile de
developper ces activ;tes sans la fonna
tion, l'assistance technique et Ie role de
facilitateur assures par Winrock Interna
tional. Les gestionnaires des O!\G oot de
nombreux roles aassurer lors de la mise
en place d'activiles de recherche asamir,
la gestion du personnel et du budget.. Ie



support logistique et les liaisons avec
leurs quartiers generaux. Les aspects
techniques et la fonnation necessaire pour
leurs programmes sont souvent difficiles
agerer en raison des contraintes de temps
et du manque d'expertise technique
interne. Winrock International a la
capacite de fournir des services dans Ie
domaine specifique de la technologie des
semences, qui peuvent s'averer utHes aux
programmes agricoles des ONG, en
ameliorant leur efficacite et par voie de
consequence en profitant aux
agriculteurs.

Une autre conclusion de ce programme
est qu'il est possible de trouver dans la
plupart des communautes agricoles du
Senegal et de Gambie des petits
exploitants capables de produire des
semences de qualite des diverses plantes
cultivees. Avec des encouragements
appropries et des conditions de commer
cialisation adequates ces agriculteurs
peuvent devenir des producteurs de
semences sous contrat et constituer la
premiere etape vers Ie developpement
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d'un secteur prive de production de
semence.
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Rapport du Rapporteur

S.c. Gupta

La production de semence bybride dans
les pays en voie de developpement

Premiere journee - Deuxieme seance

Toutes les presentations ont ete tres
c1aires et par consequent il n 'y a eu
aucune question concernant les quatre
presentations faites pendant cette session.
Les paragraphes suivants recapirulent les
principaux points developpes :

B.R. B3I"\\'ale a raconte I'epopee de
MAHYCO Hybrid Seeds aux lndes. na
commence a produire la premiere
semence hybride de mais en 1964 avec Ie
soutien de L.R. House et la fondation
Rockefeller. En 1965,Ie premier hybride
de sorgho, CSH I, a ete lance sur Ie
marche iodien et MAHYCO a produit 3,2
toones de semence sur 1,6 hectares. Pour
la production de semence de sorgho
hybride, MAHYCO a diJ faire face au
probleme de la moisissure du grain et
pour y remooier a commence a produire la
semence pendant la saison seche. Pen
dant les 3 -4 premieres annees il n'ya pas
eu de semence invendue. MAHYCO a
installe une usine de conditioonement de
la sernence avec I'aide de I'USAID et plus
lard a ouvert un magasin. lnitialement la
semence de prebase etait exclusivement
produite par la Societe Nationale des
semences (National Seed Corporation 
NSC), mais Ie monopole lui a plus lard ete
retire. Les semences selectionnees ont ete
donnees aux organisations competentes
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afin qu'elles produisenl la semence de
base. Celle-ci etait cenifiee par les
societes semencieres de I'etat. Pour
I'industrie des semences, les poims
essentiels sont les reglementations
concernam les semences. I'usine de
conditionnement des semences et
I'entreposage, un etiquetage veridique et
la certification. Les agriculteurs. toujours
ala recherche du profit final, acbetent des
semences de bonne qualite. Les subven
tions appliquees amI semences ne sont pas
necessaires meme si initialernent elles
aident Ie programme de production de
semences.

Gebisa Ejeta a presente I'hisloire de
Hageen Dura-I (mis sur Ie marcbe en
1983 au Soudan) qui est a I'origine de
I'induslrie des semences au Soudan. Le
sorgho est cultive sur 5 millions
d'hectares au Soudan soit panOul oil il est
possible de faire pousser une culrure. Les
differents systemes agricoles nous 001 ete
presentes ainsi que r organisation de
I'induslrie des semences et les hauts et les
bas de la production de la semence de
Hageen Dura. Le developpemem de
I' induslrie des semences est durable mais
lent. n a ete souligne que les petits
agriculteurs pauvres des pays en voie de
developpement n'acheteront de semence



que s'ils peuvent en tirer un profit. Une
industrie des semences durable est possi
ble seulement avec Ie soutien du
gouvernement et d'une politique
gouvemementale favorable. Une prise de
conscience du public est vitale it la
reussite de I'industrie des semences.

Bola Nath Verma a relate I'histoire et
I'acquis de I'industrie zambienne des
semences. La Zambie offre un exemple
d'une industriejeune dans un pays en voie
de developpement avec une mauvaise in
frastructure et un marche local reduit.
L'industrie a subi des transformations
radicales en reponse a I'evolution des
conditions politiques et economiques du
pays. Initialement, ZAMSEED ne
s'interessait pas it la production de
semence de sorgho puisque son role
consistait principalement it multiplier la
semence de maYs. Recemment, des
possibilites d'exportation de la semence
de sorgho ont ete reconnues. Les
politiciens requierent en general une
education et/ou des pressions pour ceder
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au changement. De nombreuses
entreprises de semence se sont
recemment implantees en Zambie.

Pierre Antoine a decrit Ie programme
de production de semence de Winrock In
ternational qui a debute en 1987 au
Senegal et en Gambie. L'objet n' etait pas
de creer une industrie des semences mais
d'aider les agriculteurs it produire de la
semence. Le projet re90it un soutien de
l'USAID, l'IFAD, Cargill, etc. Le projet
ne S'interesse pas pour Ie moment ala pro
duction de semence hybride. Alphonse
Faye a explique que Ie secteur prive est
responsable de la production de semence
tandis que Ie gouvernement est
responsable du contrale de la qualite des
semences.

L.R. House a remarque que la contribu
tion de chacun - que ce soit Ie
gouvernement, les agriculteurs, les
producteurs de semences ou les
chercheurs - est necessaire pour la
reussite d'un programme de semence.



Lundi 28 septembre - Troisieme seance

Statut actuel de la production de semence

Moderateur - DarreU Rosenow,
INSORMlUfexas A&M Univenity



Systemes d'approvisionnement en
semence de petit mil 8U Niger

Jupiter Ndjeunga et Aboubakar Sidi

Resume

Ceue presentation examine la stnJ<;lUre
et la performance des syslemes officiel et
para lie Ie d'approvisionnemenl en
semence de petit mil au Niger. Des
donateurs onl investi plus de 4S millions
de dollars ami:ricains dans des projets de
production de semence au Niger au cours
des deux demieres decennies. Ces
investissements se sont dans une tres
large mesure soldes par des <':chees. Les
systemes publics d'approvisionnemenl
en semence fonclionnent systemati
quemenl it perte a10rs que les agriculleurs
se plaignenl de la mauvaise qualite des
semences ou du manque d'acces aux
semences. Les systemes paralleles de pro
duction de semence it r <':chelle du village
fonctionnent eux, par contre, tri:s bien. En
regie gtnerale, la plupart des agriculteurs
prelevent leur semence de petil mil sur
leur propre ri:colte ou I'obtiennent aupres
de leurs voisins ou sur les marches de vil
lage. La qualile de la semence est elevee
et toute une garnme de vmetes est encore
proposee. Les systemes semenciers
villageois constituent un moyen plus
economique et plus efficace d'appro
visionner les agriculteurs en semence. A
I'avenir.les investissements consacresau
developpement des systemes d 'approvi
sionnement en semence devraient viser
I'ameliorlltion de la capacite des syslemes

villageois it conserver puis distribuer les
slocks de semence mis en reserve pour les
annees de secheresse. Les producleurs de
semence les plus competenlS du village
devraient eire encourages it devenir des
entrepreneurs charges de la multiplica
tion el de la distribution des nou"elles
vmeles ameliorees de petit mil.

Introduction

Au cours des 20 dernieres annees. des
organisations donatrices l nalionales el
intemationales onl investi plus de 45 mil
lions de dollars americains dans des
projelS de multiplication et de distribution
de semence au Niger. A travers une s<':rie
de projets de recherche, de conse;l
agricole el de dh'eloppement rural
integre. les ONG se soot fortemeOI
etlgagees dans Ie developpement ella dis
tnbution de vmetes ella foumiture de
sernence aux uti Iisaleurs. Ces projelS oot
pour la plupart ecboue. Les uniles de pr0

duction de semence (SPU) ont rencontre
de nombreuses di fficultes en raison
essentiellement de I'etendue enorme du
projel qui a rendu insoutenables les
acti,iles de production el de distribution
des seR1ellces (Mazuccalo el Ly, 1993).
Les stations de recherche o'ont pas ele
capables de foumir aux SPU les quantites
de semences de prebase necessaires pour
en assurer la multiplication et moins de

I Lc:sorganisatioDsdoaatncesCompUlbdlI rAteacIt AmCncamrpu kon"doppcmmll~tl'S."ID).kf~E~
de 1Jreo\:eloppe:-ment ,FED I: r_,,~ Cmadiamc ck ()h-eloppr:mem InlctNboDaJ f ....COlt a. 8aDquC' JIlIa'nIboRL~ ~v 1& RiIo......
nuc:tion erie o,e.'.-ekJppcment fiORD) er k IOU'iftT<men1 du Sip.
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30% des semenccs ameliorees produites
pour Ie petit mil ont ete effectivement
vendues. Les agriculteurs, les ONG et Ies
directeurs des projets de developpement
rural integre se sont tous plaints du man
que d'acees a la semenee ainsi que des
Iivraisons trop tardives et de Ia mauvaise
qualite des semences foumies par Ie
systeme public. Des faibles reserves en
semences de prebase, la mauvaise qualite
de la semence, une evaluation incorrecte
de Ia demande et des systemes de distribu
tion inadequats constituent Ies principaux
obstacles aIa multiplication et Ia distribu
tion des semences au Niger (Ndjeunga,
1997), La combinaisoll de tous ces obsta
cles rend I'adoption des varietes
ameliorees quasi-impossibJe (moins de
I% des superficies cultivees) et par
consequent Ia rentabilite des
investissements dans la recherche et Ia
multiplication des semences est tres fai
ble.

Pendant et apres Ia peri ode
d 'engagement dans Ies projets
semeneiers (1976-1992), Ie secteur prive
a montre peu ou pas d'interet dans la mul
tiplication et la distribution des semences,
en particulier des semences des cultures
vivrieres telles que Ie petit mil qui ont un
taux de multiplication eleve et par
consequent un marche potentiel
probablement limite. La mauvaise perfor
mance du secteurpublic et Je peu d'interet
commercial montre par Ie secteur prive
dans Ia multiplication et la distribution de
la semcnce du petit mil ont suscite la re
cherche d' autres systemes d' appro
visionnement en semence. Les marches
de village representent un de ces autres
systemes, Les agriculteurs prelevent en
core Ia majorite de la semence dont ils ont
besoin sur leur n'colte ou en echangent

70

avec des VOISIllS ou des parents ou
l'achetent sur Ies marches Iocaux de vil
lage.

Un travail de recherche recent dans des
pays moins developpes souligne
I'efficacite des systemes semenciers
locaux de village pour foumir Ia semence
et resoudre les penuries de semence abas
coUt. En 1990, une enquete conduite
aupres des menages ruraux de petits
expJoitants agricoles du Malawi revelait
que 68 pourcent de ces petits agriculteurs
utilisaient leur propre grain comme
source principale de semence de mals ; les
voisins et les parents servaient de source
secondaire de semence dans 44 pour cent
des cas tandis qu 'un nombre tres faible (4
pour cent) utilisaient Ie march<' local
comme source secondaire de semence.
Une petite fraction des agriculteurs
interroges manquait systematiquement de
semence (Cromwell, 1996), Dans Ie sud
du Zimbabwe, en depi! d'un marche des
semences rc1ativement bien developpe,
environ 64 et 44 pour cent des
agriculteurs interroges au cours d'une
enquete aupres des menages ruraux en
1995/96 prelevent Jeur semence de petit
mil et de sorgho sur les recoltes
precedentes. Respectivement 30 et 32 %
obtiennent leur semence de petit mil et de
sorgho aupres de leurs voisins, parents ou
amis. Les penuries en semenee sont
resolues dans Ie cadre des echanges
villageois et la plupart des echanges sont
gratuits (Rohrbach, [997).

Cet article compare la performance des
systemes offieiel et paralleJe
d'approvisionnement en semence de petit
mil et pose Ia question de savoir si les
systemes paralleles d'approvisionnement
en semence peuvent assurer la



disponibilitC de la semence de perit mil au
Niger. Les resultats peuvent etre
appliques aux autres pays des regions
tropicales semi-arides de I'Afrique
Occidentale et Centrale oil les conditions
sont similaires <Tcbad et Burkina Faso).

llistorlqoe do cteveloppemeot do
seeteur officiel de ,• ..,mence de pedt
mil ao Niger

Au Niger, les systemes officiels
d'approvisionnement en semence de petit
mil sont Ie produit d'une mise en place en
deux phases accompagnee de modifica
tions structurales et iostitutionnelles. La
multiplication et la distribution des
semences de cereaJes ont commence en
1976 avec Ie projet Niger Cereal Research
(NCR - Recherche Ce.ealie.e au Niger)
finance par I' Agence Americaine pour Ie
Developpement International (USAID).
Les objectifs principaux du NCR
consistaicnt esseotiellement a augmenter
la capacite de I'infrastructure semenciere
de fatron a pouvoir foumir chaque annee
la quantite de semence requise pour
ensemencer un tiers des superficies
cultivees. Le projet a etC mis en place en
deux phases. La premiere a
priocipalement consiste a mettre en place
les infrastructures humaines et physiques
necessaires ala multiplication et la distri
bution des semences tandis que la
seeonde phase a sen; a appuyer la recher
che agronomique et la production
agricole. Simultaoement Ie projet a tente
de redonner de I'essor au secteur de
I'approvisionnement en intrants. et plus
par!iculierement en engrais par Ie biais
des cooperatives. Au cours de celie phase,
six unites de production de semence
(SPU) ont ete construites et equipees de
laboratoires ainsi que de larges unites de
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stockage et de conditioonement des
semences. De plus. quatre tcchniciens
speeialistes des semences et 14 autres
techniciens ont ete formes aux inspec·
tions en champs et aux tests de
laboratoire.

Le developpement varietal et la pr0

duction de semences de prebase ont ete
entrepris par I'lnstitu! National de la Re
cherche Agronomique du Niger
(INRAN). La production de la semence
de base etait assuree par la SPU aLossa.
Cette semence de base etait regroupee en
larges lots de semences inscntes par les
SPU et la multiplication des semences
certifiees ctait .-ealisee sons contrat par les
agriculteurs sous la surveillance des
unites de production et de coobi>le de la
qualite des SPU. Le cODbi>le de la qualite
de la semence pour les semeoces de
prebase et la semence de base.
c'est-a-dire les inspections eo champ et
les tests apm mohe. etait assure par la
SPU de Lossa tandis que pour les
semences inscrites et certifiees. Ie
controle etait la responsabilite des
inspectcurs et des techniciens des
laboratoires de semence des SPU
conformement au reglemen! de
l'Association internationale d'essais de
semence (International Seed Testing As
sociation - 1STA) tel que specifie dans
I'Acte de Certification des Saliences de
1976. Les semences ameliorees etaienl
distribuees et veodues aox lI/!riculleurs
par les cooperatives.les ONG, les SPI.:, la
direclion regionale de I'agriculrure et les
projels de developpemenl. Les prix
etaient fixes par Ie gouvememenl pour
toules les categories de semence. A la fin
du projel en 1989. en depit
d'investissemenls massifs dans les
acti~itesde multiplication et de distribu-



tion des semences, les unites de produc
tion de semence fonctionnaient
systematiquement aperte et ne pouvaient
pas par consequent durer.

Pendant cette phase, les unites de pro
duction de semence ont rencontre de
nombreuses difficultes dues
essentiellement a I'immense portee du
projet qui les a rendus insoutenables a
long tenne. Les unites de production de
semence se sont plaintes des livraisons
tardives et insuffisantes de la semence de
base et des semences de prebase par
I'INRAN et la SPU de Lossa. Les
agriculteurs avaient peu acces a la
semence de nombreuses varietes
ameliorees miscs sur Ie marche. En fait,
des 17 varietes ameliorees commercial
Isees, seulement trois etaient
effectivement multipliees et distribuees
(tableaux I et II). Le projet n'a jamais
atteint son objectif de fourniture de la
semence necessaire pour emblaver un
tiers des superfIcies totales cultivees en
petit mil. En moyenne au cours de cinq
demieres annees du NCR, seulement en
viron 10 % de la production semendere
cible a ete effectivementproduite (tableau
III). En raison du nombre tres restreint de
points de vente et des problemes de trans
port lies a Ia dispersion des agriculteurs
dans des regions isolecs d'acces diffidIe,
la semence certifiee est restee peu acces-

sible aux agriculteurs et a souvent ete
livree en retard. Du fait d'une estimation
erronee de la demande, moins de 30 % de
Ia production de semence a ete
effectivcment vendue (Tassiou, 1996).
Compte tenu de J'immense portee du
projet, la mam d'reuvre disponible s'est
averee insuffisante pour pouvoir
effectoer correctement toutes les inspec
tions en champs et tous les tests apres
recolte. En consequence, seulement un
petit nombre des agriculteurs sous conlrat
a Me suivi et un grand nombre des
agriculteurs sous contrat n'a pas respecte
les distances d'isolement necessaires au
maintien de la purete. De plus, les
semences achetees par les SPU aupres des
agriculteurs sous contrat n'ant pas ete
correctement inspectees. Le resultat a ete
des semences de mauvaise qualite et de
nombreux agriculteurs, ONG et projets de
developpemem rural se sont plaints des
faibles taux de germination et de la
mauvaise viabilite des semences.

Le prix de Ia semence etait fixe par Ie
gouvemement sans trap se preoccuper du
prix des grains sur les marches locaux de
village et du cout de production de la dite
semence. Entre 1985 et 1988, Ie cout
moyen de la production de semence de
mil certifiee par une SPU etait estime a
1.720 cfa/kg alors qu'elle etait vendue
aux agriculteurs 100 cfa/kg soit moins

Tableau I. Production de sernence certifiee de petit mil (toDnes) par les SPU par vanete entre 1985
e11989.

Annee

HKP

ClVT
Ba-angourie
P3kollo
Total

1985
576

2885
o
50

3511

1986
569

1354
o

436
2359

1987
76
334

2
26

438

72

1988
632

731
\0

273

164"-

1989
o

226
5
o

231

Moyenne
370,6
1106
3,4
157

1637
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que Ie prix moyen du grain de 130 cfa/kg
sur les marches locaux (Rachmeler.
1991 ). Ainsi done. les prix des semences
etaient enonnement subventionnes par Ie
projet et ilIa fin decelui-ci en 1989, en rai
son de I·absence de financement

exterieur. la SPU a pratiquement cesse
d'exister.

En 1989. Ie gouvemement du Niger et
les organisations donanices ont ..eevalue
les strategies de multiplication et de dis-
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tribution des semences et ont lance un
nouveau projet : Ie Projet de Develop
pement de I'Activite Semenciere au
Niger (PDASN) finance par I'USAID
avec pour objectif final de tirer les le90ns
de l'echec des projets semenciers
precedents a savoir : I) mauvaise
planification de la production de
semences, 2) mauvais controle de la
qualite des semences, 3) estimation
erronee de la demande, 4) distribution et
promotion, et finalement 5) I' absence
d'un plan viable de stoekage de semenees
de securite. Malheureusement, ce projet
n'ajamais vraiment demarre et en 1992 il
a ete abandonne. Encore une fois Ie
gouvemement a reevalue ses strategies en
decentralisant toutes les activites de mul
tiplication et de distribution des semences
au niveau regional. Les regions avaient
desormais la responsabilite de fixer les
prix, de planifier la production de
semences et d'en assurer la distribution.

La phase actuelle, la troisieme, a
commence en 1992 avec la creation des
centres regionaux des semences. Le capi
tal de depart pour ces centres provenait de
la vente des stocks de semences et
d'engrais laisses par PDASN. La gestion
de ces ressources monetaires revenait aun
comite regional des semences compose
du Prefet, du directeur regional de

I'agriculture et de representants des autres
institutions engagees dans I'approvision
nement en semences. II existe a l'heure
actuelle trois systemes de multiplication
et distribution des semences : production
des semences dans les parcelles
gouvemementales sans participation des
agriculteurs, production sous contrat par
les agriculteurs ou une combinaison des
deux systemes precedents. L'unite de
production de semence de base de Lossa
et la SPU de Guecheme continuent a
produire des semenees dans les parcelles
gouvemementales sans faire appel aux
agriculteurs. Les SPU de Kourougoussao
et Doukou-Doukou passent des eontrats
avec les agriculteurs pour assurer la mul
tiplication des semences landis que la
SPU de Magaria engage les agriculteurs
sous contrat pour la multiplication de la
semence commerciale mais continue a
produire la semence inscrite dans les
parcelles gouvemementales. Alars que
les autres SPU fonctionnent encore avec
de grosses pertes, celIe de
Kourougoussao a enregistre relativement
peu de pertes en 1996 et pourrait devenir
rentable si la depreciation along terme de
l'actifn' etait pas prise en compte (tableau
IV). La grande reduction des pertes a
Kourougoussao a ete attribuee au fait que
les agriculteurs etaient entierement
responsables de la multiplication des

Tableau IV. Rentabilite des unites de production de semence au N"Jig"e"r-,e",nc'l"9,,-9,,,6.~ _
Unites de production Profit au pertes Cout moyen de la production
de semence (era) de semence1 (cfakg l

)

SPU de Lossa
SPU de Magana
SPU Kourougoussao
SPU de Guecheme
SPU de Doukou·Doukou
SPU ofHamdallaye

1633
1151
305
880

n.3. n.a.

__~N~on~. fonctionnelle ~__~N~o~n~fo~n~c",tio~nn~el~le~__

ICes coills comprennent 1a depreciation des equipements lourds leis que les biltiments. Les chiffTes entre parentheses sont negatifs et
representent des pertes.
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semences 1'1 assumaient la lotalile des
risques de la multiplicalion el de la distri
bution des semences puisque la semence
etail achelee par les gerants de la SPU en
fonclion de la demande par les personnes
privees, les agriculteurs el les projets de
developpement rural. La qualile de la
semence esl raremenl verifiee ella
semence esl raremenl conditionnee en rai
son du manque de personnel el de
financemenl. La semence esl distribuee
essentiellement Ii I'echelle regionale ou
dans les centres de multiplicalion des
semences pour un COUI par consequenl
limile. Enfin les prix sonl etablis en lenanl
comple du prix du grain el du coUI de la
production. La SPU de Kourougoussao
fonclionne loulefois comme un
negocianl. Son role pourrail loul aussi
bien eIre assure par les agriculteurs
reussissant Ie mieux ou des groupes
d'agriculteurs qui seraient formes Ii la
multiplicalion ella distribulion de
semences el aides.

II existe Ii I'heure actuelle de nombreux
centres de multiplication el de distribu
tion des semenees. lis onl ele mis en place
par les ONG, II'S projels de
developpemeol rural el les communaules
locales. A I'inverse, Ie secleur prive a lui
pris peu d'essor. On comple environ cinq
producleurs prives de semence. Ces
personnes sonlloulefois peu inleressees Ii
la production de semence de varieles qui
comme Ie petil mil elle sorgho onl un fort
IaUX de multiplication ou n'ont pas de
marche bien elabli. Le secteur prive
s'inleresse essentiellemenl Ii la produc
tion de semences pour les cultures Ii faible
taux de multiplication lelles que Ie niehe
el I'arachide ou pour les cultures Ii fort
taux de multiplication qui corome les
oignons el les aulres produclions
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maraicheres disposent d'un vaste march.:
pour Ie produil final. II a aussi manifeste
un inlerel pour la production de semences
hybrides qui eSI polenliellemenl plus
profitable puisque la semence doit eire
achetee lous les 805. Le secleur prive
nigerien s"inleresse actuellemenl de plus
en plus Ii la semence de sorgho hybride
NAD-1.

L'inlerel commercial mediocre des
cultures Ii fecondation libre lelles que Ie
petil mil oblige Ii rechercher d'autres
sources d 'approvisionnemenl en
semence. A I'heure actuelle, moins de 1%
des surfaces cultivees en petil mil sonl
ensemencees avec des varieles
ameliorees. De nombreux agriculteurs
prelevent encore leur semence sur la
recolte precedentI' ou echangenl des
semences avec leurs voisins ou parents ou
I'achelenl sur les marches locaux de \;1
lage. Afin d'analyser el de comparer Ie
sysleme officiel el Ie SYSletne parallele
d'appro\;sionnemenl en semences. une
enquete portanl sur les instituions ctleur.;
membres a ete effectuee.

Mitbodologle et sources de dOBBees

Deux jeux de donnees onl ele
rassembles, I'un au nivcau des institu
tions el I'autre au nivcau des menages
ruraux alin de comparer I'efficacile rela
tive des syslemes officiel et parallele de
multiplicalion el de distribution de la
semence de petil mil du point de \1lC du
developpemeOl el du mainlien des
varieles, de I. multiplicalion de la
semence, du mainlien d'une quaJile
elevee de la semence, du slockage et de la
distribution de I. semeoce et enlin de la
foumilure de la semence Ii un COUI
relativement peu eleve.



Le premier jeu de donnees a ete obtenu
en septembre-octobre 1996 it partir d'une
enquete officieuse de toutes les institu
tions et de tous leurs membres engages
dans la multiplication et la distribution de
la semence de petit mil. Ceux-ci
comptaient: quatre selectionneurs de pe
tit miL cinq directeurs des centres de mul
tiplication des semences, cinq directeurs
regionaux de I'agriculture, Ie chef de la
division semence, deux ONO it savoir
Care International et CARITAS, un
produeteur prive de semenee. Ie president
d'un large syndicat de cooperatives
(UNCA) et Ie directeur de I'agriculture.
Le secondjeu de donnees provenait d'une
enquete portant sur 302 menages ruraux
realisee en juin-juillet 1997 en vue
d'evaluer les modes de fonctionnement
des systemes paralleles d'approvisionne
ment en semence, les origines de la
semence des agriculteurs, I'amplitude des
echanges de semence, Ie type des
echanges de semence et I' importance des
stocks de semences en 1996 et 1997.
L'annee 1995 fut relativement bonne au
plan de la pluviometrie et en comparaison
it 1996. Ceci a permis de comparer Ie
comportement des menages ruraux en
annee de bonne et de mauvaise
pluviometrie en terme d'achats de
semences.

Une methode d' echantillonnage
aleatoire stratifie base sur les zones
agro-ecologiques et I'acces aux routes
principales a servi it selectionner les vil
lages. Le parametre definissant la zone
agro-ecologique etait la longueur de la
saison de croissance (LOP) it savoir 75
jours ce qui correspond en gros it 400 mm
de precipitations annuelles. Les villages
situes dans un rayon de 5 km autour des
routes principales ant etO consideres
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comme accessibles tandis que taus les
autres etaient estimes ne pas l' etre. Dans
chaque strate, au mains 12 villages ant ete
selectionnes sur la base de la taille de leur
population. Au sein de chaque village de 3
it 10 menages ruraux ont de choisis
conformement au nombre de villageois.
Au total, 302 menages ruraux ant ete
selectionnes dont 20 % etaient situes en
zones plus sujettes it la secheresse et dont
environ la moitie se trouvait dans des
zones difficilement accessibles.

Statut actuel des systemes officiel et
parallele d'approvisionnement en
semence de petit mil au Niger

La performance des institutions
semencieres officielle et parallele a ete
etudiee en fonction de leur efficacite it as
surer les services de base it savoir :
developpement varietal et mise sur Ie
marche, production de semence, controle
de la qualite des semences, stockage et
distribution de Ia semence. La rentabilite
economique totale a ete analysee it la
lumiere des marges (prix de vente unitaire
moins Ie COllt de production de l'unite).

Diveloppement varietal et
mise sur Ie march/!

Les varietes de petit mil selectionnees
et mises sur Ie marche par les institutions
de semence devraient convenir aux zones
agro-ecologiques et correspondre aux
souhaits des agriculteurs. La mesure dans
laquelle ceci est verifie determine la
demande potentielle en semence par les
agriculteurs et par consequent fixe les
objectifs de production de semence par
les unites de production. Dans cette
optique, nous analysons maintenant
l'adaptation aux zones agro-ecologiques



des varietes de petit mil selectionnees par
les instituts de recherche intemationallx et
nationaux ainsi que leur conformite aux
souhaits des agriculteurs.

Depuis 1975, les instituts nationaux et
intemationallx de recherche au Niger ont
relativement bien reussi aselectionner et
mettre sur Ie marcbe des varietes adaptees
a une large gamme de conditions
agro-ecologiques (tableau II). Plus de 17
varietes de petit mil ont ete produites et
mises sur Ie marche.' Le travail de
selection ponait essentiellement sur
I'obtention de varietes, a partir du
gennplasme local. qui soient precoces, a
haut rendement. resistantes aux maladies
et autres ennemis et adaptees aune large
garnme de conditions agro-ecologiques.
Plus de 50% des varietes obtenues et
commercialisees sont aujourd'hui
cultivees dans des zones dont la
pluviometrie moyenne varie entre 200 et
350 mm, Ie reste pouvant etre cultive dans
des zones plus arrosees recevant plus de
400 rom de pluie annuelle. Environ un
tiers des varietes cornmercialisees sont
precoces (moins de 75jours pour parvenir
a maturite) ; environ 50 pour cem som
imermediaires au plan de la maturite
(80-85 jours pour parvenir amaturite) et
la difference correspond aux varietes
tardives. PIllS de 60 % des varietes mises
sur Ie marche sont issues de la purification
de cultivars locaux grace a des tests de
selection en S-I ayant pour objectifs ; 18
resistance aux maladies et aux ennemis.
un rendemem eleve et 18 precocite. Cinq
varietes locales forment la population de
base pour Ie travail de selection asavoir:

Hainikire, Moro. Guerguera. Ankoutess
et Zanfaroua. Ainsi. toute la serie de
varietes ameliorees (HKP. HKP3. 34
HK. HKB-Tift. HKP-P I) deri"e parpuri
fication de la "ariete population locale
Hainikire.

Globalement les systemes officiels de
semence foumissem une large gamme de
varietes adaplees a toules les zones
agro-ecologiques. Mais ils som deficiems
en ce qui conceme la promotion des
varieles de petit mil. Seulement
quelques-unes des varietes mises sur Ie
marche sont reellement mullipliees el
distribuees. De 1991 a1995. seulemem4
varietes. HKP. CIVT. P3Kolio et ZATIB.
ont ete multipliees par les unites de pro
duction de semence. Et pour ces quatre
varietes. les chiffies de production sur
cene meme periode indiquent que CI\'T
representait environ 54 0 .. de la semence
produite et HKP 43 % (tableau VI. Au
cours des 15 demieres annees, Ie systeme
officiel d'approvisionnemenl en
semences s'est montre deficient sur Ie
plan de la mise sur Ie marc he des
nouvelles varieles. Aucune variete n'a ete
mise sur Ie marcbe bien qu' il y ait un
grand nombre de varietes promeneusesau
stade precedant la mise sur Ie marche. '

Pendant des siecles. les agriculteurs
ont cherche a preserver des \'ieilles
varietes ou certains ensembles de
caracteres speeifiques. Les resultats des
enquetes ont aussi revele que des grosses
panicules. longues et tassees el des gros
grains constituaienl les deux crih~res

principaux de selection de la semence par

: Lc:s \--arietes mises SUI kk march.: 5OIIt: HKP. HK.P. P. KolkJ. Cl\i. '. HK... MORO-PI. GR-Pl. .-\SIt·PI. HKB· T:ft H--~~" ~(h..('R.
T I8.-L I1MV 8001. rnw RO02.IN\" 8:m.&. SOl""'OA J. LJj, no. HKB-PI
~ Les \ar1etesau ...ude~ b miscsur b maJ'("bt sooIICM'" 1\~3O:'. K\fY q~.ICM\ 9-1:06. MTOO II::. ~rrTY"':
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99,7 81,7 97,4 83,2 I 92,8 87,0 90,8 77,3
0,3 2,4 1,3 1,0

I
2,6 5,9 2,7 10,2

0,0 15,9 1,3 3,2 4.4 6,7 5,7 12,3
0,0 00 0,0 126~_ _0,4 0,9 0,3

IOO~O 100,0 100,0 100,0 1000 ,_100,0 100,0 100,0Total

Tableau v. Proportion de semence plantee provenant des autres marches par zone agroecologique
et accessibllite aIa route au Niger. 1996-1997.

Zone agroecologique accessibilite a 1~_.w"",ut,£eS'et,-,an""n""e;ce _
LPG < a75 jours. I LPG> a75 iours

Acces difficile Acces facile Ac~es difficile Acces facile

1996 1997 1996 1997 1996 1997 1996 1997

.£N"'o"'m"'b'<£'''-d'-''ob'''s'''erv'''a'''ti'''on'''s'- -''2"-7 23''0__--l-__J24 1)"'0'--__
Sources de la Sfmence

Reserves personnelles
Amis, voisins, parents

Marches villageois

ONG, Projets, SPU et CR

les agriculteurs, Environ 90 pour cent des
menages ruraux interroges selectionnent
les bonnes panicules immediatement
apres la recolte tandis que seulement 7
pour cent basent la selection de leur
semence sur les caracteres des plantes,
Les resultats des enquetes indiquent aussi
que collectivement les agriculteurs
cultivent 33 varietes dont 3 sont des
varietes ameliorees (CIVT, P3KOLLO,
HKP), II existe un grand nombre de
varietes disponibles au sein de chaque
departement et de chaque zone
agro-ecoIogique, En moyenne 15 et 17
varietes de petit mil sont cultivees
respectivement dans chaque departement
et dans chaque zone agro-ecologique,
C'est pourquoi, il existe un large eventail
de varietes disponibles au niveau locaL

systeme officiel d'approvisionnement en
semence, Mazzucato et Ly (1993)
affinnent que « la majorite de la semence
multipliee correspondait ades varietes lo
cales purifiees, Parce que ces varietes ne
sont pas des hybrides, il est rres facile
pour les agriculteurs de maintenir les
caracteres ameliores en selectionnant et
en conservant de la semenee chaque
annee ", II faut que les systemes
semenciers officicls fassent des efforts de
commercialisation et de promotion des
vari,hes actuelles de petit miL L'emploi
systematique de varietes ameliorees
facilite Ie maintien de ce gennplasme par
les agriculteurs eux-memes,

La production de semence de petit mil
par /es secteurs ofJicie/ etpara/tete des
semences

Globalement Ie systeme officiel
contribue peu a la satisfaction de la
demande en semence de varietes et a la
promotion des varietes mises sur Ie
marche, De nombreux agriculteurs
cultivent encore leurs varietes locales, Le
peu d' interet porte aux varietes
ameliorees actuelles peut s'expliquer par
les avantages relativement limites
qu'elles apportent et ce manque d'interet
peut lui expliquer en partie I' echec du

L'importance relative de la quantite de
semence produite par chaque secteur est
mesuree comme Ie rapport de la semence
produite ala quantite totale de semence
plantee par les agriculteurs au Niger, En
depit de gros investissements dans la mul
tiplication et la distribution de semence,
la part du secteur officiel des semences
representait de fa90n systematique une
fraction negligeable de la quantite totale
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de semence plantc!e. Ainsi entre 1991 et
1995, moins de I % de la semence totale
plantc!e etait foumi par Ie secteur officiel
(tableau III). Ces resultats SOD! en accord
avec ceux de I'enquete aupres des
menages ruraux indiquant qu'environ I
pour cent de la semence totale plantee en
1997 provenait du secteur officiel des
semences (tableau V).

Les agriculteurs prelevent la plus
grande part de leur semence sur leurs
propres stocks. Les resultats des enquetes
revelent qu'environ 83 % de la semence
totale plantc!e en 1997 provenaient des
stocks personnels des agriculteurs, 7%
provenaient de parents, amis ou voisins,
9"10 etaient achetes sur les marches locaux
de village et que seulement 1% etait
foumi par les projets de developpement
rural integre, les ONG, les unites de pro
duction de semence et les stations de re
cherche (tableau VI). Les agriculteurs
pref'erent utiliser leurs propres reserves de
grains comme semence. Tant que les con
ditions climatiques sont favorables, les
agriculteurs preleveront la totalite de la
semence dont ils ont besoin sur leurs
propres reserves. Ainsi en 1996, qui s'est

averee une annee relativement bonne. en
moyenne 93 % de la semence totale
plantee provenaient des stocks des
agriculteurs (tableau VI). Ce
componement est general, il ne depend oj

de la zone agro-ecologique ni de
I'accessibilite du v;lIage.

Globalement. les syslCmes paralleles
d'approvisionnement en semences des
villages foumissent la plus grande part de
la semence totale plantc!e par les menages
ruraux independamment de la zone
agro-ecologique et de I'accessibilite Ii la
route principale. A I'inverse. Ie secteur
officiel contribue de fa~on negligeable Ii
I'approvisionnement en semence. les
ameliorations futures de la production de
semence devraient viser les systemes
locaux d'approvisionnement en sernence.

QllIIliIi th III S,ru"c, th Pdit MU
Prodllit, JNlr k S«Ullr OfJicUl Us
S,,,,,,,cn 011 prilnk SlIr In stocks Us
IIgricll1t'lIrs

Une sernence de haute qualite d'apres
la definition du secteur officiel au Niger
satisfait aux normes de r Association
intemationale d'essais de sentence (Inter-

6.7 6,7 "!'''!' 14.5 ~.1 1".8

0.0 0.0 0.8 3~ ::.6 0.9

0.0 3.3 2." :C 2.6 -.0

0.0 67 4.0 8.1 :.6 5.1

9.'.3 8JJ 83.9 7 \.0 8-.0 ~,

100.0 1000 IQQ..O \000 100~__I!!O~L

Tableau VI.Oassifk:atiH dt'S alva.I dr stocks ....meDtt • pdit aD des ..naaca raralU. N
fo.ctio.d.Ia_ ...........!oc!q..otdol·~I>!Ut.l~_"'!!t•••~~tt~!~_

__~ L~~~~ilt~liliill~~

___--'bP..Q<-i7~ ~~

..w:ts diftkilc Aerts facile Accb difficlk ~ rxtk
1996 199- 1996 1997 1996 199- 1m.... 199'

J'I.i'bre d"obscn;atioo5 21 )0 124 ull",-5 _

PHnftlblge de~ m risa'vt'

~oins de 25 0.0 3.7

Entre 25 d 50 0.0 1.4

Entre 50 et 75 0.0 11.\

Entre 75 et99 3.7 3.1

Plus de 100 96J 74.1

TOIBI 1000 1000
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national Seed Testing Association 
1STA), a. savoir: un pourcentage eleve de
germination (97-98 %), une faible teneur
en eau (12 %) et un haut niveau de purete
physique (98 %). De plus, la purete
genetique doit etre environ de 98 %
d'apn\s les inspections au champ. Dans Ie
secteur parallele, les caracteres
observables du grain tels que la teneur en
materiaux inertes, I'uniformite de la
couleur, I'uniformite et la grande taille du
grain, sa forme, sa texture et les faibles
degats dus aux insectes/maladies sont les
principaux criteres de qualite retenus par
les agriculteurs. Les agriculteurs n'ont
pas souligne Ie bon taux de germination
comme l'un des principaux criteres de
qualite de la semence, peut-etre parce
qu'ils rencontrent peu de problemes de
germination. Bien qu'il puisse s'agir
d'une norme importante dans Ie secteur
parallele, personne ne la considere
comme un probleme. Les criteres de
qualite reconnus par les agriculteurs sont
differents de ceux que les selectionneurs
appliquent. Les agriculteurs ne se
preoccupent pas necessairement des
caracteres genetiques de purete et de ger
mination que Ie secteur offkiel souligne.

Pendant la periode d'existence des
projets semenciers (1975-1993), la
qualite des semences Hait faible. De
nombreuses plaintes relatives a. la
mauvaise qualite des semences ont ete
portees par les ONG, les directeurs des
projets de developpement rural et les
agriculteurs. « Le personnel qualifie a
effectue peu de visites en vue d'inspecter
les conditions de production de la
semence. Souvent les agriculteurs n' ont
pas respecte les distances d'isolement
vis-a.-vis des autres champs necessaires
au maintien de la purete du grain produit
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pourla semence »(Couvillon, 1985). A la
fin du projet, la lolalitt du personnel de
controle de qualitt est parti des unites de
production de semence, faute de credit et
d'encouragement. C'est pourquoi pen
dant les cinq dernieres annees, aucun
controle de la qualite n'a ete assure par la
SPU. Le resultat est que les ONG, les
projets de developpement rural et les
agriculteurs qui ont achete de la semence
certifiee se sont plaints du pauvre taux de
germination et qu'ils hesitent maintenant
a. acheter de la semence aupres des organi
sations publiques de semence. Meme a.
Lossa, ou la semence de base est produite,
Ie taux de germination est faible, de 70
pour cent en moyenne, bien en dessous
des normes de ['1STA. Les systemes
officiels de semence sont incapables de
satisfaire aux normes etablies per 1'1STA
et iI est peu probable qu' ils pourront
jamais contribuer de fayon significative a.
la qualite des semences compte tenu des
perpetueUes limites budgetaires.

Par contre, les systemes semenciers
villageois offrent aux utilisateurs des
semences de haute qualite satisfaisant a.
leurs normes. Les tests de laboratoire
indiquent que, conformement a. leurs
propres normes, les reserves de semence
des agriculteurs presentent des taux de
germination et des teneurs en eau
acceptables et que [,incidence des mala
dies fongiques transmises par la semence
est faible. Ces resultats s'appliquent aux
stocks de semence de petit mil des
agriculteurs. Des tests individuels de la
viabilite de la semence de petit mil des
agriculteurs ont donne des taux de germi
nation compris entre 71 et 98 % avec un
taux moyen de 88 %. Cinquante des lots
de semence presentaient plus de 87,5 pour
cent de germination. Ce taux de germina-



tion ne variait pas en fonction de la zone
agro-ecologique et de I'accessibilite mais
des differences dans la teneur en eau des
semences ont ete observees suivanl la
zone agro-ecologique. La teneur en eau
variait entre 7 et 17 % pour une moyenne
de 9 %. Seulement 10 pourcent des lots de
semence contenaient plus de 12 % d'eau.
Ces taux etaient plus eleves dans les zones
3 c1imat relativement plus humide (LGP
superieure 375 jours) mais restaient 3 un
niveau acceptable de sorte que la germi
nation n'etait pas affectee. Ces resullats
peuvent expliquer pourquoi les
agriculleurs ne pe~oivent pas la germina
tion comme un probleme : pour eux elle
n'est pas un probleme majeur. De plus. au
taux actuel eleve de 10 kg de semence 3
I'hectare applique en moyenne par les
agriculleurs. il est peu probable qu'ils
aient 3 faire face 3 des problemes de ger
mination (Ndjeunga, 1998).

Stockage de III se",elfce tit! J1t!Iit ",i/

En raison du caraetere perissable des
semences en tant qu'organismes vivants
et du caractere saisonnierde la production
et de "utilisation des semences. Ie
stockage de la semence a un role Ires im
portant. Le stockage de la semence est
entrepris pour plusieurs raisons et prend
plusieurs formes dont Ie stockage 3 long
terme de la semence amelioree et des
autres categories de semence. Ie maintien
des varietes et la constitution de reserves
de seeurite surtout utiles en penode de
secheresse. Un stockage dans de
mauvaises conditions est souvent associe
3 une mauvaise qualile de la semence. La
preseote section analyse I'efficacite rela
tive des systemes semenciers en lermes de
stockage des semences et de capacile 3
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maintenir et gerer des reserves de
semences 3 des fins de seeurite.

Les unites publiques officielles de pro
duction de semence sont toutes equipees
d'installations de stockage de grande
taille, Un examen de ces installations a
revele qu'elles etaient mal ,'entili:es. ce
qui exposait les semences Ii toute one
sene de maladies et d'ennemis potentiels.
Cene ventilation inadequate explique
quanl 3 elle la mauvaise qualite des
semences signalee par les agriculleurs.les
ONG et les directeurs des projets de
developpement rural. Pour leur part. les
agriculleurs conservent leur grain dans
des greniers bien ventiles. La semence de
petit mil est souvent stockee sous la forme
de panicules isolees ou en nac el
rarement sous forme de grains et reste
toujours hors de portee immediate des
gens. etant souvent placee sur Ie niveau
inferieur do grenier. Ces greniers sont
separes des habitations afin d'e,iter les
risques d' incendies. D'autres techniques
de slOckage lelles que celles utilisant de la
ceodre. des ecorces d'arbres ou des
feuilles n'ont pas ete rencontrees. La
duree moyenne du stockage est de 7 mois
ce qui correspond al'inten'alle de temps
si:parant la recolte des semis suivants. On
a rencontre quelques rares agriculteurs
qui stockaient leur semence pendant plus
d 'un an, Le grand risque associe a
I'utilisation de semences obtenues a
I'exteneur (non prelevees sur ses propres
stocks), suite 3 des echanges avec des
amis ou des parents ou des achats sur les
marches villageois. incile fortement les
agriculteurs a stocker leur propre
semence. Manquer de conserver des
stocks de semence traduit l'incapacite de
I'agriculteur Ii maintenir et gerer ses
stocks de semence. C est pourquoi des



investissements sous forme de formation
des agriculteurs it mieux conserver leur
semence peuvent s'averer necessaires
(Ndjeunga, 1998).

Reserves de securitt! de semence de pe
tit mil

En 1996 et 1997, les estimations
nationales chiffraient it 20 % et 39 % les
villages qui manquaient de grains
cerealiers. Les villages souffrant d'une
penurie de grains cerealiers sont
consideres comme manquer de facto de
semence pour les semis. 11 n'existe pas
d'estimation reelle des penuries en
semence, il s'agit plutot de deductions
derivees de la penurie de cereales. Pour Ie
gouvemement, un village qui manque de
grains cerealiers manque automati
quement de semence cerealiere. Les
manques en grain de petit mil ont ete
estimes respectivement it 6.000 et 12.000
tonnes en 1996 et 1997, 60 % de ces
valeurs chiffrees representant la penurie
en semence (MAG/EL, 1998a). Ces
chiffres sont largement surestimes
compte tenu des besoins potentiels
actuels en semence de petit mil d'environ
17.000 tonnes.1I est probable que Ie grain
fourni aux agriculteurs par les
programmes de secours en cas de
secheresse est simplement consomme en
tant que tel.

En opposition totale, les resultats de
l'enquete indiquent que tres peu de vil
lages manquaient completement de
semence. Dans l' enquete, seulement un
village Garbey Gommande a declare
manquer completement de semence en
raison des Ires mauvais rendements. En
1997, les resultats de l'enquete indiquent
que 27 pour cent des menages ruraux
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possedaient des stocks de semence
inferieurs it leurs besoins en semence
(tableau VI). Paradoxalement, une forte
proportion des menages ruraux manquant
de semence se trouvait dans des
environnements favorables. Les
agriculteurs dans les zones defavorables
ont tendance it conserver des semences en
reserve meme en quantites Ires limitees de
peur de perdre du germplasme adapte it
leurs conditions difficiles. Les resultats
de I' enquete indiquent que
respectivement 3 % des menages ruraux
en zones sujettes it la secheresse et 12 %
dans les zones plus favorables n'ont
conserve aucun stock de semence.
Aucune difference significative n'a ete
observee au niveau de la mise en reserve
de semence par les menages ruraux en
fonction de la zone agro-ecologique et de
I' accessibilite. Les penuries de semence
ont ete adequatement resolues grace aux
echanges entre amis, parents ou aux
achats sur les marches locaux de village.
11 ne semble pas qu'il y ait de probleme
majeur de resolution des penuries de
semence par Ie systeme parallele.
Toutefois, il peut s'averer necessaire
d'investir dans la formation des
agriculteurs aux meilleures methodes de
stockage et de selection des semences.

Distribution de to semence de petit mil

La distribution des semences est un
processus it aspects multiples incluant les
deplacements et la manipulation phy
siques de la semence ainsi que I' echange
reel de semence conlre de I'argent entre
les producteurs, les commer~ants et les
agriculteurs. Elle necessite plusieurs
fonctions differentes qui sont toutefois
etroitement liees it savoir ; les operations
physiques de logistique (manutention,



transport), la recherche de marches, les
activites de promotion, les operations de
vente et d'acbat associecs a la vente en
gros et au detail et leurs fonctions
apparentees de financement et
d'acceptation du risque. La distribution
de semence peut s'averer Ires onereuse
dans les environnements ou les
agricultews sont disperses et habitent des
regions difficiles d'acces. Les unites de
production de SemenCe au Niger ont
renconrre de nombreuses difficultes au
niveau de ladistribution ades agricultews
essentiellement disperses dans les regions
d'acces difficile. Moins de 30% de la
semence totale produite a ete
effectivement plantee.

A l'inverse, Ie systeme villageois
d'approvisionnement local en semence
de petit mil assure de fa~on efficace la
foumiture de la semence aux utilisatews.
Les resultats de I'enquete montrent
qu'environ 41 pour cent des agricultews
interroges foumissent de la semence aux
autres agricultellIS randis que 19 pourcent
en acquierent et que 40 pour cenl ne sont
ni foumisseurs ni acquereurs de semenee.
Aucune relation n'a ete observee entre les
foumisseurslacquerews de semence et les
zones agro-ecologiques ou l'accessibilite.
En moyenne un producteur de semence
produit 2.194 kg de grain pourdes besoins
de 1.420 kg par les acquerews de semence
(Ndjeunga. 1998), Ces agriculteurs
devraienl eire recherches et aides en vue
d'assurer la distribution de la semenCe.

Les echanges de semence sur les
marches villageois sont souples et consis
tent essentiellement en des echanges
contre de I'argent. un peu de troc et
quelques dons gratuits independammenl
de la zone agro-ecologique ou de
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I'accessibilite. En 1997, 50 pour cent des
graines etaient echanges dans la
communaute rurale CODtre de I'argenl
landis que 30 pour cenl des echanges
representaient des dons gratuits et que Ie
reste des echanges consistait en du !roC.
Des resultats similaires onl ete observes
eD 1996. Les echanges contre de I'argent
sont plus courants dans les communautes
de grande taille. En raison du manque de
communication entre les menages habi
lant les grandes regions densement
peuplees, les agriculteurs peuvent ne pas
etre au courant des reserves de semence
possedees par les UDS et les aurres. Ce
probleme est heaucoup plus leger dans les
communautes de plus petite taille
composees d'agriculteurs lies par des re
lations familiales qui se rencontTent
frequemmenl et qui partagent les risques.
Les dons prennent place dans les
environnements fa"orables ou plus
d'agriculteurs possedent de larges stocks
de semence. Les resultats de I'enquete
revelent que 97 pour cent des dons de
semenee se produiseDt daDS les
environnements plus favorables. Le troc
est moins commun. Le ni"eau des obliga
tions reciproques qui accompagnent ce
type d'echange necessite une etude plus
approfondie. Les resultats preliminaires
suggerent que les agriculteurs sou"ent
echangenl de la semence de differenles
varieles.

La quantite moyenne de semence
echangee depend du type de I'echange et
de la zone ag:ro-ecologique. Les echanges
contre de I'argenl interessenr en moyenne
28 kg contre 7 kg pour les dons et 8 kg
pour Ie troc. Dans les eR\'ironnements
defavorables, les resultats des enquetes de
1997 et 1996 revelent qu'il n'y aeuaucun
echange sous forme de don ou de !roC. Les



/agriculteurs parcourent en moyenne II
IkIn pour s'approvisionner en scmence.
Les distances parcourues pour les
Iechanges sous fonne de troc et de don ont
:ete estimees respectivement a0,625 km et
Okm.

La chaine semenciere pour Ie petit mil
tourne autour du grain puisque de
nombreux agriculteurs achetent du grain
de haute qualite sur les marches villageois
pour I'utiliser comme scmence.
L'echange de semence entre agriclllteurs
resle loulefois la principale chaine de dis
tribution suivie par les echanges entre
agriculteurs et negociants en grain. En
raison de I'offre insllffisante representee
par la production nationale, I'importation
de grain II partir de pays voisins tels que Ie
Nigeria et Ie Mali via Ie Burkina Fasso est
Ires active. En general, Ie grain passe par
quatre reseaux de distribution cenlres sur
Niamey, Maradi et Zinder. De gros
fournissellrs nigerians offrent dll grain a
Maradi qui alors complete la production
nationale ct approvisionne Tahoua, Arlit
et Niamey. Ces gros fournisseurs
nigerians offrenlleur grain aussi aZinder
qui approvisionne alors en grain Agadez,
Tanout et Diffa. Du grain de petit mil est
aussi directement fourni aNiamey par Ie
Mali et Ie Nigeria. Le grain importe est
uniquement utilise pour I' alimentation.
Les agriculteurs affirment que ce grain est
de mauvaise qualite et pas bien adapte aux
conditions cnvironnementales de leur
region agro-ecologique. C'est pourquoi Ie
grain achetc en tant que semence est un
produit national. II correspond a des
varietes bien Connues. Les negociants en
grain de Niamey diffhencient Ie grain
importe du grain national. II existe
souvent une marge de 10 cfa par kg entre
Ie grain produit dans Ie pays et Ie grain
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importe. Les agriculteurs comme les
negociants en grain pourraient servir de
distributeurs de semence.

Prix de fa semence et cout de fa pro
duction de La semence de petit mil

La determination du prix de la semence
est un element important de la commer
cialisation de cette semence qui avec Ie
coUt de production de la semence
determine la durabilite des activites de
multiplication et distribution de la
semence. Pour que la multiplication et la
distribution de la semence soient
soutenables, il faut que Ie prix moyen de
vente soit plus eleve que Ie cout moyen de
production. La determination du prix
depend du type du produit. Pour les
varietes ou les varietes populations, Ie
prix de la semence ne peut pas etre plus
eleve que Ie prix du grain puisque celui-ci
constitue un parfait remplacement de la
semence. Dans cette etude, la marge
beneficiaire en exces du cout de produc
tion servira de critere d'estimation de
I' efficacite financiere des systemes
semenciers. La comparaison du prix de la
semence par rapport au prix du grain
servira aussi II evaluer la demande
potentielle en semence par les
agriculteurs.

Pendant et apres la periode d'activite
des projets semenciers, les unites de pro
duction de semence ont fonctionne avec
des pertes severes si I' on tient compte de
la depreciation des ressources II long
terme re~ues par Ie projet de Recherche
Cerealiere au Niger (tableau III). Entre
1985 et 1988, Ie cout moyen de la produc
tion de semence certifiee de varietes
ameliorees de petit mil par une SPU etait
estime a J. 720 cfa/kg, alors que 1a



semence etait vendue aW< agriculteurs au
prix de 100 cfalkg soit moins que Ie prix
moyen du grain de 130 cfa;kg sur les
marches loeaux (Rachmeler, 1991). En
1996, Ie COl;t moyen de la production de
semence variait d'apres les estimations
entre 305 cfatkg a Kourougoussao et
1.633 cfa/kg in Lossa. Ainsi donc, la
semence etait fonement subventionnee
quant ason prix de vente qui variait entre
130 cfatba a Magaria et 250 cfa'ba a
Lossa. Afin de pouvoir durer
financieremcnl. les unites de production
de semence doivent pouvoir vendre la
semence a un prix de 6 a 8 fois Ie prix
moyen du grain suivant la SPU (tableau
VII). Avec les prix de vente precedents,
les marges heneficiaires (prix de vente
moins Ie colit moyen de la production) par
rappon au colit de production par kg de
semence vendu par les unites de produc
tion de semence sont toutes negatives et
comprises entre -0.49 et -0,90. Ceci
signifie que pour chaque dollar investi
dans la production de semence, les unites
de production de semence encourenl en
moyenne des penes comprises entre 50 et
90 centimes. Par consequent ce systeme
ne peut pas durer. Mais si la depreciation
sur les ressources along terme ~ues du
projel NCR n'est pas prise en compte, en
supposant que les systemes de multiplica
tion de semence actuels n'ont pas besoin
de ceDe lourde infiastructure. les SPU
pourraienl s'averer profitables,les profits

elant estimes a 14 cfatkg. Ces profits sont
realises parce que les agriculteurs sont
entierement responsables de la produc
tion de semence et en assument tous les
risques ainsi que ceu.~ de la distribution.
Les unites de production de semence De

sont que de simples negociants en
semence qui achetent la semence en
fonction de la demande declaree par les
ONG, les projets de developpement rural
etles agriculteurs. Les unites de multipli
cation de semence n'effectuenl aucun
controle de la qualile et n'encou.rent pas
de depenses imponantes de transpon
puisque la semence est foumie au.~ cen
tres de production de semence ou aux ser
vices regionaux de I'agriculture. Ces
exemples lemoignent que les agriculteurs
pourraient avec I'encadrernent adequat
assurer eux-memes 10 production de la
semence. Le role actuel d'imermediaire
joue par les SPU pourrait egalement etre
assure par les agriculteurs les plus
profitables au groupes d'ogriculteurs qui
sernient encadres et charges de la multi
plication et de 13 distribution des
semences.

R61es eorredS des sedflln semeDcien
officiel el parallele

Les systemes officiels d'approvision
nement en semence de petit mil De sont
pas des sources fiables d'approv-ision
nement en semenee ; ils olTrent peu
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d'acces aux varietes ameliorees et ont des
couts de fonctionnement tres eleves.
C'est pourquoi il est peu probable qu'ils
s' averent un jour financierement et
economiquement soutenables. Les
systemes officiels assurent aussi bien que
les systemes locaux de village Ie
developpement et Ie maintien des
varietes, offrent les varietes it un prix
comparable it celui des varietes locales
mais sont deficients par rapport aux
systemes locaux pour toutes les autres
activites (tableau VIII). A I'oppose, les
systemes semenciers locaux de village
fonctionnent relativement bien au Niger.
lis assurent de fayon satisfaisante la
foumiture de la semence aux utilisateurs,
Ie maintien et la diffusion des varietes, la
distribution de la semence it un cout
relativement faible et Ie maintien de
niveaux acceptables de viabilite, purete et
de sante pour les semences. II n'y a done
aucune raison de penser que Ie probleme
de la qualite de la semence de petit mil est
structure!. Dans l'ensemble, les systemes
semenciers officiels ne contribuent que
peu aux systemes semenciers globaux.
Mais Ie systeme parallele est lui aussi in
capable de repondre aux besoins
imprevus en semence. Des moyens de
satisfaire it ces besoins imprevus

devraient etre developpes dans Ie cadre
des systemes locaux d' approvision
nement en semence des villages.

Les systemes locaux villageois
presentent un certain nombre d'atouts qui
peuvent etre utilises pour resoudre les
besoins imprevus en semence. Un grand
nombre de varietes facilement
accessibles aux agriculteurs sont
disponibles it faible cout. La qualite de la
semence stockee par les agriculteurs est
acceptable. Les systemes semenciers
locaux de village sont dotes de
producteurs de semence potentiels it
savoir les gros exploitants agricoles qui
pourraient etre encourages et encadres de
fayon it assurer la multiplication de
semence it petite echelle. Meme si celte
activite n'est pas economique profitable
pour eux. elle leur confere un certain
statut social. Une large part des
investissements dans les systemes
semenciers devraient viser Ie
developpement des systemes locaux
d'approvisionnement en semence des vil
lages.

Celte situation pourrait changer si
toutes les nouvelles varietes ou les
hybrides qui ont des rendements

Tableau VIII. Evaluation de la performance actuelle des fonctions assurees par Ie secteur officiel
et Ie secteur parallele de I'approvisionnement en sem~nce de petit mil au Niger.

_______~ID:_;;erne"n"cl"'·er'___ _

Fonctions
Developpementlselection varietale
Conservation des varietes
Transfertldiffusion des varietes
Quantite de semence foumie

Qualite de la semence (faUx. de gennination)

Stackage de la semence
Promotion/distribution de la semence
Stocks de sernence de securite
COl.it de la production de semence
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Officiel
bonne

bonne
faible
faible

moderee
faible
faible
faible
faible

Parallele
faible

moderee
bonne
bonne

moderee
moderee

bonne
moderee

bonne



significativement plus eleves que les
varietes courantes ou locales devenaient
disponibles sur Ie marche, Alors Ie role
des systemes semenciers officiels
pourrait eire limite it celui de fournisseur
de la semence de prebase aux agriculteurs
competents, groupes d'agriculteurs ou
cooperatives afin qu'ils produisent les
autres types de semence (de base, inscrite,
certifiee) et it faciliter les interactions en
tre les agricultews, les inStllUts de recher
che, les projets de developpement rural et
les ONG, Ceci necessitera des
investissements supplementaires sous
forme de formation des agriculteurs
competents et groupes d'agriculteurs aux
techniques de production de semence, par
I'intermooiaire des ONG ou des organisa
tions locales bien etablies,
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Presentation de la recherche sur
Ie sorgho hybride au Niger

Issoufou Kapran, Moussa Adamou,
Gebisa Ejeta et John D. Axtell,

Introduction

Le sorgho est apres Ie milia seconde
plus importante production vivriere au
Niger. II est cultive dans les regions
agricoles de culture sous pluie recevant
environ 400-800 mm de precipitation par
an. La superficie annuelle emblavee en
sorgho est passee de moins de 500.000
hectares en 1961 a deux millions
d'hectares en 1996. Mais dans Ie meme
temps Ie rendement annuel moyen a lui
decline passant de 0,6 t/ha en 1961 a0,2
t/ha en 1996 (FAO/SMIAR, 1997). Dans
un pays au seulement 12% des terres
conviennent a la culture sous pluie, Ia
mise en culture de terres marginales avec
une fertilite decroissante et I'emploi
generalise de cultivars locaux a faible
rendement sont les causes majeures de
celte faible productivite agricole.

II est generalement reconnu qu'une
augmentation des rendements constitue Ie
meilleur moyen de satisfaire
I'accroissement de la demande pour les
denn:es alimentaires dans les pays en voie
dc developpement (Pinstmp-Andersen et
Pandya-Lorch, 1995). Les hybrides
exploitent Ie phenomene d'heterosis en
donnant des rendements plus eleves que
les varletes en fecondation libre, meme en
conditions de stress. L'adoption des
hybrides serait aussi favorable a
I'environnement puisque une producti
vite elevee et stable pourrait limiter
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['utilisation, nee du desespoir, des terres
marginales (Kapran et aI, 1995).

L'lnstitut de Recherches Agricoles
Tropicales et des cultures vivrieres
(IRAT), un organisme de recherche
franryais, a lui tie l' amelioration des
plantes au Niger. A l'heure actuelle, la
responsabilite de la recherche
agronomique au Niger incombe a
I'lnstitut National de Recherches
Agronomiques du Niger (INRAN) cree
en 1975. L'TNRAN a pour mandat global
de contribuer a I'autosuffisance
alimentaire nationale en assurant
I'amelioration genetique de plantes telles
que Ie sorgho et Ie mil. Les objectifs de la
selection du sorgho comprennent Ie
developpement et la mise sur Ie marche de
genotypes arendements eleves et stables,
resistants aux stress biotiques et
abiotiques el presentant unc bonne qualite
alimentaire. Au cours des annees 1980,
les sclectionneurs de sorgho de I'TNRAN
en collaboration avec Ie Programme In
ternational sur Ie Sorgho et Ie Mil
(INTSORMIL) ont ajoute les essais
d'hybrides aleur programme de selection
de cultivars amelion:s. L'utilisation de
I'heterosis a pam coincider avec Ie
mandat de I'TNRAN. La recherche sur les
hybrides de sorgho au Niger a progresse
et est en passe de perdre son statut
d'activite experimentale et de devenir une
affaire commerciale prlvee. L'objet de ce
document est de presenter les progres
realises cn matiere de selection de sorgho



hybride au Niger, y compris Ie travail ini
tial de I'IRAT, I' evaluation des hybrides
experimenlaUX par I'INRAN etles efforts
realises par I'INRAN pour promouvoir la
production ella commercialisalion de
semence hybride dans Ie secleur prive.
L'experience a montre dans d'autres pays
que les hybrides avaienl Ie polenliel de
moderniser Ie secleuragricole d'un pays.

Amelioration du sorgbo par I'JRAT

Pendanlles annees 50 e16O, I'accenl a
ele mis sur la seleclion el!Ou
I'introduclion de "arieles en fecoodation
libre. InitialemeDl. des varieles popula
lions locales onl ete rassemblees el
evaluees sur plusieurs slalions de recher
che. Apres un programme de selection
massale, quelques-unes des varieles pa
pulations locales les mieux adaptees, y
compris BDF, JanJare el Bagoba onl ele
remises ala disposition des agricuiteurs.
Quelques-unes des varieles populations
locales onl aussi ele croisee, avec des
types exotiques dans un programme de
selection geDealogique qui a resulle dans
la production de varieles ameliorees telles
que L30 (137-62 x JanJare) mise sur Ie
marche en 1974. Bien que les hybrides
commerciaux de sorgho aienl ele
inlroduits, mis en essais el trou"es
superieurs aux varieles en fecondation Ii
bre par I'IRAT. ils ODl ele rejetes du fait
de problemes de qualite du grain et qU'ils
elaienl per"us com me dependanl
excessiv'ement des intrants (Chantereau
el Adamou, 1977).
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Eval..don des bybrldes
eJ:pirimenlan de sorgho par
l'I:liRA'liIISTSOR'IIL

Avec la mise en place de la collabora
tion entre I'INRAN etl'lNTSORMIL, Ie
programme d'amelioration du sorgho au
Niger a eu acces au germplasrne el aux
acquis des autres regions du globe. Les
hybrides de sorgho ont ete produits a
partir de croisemenls entre des
pollinisaleurs adaples (lignees R) et des
parenls femelles (Ii&Dees A) d'origines
diverses foumis essentiellemenl par Ie
programme sorgho de INTSORMIL
Purdue University. L'objeclif elail
d'evaluer la SUperiorile des culti"ars
hybrides de sorgho dans Ies conditions de
culture marginales prevalant atravers une
grandepartdu Niger(Kapran et al. 1997).

Approclrr

A parlir de 1983, des hybrides
experimentaux de sorgho onl ete mis en
essais sur plusieurs stations de rechen:he
de I'INRAN. Les essais SODl de"enus
beaucoup plus syslematiques dans Ie
cadre de deux projets de recherche de
tiles. de Masler (M.S.) supervises par
INTSORMIL (Kapran. 1988 : Tyler,
1988). Les hybrides selectionnes sonl
graduellemenl passes des essais
d'observations aux essais de rendemenl
en champ sur plusieurs siles du Niger.
Les meilleurs hybrides ont aussi ele
evalues dans I'essai ouesl africain
d'adaplation des hybrides de sorgho
(WASHAn. Le croisemenl simple entre
TX613A et MR731, nomme plus lard
NAD-I. est apparu cornme Ie plus
promeneur d'apres I'ensemble de toutes
les donnees rassemblees au cours des



J.l
3,2

2,7
3,8

3,0

1,0

Tableau 1. Rendements des hybrides de sorgho sur les statio.Ds emerimentales au Niger.
Rendement en grain _

Hybridcs en essai Moyenne de I'essai Meilleur hrbride Variete locale
.fjAnn"""e"', --'(mnomm"'b"'reCL) -"""ha.-_' t l1a- ---""h''-' _
1984 22 2,3 5,6
1985 17 4,0
1986 149 2,5 2,7
1987 147 2.6 5.5
1988 81 1,9 4,9
1989 67 2,8 6,5
1990 49 2,4 5,0
1991 78 1.8 2.0

-'1"'99"'2 -"'8"'8__ 1,9 _4c6 --=- _
Source: Rapports armue1s de 13 selection du sorgho a l'INRAN, 1984-92.

annees sur les stations de recherche et en
exploitation.

Resultats

Le tahleau I resume les analyses
annuelles de donnees publiees par les
selectionneurs de sorgho de I'INRAN.
Les rendements des hybrides
experimentaux avoisinent en moyenne 2
tonneslha. Les meilleurs hybrides ont
produit jusqu'l\ 6,5 lonneslha tandis que
les meilleures varietes temoins n' ont
jamais produit plus de 3,8 tonneslha. Ces
resultats confirment ceux de deux theses
de Master effectuees it I'Universite de
Purdue et ont etabli la fiabi1ite de la re
cherche sur Ie sorgho hybride au Niger.
Kapran (1988) a rapporte des valeurs
d'heterosis de 45 % en culture irriguee et
de 66 % en culture sous pluie au Niger.
Dans ces memes essais, Ies hybrides ont
aussi surpasse Ie rendement des temoins
locaux de 61 % sous irrigation et de 49 %
en culture sous pluie. Tyler (1988) a
observe que les hybrides dont les parents
etaient respectivement classes comme
exotiques, intermediaires ou locaux
avaient en moyenne des rendements de
127 %, 83 % et 66 % plus eleves que leurs
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parents respectifs. Ainsi, les resultats de
ces deux theses initiales et ceux des essais
nationaux ulterieurs realises dans Ie cadre
de la collaboration entre !'INRAN et
l'INTSORMIL, ont independamment
demontre la valeur agronomique de
I'Mterosis pour I'agriculture au Niger.

NAD-l, un hybride de maturite
moyenne et II graines blanches presentant
une bonne tolerance it la secheresse de mi
lieu de saiwn est apparu aux
selectionneurs comme aux agriculteurs
comme Ie meilleur cultivar, Dans les
essais nationaux, son rendement moyen
etait de 3,1 tonnes/ha entre 1986 et 1992.
Dans I'essai WASHAT de 1989 comptant
20 cultivars testes sur 9 sites repartis en
Afrique Occidentale et Centrale, il s'est
classe troisieme pour Ie rendement en
grain (ICRISATIWASIP, 1989). Les
premieres estimations du rendement
potentiel de NAD-I en exploitation
agricole ont ete obtenues II partir de 1993
(tableau 2). Les moyennes varient entre
1,7 tonneslha et 3,3 tonneslha. En depit
de la secheresse severe, I'hybride s' est
avere superieur II Mota Maradi (MM),
une variete locale precoce largement
cultivee. Les essais en exploitation



T.blea. ~2~.-IRg.......-__....t-"de~I·J!b~yb!!JrI"d"'.LS"'AJ).......>:JllJ...D'-'.".,J!p!o!""'ta"'1io.....D"..........!!lU_"-'...Dc.S"........"'. _
________--'R~en min

Annec \"arlttelocalc SAD-I "'_suptrlornCde
ACli\;te 1h•.' I I ha° l S ..tJ).l
___________________________---'Sl!!"'--~t\oaklbI"

1993 de"'oo'tt,"ions
1994 demonstrations 3.3
1995 essai en cltploilariOD J.O 1.6

1996 essai en exploiWlOD (INRAN) 0.7 1.1

1996es.saienexpJoiwion{ROCARS) 1.0 1.8
JI]I'99~7C<essa=;L<en"'-"..yp!!<lo"';Ia..b"'·onI'!lL ~1..,6'___ _"3.!

60
1',

80

F
Source: Rapports aanuels lk Ia,cl«tioo. du SJOf'gbo" rrsR"~.I99J·9"! . ROCARS 199~

----------

agricole mis en place par Ie reseau sorgho
regional (ROCARS) ont aussi montre que
Ie rendemenl de NAD- I etail superieur de
80 % a la moyenoe des controles des
exploitants. Ce type de perfonnance en
champ a engendre un profond interet de la
part des exploitants agricoles pour
NAD-I au til des annees et a pose Ie
probleme de la production fiable de
semence hybride afin de satisfaire la
demande rapidemeot croissante.

Ven la commercialisation de la
semencc de sorgho hybride par Ie
secteur prive

A panirde 1989, lasemencede NAD-I
a ete produite reguJierement en champs
isoles sur les stations de recherche de
I'INRAN afind'haluerla faisabilitede la
production commerciale de semence
hybride au Niger. Les meilleurs sites et
autres effets de I'environoement amsi que
I'importance de la gestion des cbamps sur
la production de semence hybride de
NAD--I ont ele soigneusemenl evalues.
Au nombre des facteurs les plus cmciaux,
on compte la disponibilite en eau
d'irrigation pour une production de
semence plus fiable, des sols hautement
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fertiles pour contrebalancer
I'beterogeneite pedologique frequem
ment rencontree et dans Ie cas de NAD--I,
la necessile d'echelonner les dates de
semis en raison des dates de maturite
differentes des lignees parentales. II a ele
estime qu'avec une bonne geslion jusqu'a
1.5 tonneSiha de semence de NAD- I
pouvait etre produite. II a ete demontre de
maniere repelee que la production de
semence hybride est possible au l'iger.

InitUnion de III prodllction tk _mce
hybride tbuts Ie seck,.,priW

L'experience acquise par les aurres
pays montre que Ie secteur pri'-e est plus a
meme d'assurer la production d'uoe
quantite adequale de semence de qualile
que Ie sccleur public (L.R_ House. 1995 ;
communication personnelle). Disposer
d'un hybride qui plait aox agricuJteurs et

dont la semence peut etre produile de
fa~on tiable sont des c!lements des de la
commercialisation des semences. En
1995. I'INRAN el I'INTSORMIL onl
entrepris de faciliter de maniere decisive
la produclion ella commercialisation de
semence de NAD-I par les membres
interesses du sccteur prive.



Puisqu'il n'existait aucune entreprise
de semence locale interessee dans Ie
marc he de la semence de cereales
hybrides, il fut decide de vendre la
semence au prix moyen de huit fois Ie prix
du grain soit 800 CFA. Vendre la
semence et assurer un benefice
encouragent la production privee tandis
que les subventions gouvemementales
visant Ii assurer la disponibilite en
semence creent une situation dans
laquelle Ie secteur prive n'est pas
concurrentiel.

L'INRAN continue de caHaborer avec
I'INTSORMIL en termes de formation et
d'assistance technique des nouveaux
producteurs de semence. A meSure que
ceux-ci deviendront confiants, I'INRAN
abandonnera progressivement la produc
tion de semence commerciale. Les
producteurs de semence novices seront
encourages Ii limiter leurs champs Ii0,5 ha
au plus en contrepartie de semence
parentale de bonne qualM, de conseils de
gestion des champs, de stockage de
semence, etc. Un guide de la production

de semence a ete mis au point et utilise en
1997 et 1998 afin de foumir une forma
tion pratique aux producteurs de semence
et Ii leurs techniciens. Ce guide fera
l'objet d'une autre presentation au cours
de cet atelier.

Le tableau 3 montre que la production
de semence hybride a ete modestement
accrue et que les producteurs prives
augmentent progressivement leur r61e
dans la production. Quoique ceHe-ci reste
tres en decli des besoins (tableau 3), la
preuve a ete faite de la possibilite d'une
activite commerciale semenciere. Sur la
base d'un taux de semis de 10 kg/ha, Ie
secteur prive aura Ii produire les 2.000
tonnes de semence qui seront necessaires
meme si seulement 10 % des surfaces
cultivees en sorgho sont emblavees en
semence hybride. Ceci est d'autant plus
vrai que Ie secteur public ne dispose que
d'au plus 1.000 ha de bonnes terres pour
la production de toutes les semences
hybrides confondues.

700

Total
(kg)

1.400

7.101

26.000

-rieo

Quantite (kg)
_MLllli!duC'teYL

700

1.400

negligeable

J813
4.288

8.000

19.000

In. Semence necessaire IV. Superficie requise pour
pour 10%. de Ja superficie 1a production de semence

en sorgho (kg) pour III (Hectars)l
2.00Q.000 ..!ll-L- _

Producteur

lNRAN

Prive
lNRAN

Prive

lNRAN

Prive
lNRAN

Prive
Il. Semence totale
necessaire pour I. (kg)

20.000.000

1996

1997

1995

1998

lSuperflcie totale en
sorgho en 1996 (hectares)

2.000.000

Annee

Tableau 3. Production de semence de NAD-l par Ie secteur public (INRAN) et prive au Niger et esti
mations des besoins totaux.

,=~~~

t Ave< rhypollles< d'un!llax de semi. eSC II) kgiha pour 11; un "'"dement en semen" de 1500 kgfha pOll' IV

Sourrce: s.el""';"n du "<JfgllCl/o I"lNRANfINTSORM"T. T.PI"'rl' de con"eillo9~

--~-_ .._----- ----------------
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Conclusions et perspectives

La recherche sur les hybrides de sorgho
au Niger a montre de fa~on definitive la
superiorite agronomique des hybrides par
rapport aux varietes en fecondation libre.
En se fondant sur r exemple de rhybride
NAD-I. rlNRAN et I'INTSORMIL
collaborent desormais afin de faire de la
production et de la commercialisation de
la semence hybride une activile viable du
secteur prive. Au cours des deux
dernieres annees, des quantites plus lar
ges que jamais de semence hybride ont ete
produites et facilement vendues au Niger.
Ce phenomene devrait s'accelerer
puisque d'une part les agriculteurs
desirent acheter la semence, d'autre pan
Ie gouvernement soubaite se retirer de la
production de semence el que les
personnes privees sont interessees par les
investissements dans la production de
semence.

Des point importants restent cependant
iJ resoudre, y compris Ie besoin de capital
pour aider les producteurs de semence a
demarrer, Ie besoin d'equipement
agricole pour ameliorer la produclion et Ie
condilionnement des semences et la
necessite d'adapter des techniques de
commercialisation. En dernier mais pas
par ordre d'importance, Ie contriile de la
qualite des semences doit etre assure
d'une f~on planifiee par Ie biais d'une
legislation sur les semences et d'un
programme de certification des
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semences. NoDS estimons cependanl que
pour Ie moment. Ie poinlle plus important
est que la production parvienne a un
niveau de croisiere suffisant de sorte que
les agriculteurs et les producteurs de
semence profitent des progres
technologiques tels que NAD-I.

Bibliographie

Chan.creau. J.. et \I. Adamou. 191' Pnocipall'
resultals ct orientation sur sorgho au ~lgcr.

Agronomic Tropicale :u.x·3:~99.).03

F.~OS\lIAR. 1997. FAO. ROOt<. 11lI1I<
Kapran. L ~j. Adamou. \1 Abdou. S. Sou~. S.

Kondo. J.D. A:<.<l1. G. Ej«a. et T T~1e< 109".
E..,pression of heterosis and prospcc1$ for mar·
keting ofsorghum hybrids in 'Slger. POSIef pre
sented at the Imemational S~mpcos.lum on If)(

Genelics and Exploitation of HelerosT~ in
Crops. Augus. 17_~~. 1097. C1\lMYT. \I<,tro
D.F.• Mexico

Kapran.I .. J.D. A"<l1. <I G. Ej«a. 199,. Sorghum
hybrids: a \"iable technolog)!" for sustaining
Sah<lian agricullUre. Workshop 00 T""hno~

Development and Transfer to impro\"c Samra}
Resource Management ill West Afn(,3.
Niamey. Niger. 18-21 Sepccmber 1995

Kapran. I. 1988. hall13.ioo oflb< agrooomi< per
fOf"lTWlCe and food quality characteristics ofel.·
penmental sorghum hybrids in 'iger. West:
Africa. M.S. thesis. Purdue Uni,,-crsity. West
Lafayette. Indiana

P'IIS1Juj>-And<rsen P. <I R. Pand~..-lon:h~ 1995.
The furure food and agricullUf;l1 situahOO in lk....
,,·elopmg countries and me role of resean:h and
ITatning. T",·enry-fim J. C Snyder Memonal
lecture in Agricuhwal Econormcs.• PurdU(' l"ni
versity. feb. 6. 1995

Tyler. T. A. 1988. H<leroli< pattern and oombining
ablli.y for agrooomic and food gmn qlllllny
trailS'" Exotic'" Exotic. E,otic '" lnlclmCdiat~

and E,otic ... lOt.'31 sorghum h"mds ID \:iger_
M.S. thesis. Purdue Uni\CTS'~·.W('it laf3ydt~_
Indiana



Experience de production de semence
de NAD-l dans Ie perimetre irrigue

de Djirataoua, region de Maradi au Niger

Laouali Dogo et Oumarou Issa

Generalites

Nous commen~ons par une breve de
scription du perimetre irrigue de
Djirataoua (IP). L 'amenagement se situe
il une dizaine de kilometres au sud de
Maradi et il environ 700 km il l' est de
Niamey. II a ete realise dans la partie
centrale fertile de Ia plaine du Goulbi
Maradi sous financement du projet
anterieur de Developpement Rural du
Maradi (1982). Cet arnenagement couvre
une superficie nette irrigable de 512 ha
sur les 7300 ha initialement marques pour
Ie developpement. L' eau est pompee
electriquement II partir de puits profonds
de 101135 m de profondeur. Quarante des
43 puits initiaux sont encore utilises.
L'eau est amenee aux parcelles grace II
des canaux en ciment. Les sols sont
sableux, plats et faciles II drainer. Une
digue argileuse longue de 2400 m protege
Ie perlmetre irrigue des cmes du fleuve.
L'objectifprimordial du perimetre irrigue
est d'aider les communautes rurales II
parvenir II 1'autosuffisance alimentaire
grace IIl'intensification des cultures. On
estime que 876 chefs de families
possedent une parcelle dans ce perimetre
c'est-II-dire que plus de 10.000 personnes
en vivent. La superficie exploitee par
agriculteur est en moyenne de 0,32 ha. Le
perimetre est exploite toute I'annee avec
deux campagnes principales. Pendant la
saison des pluies (de mai II septembre), on
cultive Ie sorgho (50 %), Ie mil (2 %), Ie
mals (0,5 %), Ie piment (15 %), la tomate
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(5%), Ie coton (25%) et autres cultures
(2%). Pendant la saison seche (novembre
II mars), on cultive Ie ble (68 %), les
oignons (15 %), les poivrons et les
piments (15 %), la tomate (3 %) et autres
cultures (2 %). Le profit monetaire net
que tirent les producteurs des seules cul
tures de rente (coton, oignon, piment,
tomate, ble et les autres cultures) sur cet
amenagement est estime II 200 millions
CFA.

Les cultures vivrieres telles que Ie
sorgho, donnent des rendements moyens
de 2,55 t/ha pour les cultivars locaux, 3,1
t/ha pour les varietes ameliorees et 4,7
t/ha pour NAD-I (cultive sur des
parcelles II part entiere depuis 1997).

Experience de production de
semence de NAD-l aDjirataoua

Intervention INRAN/INTSORMIL: en
1995, apres plusieurs demonstrations du
cultivar NAD-I sur Ie perimetre,
l'INRAN et I'INTSORMIL ont lance une
nouvelle strategie de transfert de
technologie : la production de semence
hybride par les agriculteurs eux-memes.
Ces agriculteurs avaient sous contrat la
responsabilite de produire de la semence
pour I'INRAN pendant les deux
campagnes de culture. Les agriculteurs
recevaient en echange d'un soutien finan
cier une assistance de la part du personnel
de I'INRAN pour produire, moissonner,
battre et mettre en sac la semence de



NAn-I pour I'INRAN. les agriculteurs
cooservaient toutefois Ie grain produit sur
Ie parent male. Ce marche a ete conclu en
collaboration avec la direction de la
cooperative. Le resultatle plus important
de cette activitede production de semence
est son echee pendant la saison seche du
fait d'attaques de chenilles et sa bonne
reussite pendant la saison des pluies du
fait essentiellement de la competence des
agriculteurs du peri metre irrigue de
Djirataoua

Projetsemencierdel'ONAHA: il s'agit
d'un projet dOOll'objet est d'apporterune
assistance technique et financiere aux
produeteurs des perimetres irrigues. Ce
projet finance par la cooperation beige,
depend de rONAHA, I'agence
gouvemementale qui gere les perimetres
irrigues au Niger. Son objectif est
d'augmenter Ie rendement des plus
importantes cultures pratiquCes sur les
amenagements grace a remploi de
semences selectioooees produites par les
agriculteurs eux-memes. Des
demonstrations de comparaison de
rendement portant sur plusieurs cultivars
ameJiores dont NAn-I ont ere mises eo
place, landis que deux agriculteurs etaient
selectionnes pour produire la semence.
Apres one joumee porte ouverte tri:s
reussie, la semence de NAD-I a ete
achetee par Ie projet pour etre vendue aux
auttes agriculteurs.

Formation: en 1997. Ie projet
semencierde I'ONAHA entraiten rapport
avec l'INRANiINTSORMIl afin
d'organiser une session de formation sur
les techniques de production de semence
hybride. En 1998. une deuxieme seance
de formation etait organisee par I' INRAN
alaquelle 001 ete com';es 10$ tcchniciens

!J5

et les producteurs. Ces deux sessions de
formation ont offen one experience pra
tique de la gestion de la production de
semeoce et du controle de la qualite au
champ et pendant Ie stockage.

Chore des agricu/teurs pour la produc
tion de semence: la direction de la
cooperative, Ie personnel de I'ONAHA eI

les chefs de projets se sont reunis afin
d'etablir les criteres de choix : les
agriculteurs devaient avoir une
experience anlCrieure dans la production
de semence et etre prers aapprendre eI a
travailler en equipe avec d'autres
agriculteurs. 115 devaienl avoir pour
voisins des gens disponibles, bien
organists et ouverts aux oouveautes. Le
premier agriculteur seleetionne fut M.
Oumarou Issa ; il jouissait d'une cenaine
formation officielle. d 'une cenaine
experience dans la production desemence
de ble et avait travaille pour I'exploitation
pilote. De plus. ses voisins traieot pour la
plupart jeunes et dynamiques.

La production Ii proprement porler de
semence de NAD-/: Ie champ cboisi se
trouvait au milieu des parcelles
composantle « bloc .. ; il trait dote de sols
homogenes, aplanis pour faciliter
!'irrigation. le champ a ere nertoye et a
~u des Cpaodages de fumier (1.75 i'ba)
et d'engrais NPK (156 kg1ha de
15-\5-15). le billonnage a ere pratique
apres la premiere pluie ou \a premiere irri
gation. les semis ont ete ecbelonnes afin
d'assurer une boone synchronisation de la
floraison des deux parents ; Ie parent
femelle a ete plante 7 a8 jours plus lard
que Ie parent male. celui-ci elanl aussi
plante sui\'ant 5 rangs de bordure. le
semis a ete realise en paquets, un
demariage ramenanlle nombre de plantes



par poquet pour Ie parent mille atrois; en
raison d'une mauvaise levee, il a fallu
transplanter Ie parent femelle, en
demariant a 2 plantes les poquets et en
transplantant la troisieme plante,
L'irrigation a ete pratiquee selon les
besoins. Le premier apport d'uree a ere
fait au stade jeune plantule, Ie second au
stade montaison. Les plantes repiquees
ant re~u d'autres apports d'uree parce
qu'apres un controle des ebauches
florales les scientifiques de l'INRAN se
sont apen;us que ces p]antes etaient en re
tard dans leur developpement. Les autres
pratiques appliquees comprenaient
secouer Ies epis de sorgho pour ameliorer
Ia dispersion du pollen, l'epuration des
hors types dans les rangs milles et des
plantes male fertiles dans les rangs de par
ent femelle ainsi que Ie traitemenl contre
la cecidomyie du sorgho avec
CYPERCAL. A maturite, Ie male parent a
ete recolte en premier et les epis sortis du
champ. Malheureusement, une pluie
tardive s' est abattue sur les epis femelles
avant leur recolte. Taus les epis recoltes
ont ete secbes au soleil pendant 5 jours
avant d'etre bartus.

Considerations techniques: il etait
techniquement trios important d'isoler les
champs de production de semence des
autres champs de sorgho. Tous les
champs voisins ant done ete plantes avec
Ie parent male de NAD-l. Ce parent mille,
MR732 est reconnu et accepte par tous les
agriculteurs voisins comme une bonne
variete de sorgho grain de bouche. Tous
les conseils techniques en matiere
d'ecartement, de demariage, d'apports
d'engrais, d' epuration des hors types, de
nettoyage et de stockage de la semence
ant ete suivis. Les rendements en
semence preconises par INRAN et
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INTSORMIL variaient entre 1,7 et 2,0
tiha en conditions optimales de culture,
Nos agriculteurs ont obtenu un rendement
moyen de 2,4 t/ha. La production de
semence a ete financee par la direction de
la cooperative, Ie projet semencier de
l'ONAHA et les agriculteurs eux-memes.
L' argent a servi a acheter Ies semences
parentales aupres de I'INRAN, apreparer
les sols, aux engrais, aux traitements et a
la recolte, au conditionnement et au
stockage de la semence, La cooperative a
assure toutes les operations de
conditionnement de la semence afin d' en
garantir I'uniformite ella qualite. Les
agricultcurs ont fait un profit de 350 Fcfa
par kilo de semence hybride sur la base du
prix du sorgho grain en 1997 apres
remboursement de leur investisscmcnt et
compensation de leur travail. La
cooperative a decide de vendre toute la
semence conditionnee au prix de 650 Fcfa
par kilo de semence atous ses membres.
Au total, la cooperative a achete 859 kilos
de semence aux agriculteurs pour un cout
de 304.150 Fcfa et apres nettoyage a
revendu 834 kilos de semcnce aux
agriculteurs pour une recette de 542.100
Fcfa.

Perspectives d'avenir

Les resultats positifs de cette activite
de production de semence comprennent
les profits realises par les agriculteurs
produeteurs de cette semence ainsi que
ceax de la communaute locale. Les deux
producteurs ont realise un benefice
monetaire net de 184,000 Fcfa et reeolte
1,15 tonnes de grain sur Ie parent male
pour la consommation alimentaire
familiale ; de plus, ils ont obtenu une
prime en paille puisqu'il est estime que
les deux Iignees parentales auraient



produit environ 1,25 tonnes de paille. Les
agriculteurs voisins se sont montres tres
interesses par I'apprentissage de
nouvelles techniques et la realisation d'un
profit de sorte que chacune des quatre
cooperatives souhaiterait desormais avoir
son propre « bloc » pour la production de
semence. On peut donc conclure qu' it
s'agit lit d'un exemple reussi de transfert
de technologie, puisqu'une bonne
quantite de semence d'hybride NAD-I a
ete effectivement produite par les
agriculteurs sans probleme majeur. Les
principalement difficultes qui en majorite
n'avaient pas ete anticipees concernent la
mauvaise levee du parent femelle, sa
sensibilite it de nombreux ennemis d'ou la
necessite de plusieurs trailemenls. les
pluies tardives sur les grains mtirs non
recoltes et des capacites Iimitees de
sechage et de stackage.

On estime que I'allocation de terres it la
production de semence hybride devrait
passer de 0,8 ha actuellement it 2.56 ha
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voire it une superficie plus elevee compte
tenu de I'accroissement de la demande
pour la semence. Nous pou'-ons done
conclure que ce projet denait eIre
continue puisqu'il s'est a'-ere positif. que
les producteurs Ie veulent. que Ie desir
pour Ie transfer! de technologie est
present et qu'un appui financier et tech
nique est disponible. Compte tenu des
possibilites d'irrigation et de la rnoti,-a
tion humaine. il teste aIL'< cooperatives de
Djirataoua it ameliorer leurs equipemenrs
de sechage et de slockage des semences et
it la recherche it resoudre Ie problerne de la
pigmentation rougeatre du grain de
NAD-l. Pour terminer. nous tenons it
remercier infiniment toutes les personnes
qui nous ont aides de pres ou de loin it
aneindre nos objectifs. notamment Ie
projet semencier de I'ONAHA pour son
appui technique et financier et
I'INRANr1NTSORMIL pour son appui
technique.



Le sorgho hybride en
Afrique Occidentale

D.S,Murty

La culture de cultivars hybrides en
Afrique Occidentale a commence il y a
environ dix avec Ie mai"s. La recherche sur
Ie sorgho hybride a demarre au debut des
annees soixante-dix et aujourd'hui des
hybrides de sorgho sont officiellement
lances sur les marches au Nigeria et au
Niger. Mais la production et la distribu
tion a grande echelle de semence hybride
est trios a la traine. Alors que
I'infrastructure dans des pays comme Ie
Nigeria est importante et pourrait
satisfaire les besoins d 'un secteur
industriel des semences public/prive, elle
est quasiment inexistante dans la plupart
des pays francophones. Dans ce contexte,
Ie present atelier sur la production de
semences hybrides de mil et de sorgho est
pertinent et tombe a point nomme. La
presentation suivante recapitule
brievement les progres realises en matiere
de recherche, de production et de culture
du sorgho hybride en Afrique Occidentale
ainsi que les problemes rencontres.

Des recherches preliminaires au Nige
ria ont montre que les rendements des
hybrides de sorgho experimentaux
surpassaient de 40 % celui des varietes de
contrOies (Andrews, 1975). Subse
quemment quelques hybrides produits a
partir de parents photosensibles ont ete
lances par l'Institut de Recherches
Agricoles (IAR), mais ils ne sont pas par
venus ala phase de production (Obilana,
1981). Au Senegal, des hybrides precoces
obtenus a partir de parents femelles
americains ont produit des rendements

98

> 6 t/ha sous irrigation et de 4,5 t/ha en
culture sous pluie (Chantereau, 1983). Au
Niger, Kapran (1988) et Tyler (1988) ont
obtenu des resultats trios encourageants
avec des hybrides de sorgho sur tous les
emplacements. La poursuite des efforts
au Niger avec un hybride trios prometteur,
NAD-I (Tx 623A x MR 732), s'est
traduite par son lancement reussi aupres
des agriculteurs.

D'autres programmes nationaux en
Afrique Occidentale, a savoir au Burkina
Faso, Cameroun, en Cote d'Ivoire et au
Mali ont manifeste un certain interet dans
les hybrides de sorgho mais n'ont pu
poursuivre dans cette voie faute de
donnees scientifiques suffisantes et
d'experience. L'adequation des hybrides
al'agriculture vivriere dans les systemes
de culture traditionnels de I'Afrique
Occidentale a aussi ete debattue. Le man
que d' infrastructure organisee de produc
tion de semence, qu' elle soit publique ou
privee, etait et reste encore un facteur
dissuasif majeur de tout essai avec des
hybrides. En 1986 Ie Reseau Ouest et
Centre Africain de Recherche sur Ie
Sorgho (ROCARS) aautorise I'ICRISAT
a entreprendre la selection d'hybrides de
sorgho en cooperation avec les
programmes nationaux.

Dans les essais ouest-africains
d'adaptation des hybrides de sorgho
(WASHAT) realises entre 1986 -1995,
sur 6 a 13 emplacements par an, Ie
rendement des hybrides en tete de



classemenl elail de 3,6 t'ba par
comparaisoo a2,6 tlha pour les varietes
precoces de contrOle. Cbacune de ces
aDnees. les varietes locales qui en general
etaient tardives presentaient les plus
faibles rendements. Le rendement en
grain des meilleurs hybrides en essais
individuels atteignail 6 t'ha cenaines
aDnees. Les regressions des donnees de
tous les emplacements par annee
montrent que les hybrides selectionnes
maintiennent leur superiorite en
rendement dans tous les environnements
(conditions de haut et bas rendement) et
loutes les annees. Les parametres de
stabilite des hybrides pour Ie rendement
en grain etaient en general egaux a J ou
parfois > I, indiquant que les hybrides
repondaient positivement a une
amelioration des environnernents de pro
duction.

La recherche agronomique a
I'ICRISAT aKano au Nigeria. a montle
qu 'un hybride precoce etait superieur a
toutes les races locales pour Ie rendement
en grain quelle que soil la dale de semis.
La superiorile des rendements en grain
des hybrides a aussi ele observee a
diverses densites de plantation el niveaux
de fenilisation azotee. L'indice de recolte
etait d'environ 0,40 pour les hybrides.
< 0,20 pour Ie controle local et 0.34 pour
la variete precoce (Mur1y et Tabo, 1997).
Les hybrides onl aussi montle un ratio
equivalent-terre favorable (LER) par
comparaison aux varietes precoces et aux
contrOles locaux dans les essais de culture
en association avec I'arachide.le niebe,le
soja et Ie pois d'Argole. Les hybrides tels
que ICSH 89002 NG (ICSA 38 x ICSV
247) et ICSH 89009 NG (ICSA 39 x MR
906) ont ete mis en essais chez
I'exploitant dans les etats du Kano et du
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Jigawa dans Ie nonIdu Nigeria en 1991 et
1992 et Ie rendement en grain moyen de
21 de ces essais dans ces deux etats ,'lIriait
de 1.24 a 1.35 tIha pour les hybrides et
etait de 1,07 ['ha pour la ,ariete controle
des agriculteurs.

Deux hybrides precoces de 1'lnstilUt de
Recherches Agricoles (IAR) et deux de
I'ICRISAT (ICSH 89002 NG et ICSH
89009 NG) ont passe des essais multisites
de I"IAR et du projet national de
recherche concenee sur Ie Sorgho (Na
tionally Coordinated Sorghum Research
Project - NCSRP) du Nigeria, lis ont ele
retenus pour I'inscription en 1994 et Ie
comite national pour la nomination.
I'inscriplion el Ie lancement de ,'arietes
cultivees et races animales les a
officiellement mis sur Ie marche pour les
agriculteurs en 1997. Dans l"inter\"aJle.
L'ICRISAT a foumi les semences des
parenlS milles et femelles de ses h)-brides
au Service National des Semences (NSS)
des 1990-1991. Les semences parentales
onl aussi ete fourmes aPremier Seeds Co
(ancietmement Agricultural Seeds Co et
plus lard Pioneer Hi-Bred Seed Nigeria
Ltd.) et aBirma Agricultural Seeds ainsi
qu's d'autres organisation interessees
publiques ou privees. Vne aide S la pr0

duction de semence AllR a lite apponee
par I'ICR1SAT a Premier Seeds Co.
Binna Agricultural Seeds el Ie NSS. Pre
mier Seeds Co continue it produire et it
commen:ialiser des semences de ICSH
89002 NG sur une petite echelle (I a 10
tIha) depuis 1993. Duranl cbacune des
annees 1990-1992. nCR1SAT aKano a
donne des programmes de formation ala
production de semence pour les
personnels des organisations publiques
ou privees impliquees dans la production
de semence.



Au Burkina Faso, les scientifiques de
I'I.N,E.R,A (Institut National d'Etudes et
de Recherche Agricoles) ont effectue des
essais de sorgho hybride sur Ia station de
recherche de Farako Ba sur plusieurs
annees. lIs ont presente l'hybrid ICSH
89002 NO aux agriculteurs sur leurs
propres champs dans les villages voisins,
En cooperation avec I'ICRISAT, Mali, la
semence hybride a ete produite sous irri
gation pendant Ies etes de 1996 et 1997 et
cette semence a servi aux essais de
demonstration dans tout [e pays.
I. 'INERA s'efforce Ii l'heure actuelle
d'encourager la mise en place d'une
industrie des semences,

Au Mali, Ia CMDT (la Compagnie
Malienne pour Ie Developpement des
Textiles) s' est interessee Ii promouvoir les
cultivars de sorgho dans les systemes de
culture du eoton. Suite aquelques essais
eneourageants en exploitation de ICSH
89002 NG dans la region de San, la
CMDT a entrepris la production de
semence hybride surces propres exploita
tions (pendant Ia saison des pluies) Ii
Sougoula en cooperation avec
I'ICRISAT, Mali, depuis 1997, Les
semences servent actuellement aux essais
en exploitation dans toutes les zones
productrices de coton du Mali,

La mise en place d'une industrie des
semences dans la region, qu'elle soit
publique ou privee, permetlra de donner
acces aux agriculteurs aux hybrides de
sorgho et aux autres cultivars ameliores.
Dans Ies regions ou I'irrigation est impos
sible ou non viable economiquement, Ia
production de Ia semence hybride de
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sorgho peut etre faite en toute securite a
partir dc semis en juillet (dans Ies zones
soudaniennes). Dans certaines zones de
l'Afrique Occidentalc, Eurystylus oldi
pourrait causer des problemes de qualite
des semences et des grains dans les
parcelles de production des hybrides de
sorgho et necessiter des methodes dc Iuttc
integree pour un contraIe effectif, sans
danger et economique, L'Ergot
(Sphacelia sorghi) a aussi ete remarque
sur des lignees male-steriles f1eurissant en
conditions de basses temperatures, Des
problemes mineurs associes aux hybrides
pourraient eventuellement etre resolus en
selectionnant des parents d'hybrides a
partir de croisements entre varietes lo
cales et exotiques.
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Heterosis et production de semence de sorgbo
hybride en Afrique Occidentale

Aboub.c.r Toure, H. Frederick W. Rattuode
et Inouss. Aldot.yo

Les varietes populations locales de
sorgho de ('Afrique occidentale sonl bien
adaptees aux melhodes de cuhure
tJaditionnelles. Mais elles ne repondenl
que faiblemenl a ('accroissement des
apports d' intrants el ont par consequenl
un rendemenl pOlenliel en grain
relalivemenl peu eleve. Les avanlages
offerts par les hybrides de sorgho ont ele
signales pour la premiere fois par Conner
et Karper en 1927. Les possibililes de pro
duction commerciale de semence hybride
de sorgho sonl debattues depuis la
decouverte de la slerilite male genetique
dans Ie sorgho herbace en 1929. qui a ete
introduite dans Ie sorgho grain.

La supenorite des rendemenls en grain
des hybrides par comparaison aux
cultivars locaux a ete demontree dans Ie
monde entier. De nombreuses elUdes ont
etabli qu'en conditions de Slress les
rendements des hybrides et des varietes
locales diminuent mais en general. la
difference. mesuree en pourcenl, entre les
condilions de stress el les conditions
favorables de culture esl plus grande pour
les hybrides. En comparant la perfor
mance des hybrides. des varieles
ameliorees et des cultivars locaux, House
el al.(I996) onl estime la superiorile des
hybrides sur les varietes ameliorees entre
15 el 66 % el entre 7 el 131 % ';s-a-vis des
cultivars locaux.

L'agriculture sous pluie depend d'one
pluviometrie imprevisible el peu tiable
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qui peul causer des perles de rendements
voire une destruction complete des cul
lUres. On estime que si les meilleurs
hybrides sonl identi ties dans les condi
tions locales de cullUre ils denaient
pouvoir augmenter el slabiliser les
rendements obtenus dans ces memes con
ditions. Les hybrides F, de sorgho qui se
caracterisent par une vigueur hybride
precoce, un taux de croissance acceleree
et une capacite a mieux tirer parti des
faibles ressources en eau peuvenl
produire des rendements plus ele"es que
les varieles pores en conditionsde stress,

Une elUde des hybrides de sorgho au
Kenya a monrre que (,helerosis pouvait
accroitre la productivil'; dans des condi
tions de secheresse mooeree iI. shere de
meme que dans des conditions hydriques
plus favorables (Haussmann el al.. 1998),
Les hybrides presenlaienl des rendemenls
superieurs de 12 % a ceux des deo.x
varieles locales sur I'ensemble des huil
environnemenls tesles.

Les avantages offerts par I'helerosis
chez Ie sorgho cultive en Afrique centJale
el occidentale CWCA) pourraienl a"oir
contribue indireclement a la selection de
sorgho de type guineen avec des tao.x
relalivemenl eleves de fecondalion
croisee, Une elUde effeclUee au Burlcina
Faso a evalue it 20 0 •• Ie lao.x moyen de
fecondation croisee chez les varieles
guineennes tradilionnelles (Ollitrault et
aI., 1997). Par consequent. I'objectifpour
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les hybrides F, est de surpasser la perfor
mance des varietes populations locales
guineennes qui presentent une
heterozygotie nettement plus elevee que
les varletes fortement homozygotes. Les
varietes guineennes representent plus de
70 % du sorgho cultive dans la region.

La viabilite economique des hybrides
F, de sorgho dans la region WCA
dependra de :

I) La valeur economique des hybrides
F, (rente au vivre)

Importance de Ia superiorite du
rendement en grain par rapport aux
varietes locales,
Qualite du grain pour la meunerie,
la conservation,

• Desirabilite du grain pour les
preparations culinaires,
Valeur de la paille comme fourrage
et pour d'autres usages.

2) COlit de 1a semence hybride par
comparaison aux revenus financiers.

3) Stabilite adequate de la production
d'hybrides F, :

• Resistance aux insectcs
destructeurs tels que punaise de la
panicule,
Resistance aux maladies teUes que
pourriture charbon neuse,
moisissure du grain,

• Capacite a controler Ia date de
maturite (au moyen de la sensibi1ite
a Ia photoperiode ou de dates de
semis contrOlees.)

4) Production et distribution adequates
de semence de bonne qualite.
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Le developpement et I'emploi des
hybrides se sont en general averes lents
dans les pays en voie de developpement.
Ceci est particulierement vrai pour
l'Afrique centrale et occidentale. Mais il
existe une certaine expertise en matiere de
sorgho hybrides en Afrique occidentale
qui peut servir de base aux nouveaux ef
forts de developpement.

Les debuts de I'amelioration du
sorgho en Afrique Occidentale

En 1921 une station experimentale a
"te etablie a Bambey (Senegal) afin
d'effectuer des travaux de recherche sur
I'arachide en utilisant la ferroe fondee en
1913. Les premiers travaux de recherche
sur Ie mil et Ie sorgho ont debute en 1931.
En 1938, Bambey est devenu Ie haut siege
de la recherche agronomique au Soudan
fran9ais pour I'ensemble de la region
sahelo-soudanaise de I' Afrique
occidentale, du Senegal au Niger en
inc1uant les pays cotiers de la Guinee au
Benin.

En 1950, Ie gouvemement fran9ais de
I'Afrique occidentale a mis en place Ie
Centre de Recherche Agronomique de
Bambey (C.R.A.). En 1960, ce centre a
ete transfere ilia Republique du Senegal.

Avant 1951 etjusqu'en 1960 Ie Centre
de Recherche Agronomique de Bambey
representait I. seule institution ayant pour
mandat d'ameliorer Ie sorgho pour la
plupart des pays d'Afrique occidentale.
Les principaux objectifs du programme
d'amelioration du sorgho consistaient a
ameliorer les cultivars locaux grace ala
selection massale.
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Au cours des annees 1960. apres
I'independance, la plupan des pays
d'Afrique occidentale ont etabli leurs
propres Instituts Nationaux de Recherche
Agronomique (NAR). En plus de
I'amelioration des cultivars locaux, les
NAR ont initie leurs propres programmes
de selection au moyen de I'hybridation,
de I'introduction de germplasmes
exotiques et de I'etude de la vigueur
hybride.

Les bybrides • baR de germplasme
ouest-africain local

A la fin des annees 70 il a ete tente de
croiser chacun des 800 cultivars
representant les diverses races de sorgbo
composant la Collection Malienne de
sorgho (Guinee, Durra. Caudaturn) avec
la Iignee a cytoplasme male sterile
Tx623A. L'objet de ces croisements etait
de determiner I'aptitude generale a la
combinaison des vanetes populations
maliennes avec la lignee male sterile
disponible a I'.;poque.

Les effets de ('heterosis etaient
evidents a tous les stades de
developpement des plantes hybrides. La
vigueur et la tolerance ala secheresse des

plantules hyhrides etaient nenement
superieures a celles des parents maliens
(Tome, 1980). En general la croissance
des plantes hybrides etail beaucoup plus
rapide et abondante que celie des parents.
Les hybrides FI ont montre une tolerance
a la secheresse a tous les stades
pre-floraux de developpemenL

La forme de la panicule etait
intermediaire entre celie des deux par
ents. Le parent feme lie. un
Caudatum-Zerazera,~ une longue
panicule venicale avec de nombn:uses
ramifications courtes poneuses des
graines. L'hybridation de panicule des
types Keninke et Kende avec une
panicule du type Caudatum-Zerazera a
produit des panicules ,erticales
demi~uvenesavec Ie mcme nombre de
ramifications que Ie parent guineen mais
avec un nomhre aeeru de gtaines sur
chaque ramification. Les panicules
denses des types Gadiaba lDurra) et
Hegari (Caudatum) ont donne en
combinaison ave Ie parent Tx623A., des
bybrides a panicule longue et dense
(Tome. 1980).

L'evaluation des cultivars ponait sur
les reactions de maintien!resl8uration de
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la fertilite sur Ie cytoplasme AI. La
frequence des lignees restauratnces de la
fertilite observee chez les differentes
races de sorgho maliennes est presentee
dans Ie tableau 1. La distribution des
lignees mainteneuses ne suivait pas une
repartition geographique evidente (Toure
et Scheuring, 1982).

En 1982, un programme de
retroeroisement mis en place Ii Sotuba a
permis de convertir les lignees B
maliennes locales en lignees A. En 1985,
un total de 22 plantes femelles issues de 6
parents males (utilises pour Ie
retrocroisement) differents ont ele
retenues apres 5 generations de
retrocroisement. Leur descendance
devrait posseder 97 % des genes du parent
male malien sur Ie cytoplasme male

sterile de Tx623A. Malheureusement ces
lignees A maliennes ont ete perdues entre
1986 et 1990 lorsque les trav,ux de re
cherche sur les hybrides ont ete arretes.

Des effets importants et positifs de
I'heterosis ont ete notes pour Ie
rendement en grain par panicule et Ies
composantes du rendement de la panicule
Ii savoir Ie nombre de grains et Ie poids du
grain (tableau 2). Mais il n'existe aucune
possibilite d'exp!oitation directe des
hybrides F I entre Tx623A et les varietes
maliennes. La forme en dos de torlue du
grain (typique de tous les Caudamm)
prMominait dans toutes Ies combinaisons
hybrides avec les races maliennes. Cette
forme du grain Ie rend plus difftci!e Ii
decortiquer que Ie grain du type malien
Keninke lequel est ovale, arrondi et

Table 2. Heterosis pour Ie poids du grain. Ie nombre de grain par panicule et Ie poids de 1000
grains chez les hybrid.. Tx623A'CSM hybrids.

I
Poids du grain I Grain par panicule 1---1000 grains

I I
Poidsde Race du

Moyenne % Nornbre ~het~osiS Moyenne %
parent

Genot}-pe

I (g) he.terosis I (g) heterosis mille

CSM277 67.5 143

I
3386 93 19,9 25 IKeninke

A623 "'CSM277

I
142,5 115 5636 9J 25,3 11 Keninke

CSM 400 30,0 261 1466 191 20,5 18 Keninke
A623*CSM400 86,3 127 I 3777 7l ::2,8 Z2 Keninke
CSM432 I 15,0 17 768 34 19,5 8 Keninke
A623*CSM432 117,5 148

I
4972 150 23,6 9 /Kende

CSM4]]

I
22,5 245 B33 153 27,0 45 Kende

A623"CSM433 82,5 14 2848 6 29,0 10 Kende
CSM 440 113,3 58 I 5841

I
96 19,4 7 IGadiaba

A623"CSM440 I 120,5 28 5569 JJ 21,6 27 Gadiaba
CSM 396

I
11,7 142

I
868 97 13,4 7 IGadiaba

A623·CSM396 76,7 4143 I
r8,5

CSM427 16,7 1214 13,7
A623"'CSM427 115,0 4618

I
~4,9

CSM 134 28,3 1997 14,2
A623"'134 45,0 2354 19,1
CSM40 148,3 4091 I 36,1
A623"'CSM40 156,7 5934 26,4
CSM ~6 90,0 2654

I
33,9

A623·CSM46 117,5 3394 34,6
CSM59 43,3 1065

I
40,6

A623·CSM59 113,3 3462 32,7
B623 50,0 2442

L
20,5
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symetrique. La sous-enveloppe du grain
des hybrides F I contienl un tannin tres as
tringent qui rend ce grain pratiquement
inutilisable en tant qu'alimenl. Les
hybrides F I derives des croisements avec
les parents males du type Gadiaba ne
presentaient pas de sous-enveloppe et
etaient tous de superbes plantes. Mais leur
croissance etait tellement abondante
qu'ils etaient anonnalement sensibles ala
secheresse post-noraison et a la
pourriture charbonneuse due a
Macrophomina phaseolina (Tassi) Goid.

La selection d'hybrides acceptables a
partir de gennplasme local peut eire
accomplie de diverses manieres. Les
caracteres controles par un nombre
relativement restreint de genes tels que la
sous-enveloppe du grain et I'l&paisseur du
pericarpe ne demandent qu'un seul cycle
de selection apartir des varietes locales et
des lignees mme-steriles disponibles du
moment. Les earaeteres a herooite plus
complexe et ('amelioration simultanee de
plusieurs caracteres necessitenr p)usieurs
cycles de selection, Les methodes
d'amelioration des populations sont une
bonne option. La sterilisation et Ie
raccourcissement des lignees
mainteneuses maliennes ouvriraient la
pone a toute une gamme de possibilites
nouvelles de developpement d'hybrides
pour la region.

Les recherches actuelles sur les
hyhrides issus de germplume local

La caracterisation des croisements
avec un testeur commun guineen ou
partiellement guineen a ete initiee
conjointement par nER et I'ICRISATen
1998. Deux male-steriles (SP 47562A et
SP 52161A) provenant du travail de re-
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cherche sur la moisissure du grain par
nCRISAT aux Indes ont ete utilises.
Quatre varietes guineennes et quatre
varietes partiellement guineennes (issues
de Bimbiri SournalelS-34) ont sen; de
pollinisateurs. D'autres croisernents de
Iignees guineennes et partiellement
guineennes sur Malisor 84-7 A (avec
cytoplasme A,) comme testeur commun
seront inities ceDe annee.

Le developpement de lignees A
guineennes est en cours aFarako, Burkina
Faso (Da Sansan, communication
personnelle). une lignee etant a un stade
avance de sterilisation. Une etude de
I'aptitude generale ala combinaison avec
la race guineenne a ete entreprise par Ie
CIRAD.1.N.E.R.A. au Burkina Faso: elle
pourrait foumir des renseignements
utiles.

Hybrides iDtroduil5 (bybrides
Caudatum)

Mali

De 1979a1989, de nombreux hybrides
FI experimentaux et etablis. issus de di
vers programmes de selection (ICRISAT,
USA) ont ete testes au Mali. Ces bybrides
representaient un dosage delicat entre les
parents femelles courant< indiens (296A,
2219A, 2077A, A1296, A378)et Ie parent
femelle texan Tx623A et constituaienl un
echantillonnage representatif des
meilleurs parents males issus du
programme national indien de recherche
et des programmes de I'ICRISAT
d'amelioration des populations et de
selection pour la resistance a la
moisissure du grain. Ces bybrides ont de
plantes en essais dans differents
environnementsades fins d'obsen"lItion.



Au cours des anlllees 1979 et 1980, 1es
hybrides de l'ICRISATlInde derives des
parents femelles 296A, 22l9A et 2077A
ont ete mis en essai sur divers sites du
Mali. La croissance des plantes et la
tolerance it 1a secheresse se sont averees
excellentes sur tous les sites. Toutes les
plantes hybrides ont produit une panicule
normale et ont pnlsente un taux normal de
nouaison sur tous les sites. Les poids du
grain ont ete determines et des tests
alimentaires ont ete realises afin de
determiner la qualite des proprietes
alimentaires. Les hybrides presentaient
tous la meme qualite alimentaire. En
general, les hybrides derives du parent
femelle 2219A se sont averes les
meilleurs. Us etaient les plus precoces et
dotes de petites panicules cylindriques.
Les hybrides derives de 296A et 2077A
etaient trapus, relativement tardifs et
dotes d'une large panicule en forme de
lance porteuse de gros grains.

Au total, 59 hybrides ainsi que leur par
ent mftle ont ete plantes en essais
d'observation en 1980 au Mali (Sotuba,
Cinzana, Babougou et Baramandougou).
Les hybrides de Tx632A ont trios bien
pousse dans les quatre heux. A la
floraison, trois hybrides ont ete fortement
infectes par la maladie de la suie. Pendant
la periode de remplissage du grain, 15 des
hybrides ont ete infectes par la pourriture
charbonneuse et ont verse. Le poids
moyen du grain etait 52,6 g pour les pa
rents males, 69 g pour Ie parent femelle
Tx623A et 92,4 g pour les hybrides FI.

L'essai d'adaptation des hybrides de
sorgho ouest-africain (West African Sor
ghum Hybrids Adaptation Trial 
WASHAT) de 1'ICRISAT a ete entrepris
au milieu des annees 1980 en plusieurs
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endroits du Mali. En 1987, 21 hybrides
ont ete compares it Naga white, Hageen
dura, Framida et Malisor 84-3 pour Ie
rendement en grain et Ie caractere general
d'adaptation. Les hybrides en general ont
donne de bons rendements en grain. Le
rendement en grain de 1CSH 232 etait Ie
double de celui de la variete locale
Malisor 84-3 qui servait de contr61e et cet
hybride presentait une resistance aux mal
adies foliaires (tableau 3). L'evaluation
de 19 hybrides en 1988 it Cinzana et
Samanko a mis en evidence des
differences significatives par rapport it la
variete locale de contr61e. Les hybrides
ICSH-88042, ICSH-330, ICSH-507 et
ICSH-88038 ont produit plus de 3000
kg/ha aux deux endroits (tableau 4).
Dix-huit hybrides ont ete evalues quant it
leur niveau d' adaptation it Sotuba en
1989. Les rendements en grain etaient en
general bons. La plupart des hybrides
avaient des rendements en grain plus
eleves que ceux du contr6le Malisor 84-7
(tableau 5).

Nigeria

De 1968 it 1970 des essais ont ete
effectues au Nigeria (Samaru) afin
d'etudier la densite de plantation et les
niveaux de la fertilisation azotee. Trois
densites (35.880, 73.810 et 155.000
plantes par hal. trois niveaux de fertilisa
tion azotee (53, 132,211 kg N par hal et
quatre genotypes (trois varietes et un
hybride) ont ete inclus dans I'etude. En
1968, aucune reponse significative aux
amendements azotes n'a ete observee.
Pour tous les genotypes sauf la variete
2123, les densites plus elevees se sont
averees meilleures que la plus basse. Les
hybrides ont donne des rendements
significativement plus eleves que les



T.bleau 3. Euai _-ofricoia d'.d.pblliolo cleo .~1>rid.. tit sorPo (Wnt Afri<M s.rp..1Iy-
bridJAdopllltloo TrU!l- WASH~T.Sor1I.... 1987=. _

Hybrides

ICSH 232
reSH 526
rCSH 647
ICSH J16
ICSH 614
ICSH 233
ICSH646
ICSH 643
ICSH 569
ICSH "9
ICSH 648
reSH 229
ICSH 401
leSH 230
ICSH 231
ICSH 109
ICSH 507
ICSH641
ICSH 645
leSH 331
rCSH 642
Naga \\'bite
Hagcen durn.
Framida
Malisor 84-3

Moyenne
C\' (°'0)

Rendement en grain 5O-~ F10rais00 _<Il:laJll-
1Kgbal \lOOTS) (CIIU

6.!4-t 52 ~

5771 56 248
5730 54 ISS
5128 52 183
5409 57 1l~

5196 52 233
5128 57 115
4929 52 232
4925 52 233
4915 51 2:8
4713 51 208
4693 51 :!~

-\561 50 ." ......
~73 52 r~

'340 51 245-
.a280 53 218
4249 53 !lSI
4216 58 192
.4077 5' ~)

':958 55 ~l:

3788 50 WI
~~53 51 248
4091 50 18-
.t063 56 !8:"
3353 5' 265

472'- 53 11"':'
19 2 12

vanetes mais ala plus faible densite ils se
sonl averes superieurs seulement aux
deux varieles 2141 el 5921.
L'accroissement du rendement chez les
hybrides etaille resultal de panicules plus
lourdes plutol que d'un plus grand
nombre de panicules. Le poids du grain a
peu varie ou seulement legerement
diminue il mesure que la densite de plan
tation augmentail (Andrews. 1977 ).

Un comite d'action d'un projel de
sorgho hybride a stlmule I'inleret porte au
sorgho hybride au Nigeria avant 1980
(Obilana, 1982). Cinq hybrides de sorgho
ont ete mis sur Ie marche en 1985 et de Ja
semence ameliorie a ete fournie au Ser-
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vice National des Semences et il
I'entreprise priv"" AGSEED. La produc
tion de serneoce s'est ralentie et s'est
fioalement armee. Seule la "ariete SK
5912 utilise.: a des fins de maltage lorsde
la fabrication de la biere basse etait jugee
interessante.

En 1986. environ 454 hybrides
pn!liminaires ont ete mis en tesls
d'observation avec leurs parents II
Farako-Bli. Les hybrides derives de
croisements avec des parents resistants
aux maladies selectionnes en 1985. De

presentaient en general aucun S)mplome



Tableau 4. Essai ouest-africain d'adaptation des hybrides de sorgbo ('Vest African Sorghum Hy-
brid, Adaptation Trial) - W ASHAT, Cinzana, Samanko, 1988.

I
-,---

) Note de dcglitRendement en grain (kgiha)
50% Floraison ~

Hauteur de fa

Hybrides CZ SK Moyenne plantt ) par la punaise

I Ijours) r- (em) I de la panicule'"

rCSH 88042

I
3060 "'''' 3379 72 190 I 8,5

ICSJl330 3000 3630 3315 70 195 8.5
IC'SA 507 3160 3443 3302 69 200 7,5
ICSII 88()38 I BRa 3i95 3288 70 205 8,5
lCSH 88040 I 2750 3608 3179 72 195 7,5
ICSH 88045 2410 3698 3054 70 190 1
ICSH 643 I 2320 3698 ](lQ9 77 205 8
ICSH 88039 I 2960 2738 2849 71 200 8
ICSH 369 2760 2738 2749 73 200 8
ICSH 336 2430 3008 2719 70 150 8
ICSH 230 2650 2738 2694 70 190 8,5
ICSH 232 2160 3218 2689 68 190 7,5
ICSH 88043 2160 3113 2631 73 185 7
lCSH 88042 2000 :.:233 2617 71 205 8
ICSH 88044 2340 179X 2569 72 195 8,5
ICSH III I 2500 nUl 2409 66 220 6~

1CSH 231 2530 2190 2360 66 215 8,5
ICSH 780 I 2240 2460 2350 66 200 8,5
lCSH 527 1920 l568 1744 70 200 8.5
Var. locale(contrdle) I 2140 938 1539 74 390 ]

Moyenne I 2550 2910 2723 71 2% 7,7
CV(%) I 23 14

CZ: Cinzana SK: Samanku
'" note d'evaluation des dcgats causes par la punaise de la panicule eche)le de 1a 10avec 6 = moyen. 7 Ii. 10:= sensible.

Note de resistance
aux intemperies*

50%
Floraison

Gours)
Rendement eo grain

(kgih.l

) I
I

I

Essai ouest-africain d'adaptation des hybrides de sorgho (West African Sorgbum Hybrids
Adaptation Trial) - WASHAT, Sotuba, 1989.

Hybrides

Table 5.

Tx623Ax :MR732
ICSH 479
lCSH 89003
ICSH 507
ICSH 89002 NG
ICSH R8038
ICSH 780
ICSH 642

ICSH 330
ICSH 88039
Tx631A:x SUC36
ICSH 109
ICSH 88042
ICSH III
ICSH 89001 NO
ICSH 646
ICSII 230
89004 NG
Malisor 84-7
Mean

3700
3500
3500
3400
3400
3350
3300
3290
3180
2900
2730

2680
25()()
2430
2300
1820
3600
3550
1500

2190

66

'"69
69
67
69
62
62
69

68
68
67
70

66
63
72
64
69
66
66

4
5
5
5
5
5
4
4
5
4
5
5
5
4
4
5
5
4
2

• Note de resistance awe. intemperics, echelkJe I Ii 5 avC(; 1 ~ resistant; ~ = <>en.~ihle
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Limites des prem;"" bybrides de
sorgho eD WCA

Des 17 pays d'Afrique centrale el
occidentale produeteurs de sorgho, seuls
Ie Nigeria et Ie Niger ant officiellement

T_.6. SWperllclo(llal_ee......d
p••rcra.ace rasc'.race C'a

____ .,1JridtsJ'O"rdftpll~-","<iiIoI-'

5orIho •• <I. ...p.
Pus h,~_~__.

.10

'00
I

•
6

100
100
roo

12.800
1.000..I.-
6~34

1,65-0

6'.
.....0

--- -_._-~..

Ind<
All5lIaIe
Nigeria
Nip
Soudan
\iexique
Af¥<lltinc
LS

cel hybride. La ferme de production de
semence du CMDT a reussi la production
de semence ICSH 89002 quoique Ie raux
de germination de celie semence
necessite encore une amelioration.

Au Niger, Tx623A x MR732 sest
avere un hybride avec un rendemenl eleve
et une bonne qualite alimenraire el il a ete
mis sur Ie marche sous Ie nom de NAD-I
en 1992. Le rendemenl moyen en exploi
tation erail de 3000 kgi'ha. L'INRAN esl
aClUellemenl en train de dhelopper la
production et la commen:ialisation de la
semence de NAD-I. Un projet de forma
tion d'entrepreneurs prives a ele rlemarri:
afin d'assurer une Iransition sans
probleme de la production de semence
hybride de I'INRAN II ces entrepreneurs
prives. L'INRAN esl aussi en IralO
d'augmenler sa capacil': II saturer la
demande existante pour la semence
NAD-l.

de maladies foliaires et aucun signe de
verse. LCli parents femelles ICSA I, ICSA
2, ICSA II, ICSA 26, ICSA 38 et ICSA
40 qui ant ete introduits par Ie centre
ICRISAT combinaient de bons niveaux
de resistance aux maladies foliaires II un
rendement en grain eleve.

Les hybrides ont ere introduits au Niger
au cours des ann~ 1960, mais ils onl ele
abandonnes en raison de problemes de
qualite du grain et du sentiment que les
hybrides necessitent de bauls niveaux
d'intrants. En 1986,Ies travaux de recher
che sur les bybrides ont repris dans Ie
cadre du programme conjoint
INTSORMIL-INRAN. Kapran (1988) a
mentionne la mise en essai de 90 hybrides
sur plusieurs siles au Niger. Les hybrides
se soot averes superieurs aux "arietes lo
cales de 6 I % en culture irrigui:e el de
49 % en culture sous pluie. Le gain en
rendement par rapport aux parents
(heterosis) atteignait 45 010 sous irrigation
et etait meme plus eleve en culture sous
pluie (66 %).

.!Viger

De 199681998, l'hYbride ICSH 89002
(ICSA 38 x ICSV 247) a ete mis en essai
en exploitation dans la region du Mali
(BIB, Fana) recevant 600 - 900 mrn de
pluie. Les agriculteurs anI montre un
grand interet dans cet hybride en raison de
sa precocile, des qualiles fourrageres de la
paille el de la qualite satisfaisanle de son
grain pour la preparalion du To. La
sensibilile d'lCSH 89002 II la punaise de
la panicule elmtle plus sCrieux defaut de

Recbertbe meDte sur Ies bybrides de
!KIrgbo derives de parents du !)"Joe
Caudatum
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mis sur Ie marche des hybrides de sorgho
(Murty, 1996, communication
personnelle). Mais la superticie totale
ensemencee en hybrides ne depasse
toutefois pas 1000 hectares (tableau 6).

Les premieres evaluations des
hybrides ne portaient que sur un nombre
limite d'hybrides fortement apparenles ct
trop souvent des genotypes male-steriles
inadaptes servaient de parents femelles a
ces hybrides. Les parents males etaient
frequemment des lignees issues des
programmes de developpement varietal
qui n'avaient pas ete selectionnees
specifiquement pour seTVir de parents aux
hybrides.

Les obstacles aI'adoption des premiers
hybrides comprenaient : verse, maladies
foliaires, degats importants dus a Ja
punaise de la panicule, moisissure du
grain, striga et qualite du grain. Dans les
regions au les rendements etaient eJeves,
1a verse annulait tres souvent les gains en
rendements offerts par les hybrides. Dans
les regions ou la verse n' etait pas trap
importante, les punaises de 1a panicule et
la moisissure ont empeche I'utilisation
des hybrides. On ne sait pas quel impact
les hybrides de sorgho auraient sur les
maladies et les insectes si les hybrides
etaient cultives sur de grandes
superficies.

La sensibilite a la photoperiode de la
plupart des varietes locales leur procure
un avantage par rapport aux hybrides qui
sont insensibles a la photoperiode car
cette sensibilite assure la floraison II la fin
de la saison des pluies et donc Ie
murissement du grain pendant la saison
seche (Toure et aI., 1996). Les varietes
guineennes sont capables de produire des
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grains vitreux en conditions de secheresse
post-pollinisation alors que dans les
memes conditions, Ie germplasme
d'origine exotique n'assure pas un
remplissage adequat du grain. Les
varietes locales guineennes donnent de
meilleurs rendements en grain ctecortique
que les hybrides exotiques precoces et
elles presentent egalement une bonne
qualite du grain ainsi qu 'une resistance
aux insectes et de bonnes proprietes pour
Ie stockage.

Le reseau ouest et ceutrafricaln de
recherche sur Ie sorgho (West and
Central Africa Sorghum Research
Network - WCASRN)

Le plan strategique recemment mis en
place par Ie WCASRN etabUt Ie cadre des
activites du reseau pour les cinq annees a
venil. Les hybrides peuvent eontribuer de
fa,on significative a satisfaire les
objectifs d'amelioration de la production
et de la productivite du sorgho. Des
activites de selection en collaboration
sont envisagees en vuc d'obtenir de nou
veaux hybrides et de nouvelles varietes
ameliorees. Les activites visant a
accroitre la participation des pcrsonnes
interessees peuvent s'attacher aplusieurs
des problemes importants des sorghos
hybrides tels que I'identitication des
caracteres agronomiques/qualitatifs
requis pour que ces sorghos soient
acceptes et que leur production soit
economiquement viable et eeux de la pro
duction et de la distribution de la
semence.

Le deuxieme objectif strategique du
reseau s'interesse a I'amelioration des
possibilites de commercialisation et it la
consolidation de Ia demande pour Ie



sorgho. Le developpement de nouveaux
produits 11 base de sorgho. de nouvelles
utilisations du sorgho et les equipements
de conditionnement eonsideres par eet
objectif seront d'une importance
primordiale pour les hybrides de sorgho.
Une demande plus forte pour Ie sorgho
assurera un environnement favorable aux
hybrides 11 rendement ele"e. Les
exigenees en qualite des futurs hybrides
seront detenninees par les utilisations
desiree!;.

Conclusion

Tirer parti de I'heterosis est une des
meilleures strategies disponibles pour
I'amelioration du sorgho. L'obtention
d'hybrides de sorgho dont Ie rendement
serait considerablement superieur 11 celui
des "ariet':s traditionnelles et qui
possederaient une resistance adequate
aux insectes et aux maladies et une qualite
du grain adequate pour Ie
conditionnement et la preparation de plats
cuisines pourrail avair un impact majeur
sur la region WCA. Ces hybrides
susciteraient enorrnement d' enthou
siasme chez les agriculteurs et d'intem
chez les producteurs de semence et les
responsables gouvemementaux.

La production de semence de sorgho
ameliore et sa distribution aux
agriculteurs sont des necessites dans la
plupart des pays de I'Afiique occidentale.
L 'infrastructure existante pour la produc
tion de semence ne convient pas bien 11 la
semence d'hybrides F,. La reussite de la
production d'hybrides dependra done de
la mise en place d 'une telle infrastructure.

11J
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Rapport du Rapporteur

D.S. Murty

Statut actuel de la production
de semence de sorgho hybride

Premiere journee - Troisieme seance

Des presentations ont ete faites par B.
Sidi, J. Ndeunga, I. Kapran, L. Dogo et O.
bsa, D.S. Murty, A. Toure et A. Joshua.

Resume de la discussion

Les hybrides de sorgho actuellement
praduits sont essentiellement destines Ii 1a
consommation humaine par I' agriculteur
mais ils pourraient aussi bien elre utilises
comme fourragc que comme aliment. I.e
personnel de I'INRAN a explique que la
graine de NAD-l convient Ii la fabrication
de t6 et de couscous acceptables. Mais
parfois, en particulier lorsquc Ie grain
prend la pluie juste avant la recolte, la
farine est d 'une couleur rouge ct peu
appetissante. I. 'identification d 'hybrides
de sorgho avec une qualite du grain ct
nutritionnelle plus elevee n'est qu'une af
faire de temps. A Farako Ba, les
scientifiques de I'I.N.E.R.A.lBurkina
Faso ont selectionne des caracteres nou
veaux qui doivent maintenant etre testes
en essai. Les plantes de couleur ocre
donnent des produits alimentaires avec Ie
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moins de decoloration et par consequent
les plantes de types guineens de couleur
ocre auront de meilleures applications.
Dans la region de SADe, des parents
femelles et males de couleur ocre et
precoces ont ete selectionnes et sont prets
Ii etre evalues pour la culture en zones
saheliennes. II a ete suggere que Ies pa
rents femelles photosensibles
sdectionnes Ii I' IAR, Nigeria, pendant les
annees soixante-dix soient aussi evalues
quant Ii leurs applications possibles. En
Egypte, la graine de sorgbo hybride entTe
dans la composition du pain (80 % ble, 20
% sorgho) afin de minimiser les couts
d'importation du ble. La question d'une
concurrence possible entre Ie sorgho et Ie
mals dans les zones humides du Ghana a
etc posee. II a ete discute de ce qui
constituerait un prix equitable de la
semence hybride de sorgho par
comparaison au prix du grain. La
semence hybride aux Indes est
actuellement vendue Ii 10 fois Ie prix du
gram.



Statut actuel du petit mil bybride
en Afrique Occidentale

K. Anand Kumar, B. Onendeba,
S. Boureima, S.c. Gupta et S. Ouattara

Resume

La decou,'erte de la sterilite male
cytoplasmique (CMS) che:: Ie petit mil
fPenniselUm glaucum) et la selection et
mise sur Ie marchl? du porent femel/e Tift
13A au debut des annees soiTante ont
rendu possible la production d 'hybrides
simples (SCH, male sterile x lignee in
bred restauratrice) aux /ndes et ant
contribue aux augmentations
spectaculaires des rendements en grain.
Le mdle sterile Tift 13A ne com'ient pas
aux conditions de I 'Afrique Occidentale.
Des recherches preliminaires sur des
croisements vuriete x variele el lignee
inbred x variete ont montre que
I'augmentation du rendement potentiel
pouvail eire obtenuesans utiJiser La eMS.
De tels hybrides n 'onttoutefois,iamais ete
utilises en production,

En 1986, des tra,'aux de recherche
exploratoire ont ete entreprlS sur les
hybrides de petit mil au Centre Sahilien
d'/CRISAT Les efforts ont initialement
ete consacres au developpement
d'hybrides lignee inbred x varihe (JVH)
parce que les lignees adaplees
male-steriles n 'etaient pas disponibles,
Les IVHpermenent d 'utiliser des lignees
inbred, normales « comme parents
femel/es » et por consequent d 'e,'iler Ie
long processus de developpement de

parents femel/es,Des M'Qluations appro
fondies des /VH ont monrre qu 'ils elaient
deux jours plus precoces que les ,-arietis
a fecondation libre rap 1'), qU'ils
offraient un plus grand e.V!ntail de hau
teur de plantes et de longueur de repi,
qu 'i1s produisaientplus de toiles et qu 'ils
presenraient une augmentation du
rendement d 'em'iron 10 %, Bien qu 'il y
ait des eTceptions, les aprarendements
plus eleves avaient tendance Ii produire
des /VH Ii rendement plus ele1Y!s, l'ne
etude sllr 11 em'ironnements diffirents
correspondanr Ii di,'ers ni,'eaux de
disponibilite en eau, de nutriments et de
densite de plantes aI 'hectare a monrre
que les h,'brides IVH se componaient de
la meme maniere et donnaient des
rendemenlS en grain eleves dans tous les
environnements etudies,

Par consequent la selection >'tlrietale
contribue aussi a10 selection d 'hybrides,
Des elUdes sur la proportion de groin
h,'brideproduit montrent que la presence
jusqu'li 20 % de grain aUlofeconde
(inbredl a peu d'effet sur Ie rendement en
groin,

L 'emluation de mdle-steriles etablis
DUX /ndesetaux Etats-Unisd'..fmeriquea
mis en e,'idence la necessite de
selectionner des parents femel/es CMS
sur place en Afriqlle Occidentale, l.;ne
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premiere serie de 18lignees male-suiriles
et de lignees mainteneuses a ete
developpee et a servi ala selection et a
I'evaluation d 'hybrides simples SCH et
d 'hybrides top cross (TCH). Une seconde
serie de male-steriles est maintenant en
cours de developpement.

Une etude utilisant les hybrides top
cross derives du croisement de cinq popu
lations locales avec quatre lignees
male-steriles a montre que les hybrides
top cross donnaient des rendements en
grain plus eteves et etaient plus stables
que les populations locales elles-memes,
et qu 'ils oJfraient done la possibilite de
combiner I 'adaptation locale au
rendement eleve. Le rendement en
semence de TCH obtenu en parcel/e de
production de semence indique qu 'il est
possible de recolter 0,31 tha· f desemence
hybride et 1,1 t ha·1 de la variete male
(pol/inisateur) avec une proportion
femelle:mdle de 1:2. Une estimation
rapide et grossieres undique que les pro
fits seraient compris entre 650et 850 dol
lars par ha si une proportion plus
opt/male de 4:2 etait utilisee.

Les criteres de selection de 1VHet TCH
sont donnes sur la base de I'experience
acquisejusqu 'a maintenant. Les resultats
obtenus ant encourage la mise en place
d 'un programme1CRlSAT-ROCAFREMl
regional d'essais d'hybrides de petit mil.
Afin de tirer completement parti du
potentiel en rendemem des hybrides, un
certain nombre d'ameliorations
generales de la fertilite des sols sont
necessaires. Les problemes d'infra
structure affectant la productioll de
semence et les problemes associes aux
marches garantis de grain et ala diversi
ficatioll des utilisations finales doivent
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taus titre resolus pour permettre aux
hybrides d'titre profitablement produits
par les petits exploitants.

Introduction

La decouverte de la sterilite male
cytoplasmique (CMS) chez Ie petit mil
(Pennisetum glaucum) et la selection et
mise sur Ie march" du parent femelle
male-sterile (CMS) Tift 23A au debut des
annees soixante ont rendu possible la pro
duction d'hybrides simples (SCH,
male-sterile x Iignee inbred restauratrice)
aux Indes et ont contribue aux augmenta
tions spectaculaires des rendements en
grain. Bien que Tift 23A ait ete mis ala
disposition des programmes de selection
en Afrique Occidentale a la meme
epoque, les hybrides de petit mil n' ont pas
fait I'objet d'essais approfondis. Le
male-sterile Tift 23A ne convient pas aux
conditions de l'Afrique occidentale pour
les raisons suivantes : precocite de la
floraison, sensibilite au mildiou, absence
de vigueur initiale se traduisant par une
mauvaise levee et de mauvaises densites
de plantes Ii I'hectare et des retours Ii la
fertilite. C'est pourquoi peu de ressources
etaient consacrees a la selection de SCH
et seulement des travaux de recherche
exploratoire s'interessaient aux hybrides
inter-varietaux et top cross (TCH,
male-sterile x variete Ii fecondation libre).
Les principales conclusions concernant Ie
developpement d'hybrides en Afrique
(ICRISAT 1987) ont ete presentees au
cours du dernier atelier de travail interna
tional sur Ie petit mil en 1986 Ii Hyderabad
aux Indes. Les hesoins suivants ont ete
etablis : (i) initier du travail de recherche
preliminaire sur les hybrides de petit mil
en Afrique Occidentale, (ii) etudier Ie
comportement des hybrides et des



varietes vis-a-vis des maladies, et (iii)
rassembler des donnees sur Ie
comportment des hybrides en conditions
de stress hydrique. Sur la base de ces con
clusions, des recherches exploratoires sur
Ie developpement d'hybrides de petit mil
ont ete entreprises au centre Sahelien
d'ICRISAT au milieu des annees 80.
Ainsi une large part de la recherche sur les
parents femelies et Ie developpement
d'hybrides de petit mil en Afrique
Occidentale a ete effectuee a
I'ICRISAT-Niger (Centre Sahelien
d'ICRISAT) landis qu'une recherche
preparatoire en collaboration avec
I'INTSORMIL se poursuivait au Mali et
au Senegal. l 'experience acquise et les
progres realises jusqu'a present font
I'objet de cene presentation.

Types d'bybrides possibles " petit
mil

Parce que Ie petit mil a un systi:me
reproductif protogyne. cinq types
d'hybrides sont possibles (tableau I) dont
les plus populaires sontl'hybride simple
(SCH, parent femelle mile-sterile (A1 x

parent male restaurateur fixe (Rll et
I'hybride top cross (TCH. mile-sterile
(Al x varietea fecondation libre(OP\·)).

Au milieu des annees 80. comme on De

disposait pas de ligni:es male-steriles
adaptees pour developper et tester les
SCH et TCH en Afrique Occidentale. la
majorite de la recherche au Centre
Sahelien d'lCRISAT etait consacri:e aIL':
hybrides Iignee inbred x variete (IVH).
Dans ces hybrides, une lignee inbred
male-fertile est utilisee comme parent
femelle puisque la protogynie du petit mil

Tab"'. t. Typos d'bybrldeslJMSibles cbez .. potlt IIIiL
-----~

H}-bridt simple (SCH)

")tRide top cross
[TCH)

Issus de croisemc:nt

,lnbmJ fertile" .....riC:'IC i fi w- librt
,ED UliI_ta _ ..... fOciliIor ta poIliniso1io11
:eDft Ies parents. Gines de resuuntim de La ft"l'111i1~

1:IDikO!S~~_~~.~~daas Ia~ _

CMS ... Iignee resraumricc' de' b fanlitt·
La resuuratlon de: b fcrtihli' des b)'br1des F, est CI'\IC'1IJco.

Pamll fcmelk CMS x \--ariC'tt~ de' b f~
i tecoodarioII Ijift_
La re:sIalnlion de Ia fc:niliit' milt daDs ks b\tndcs F·
esI C"rUCWe.le~I mile pcuI m- lint\~ p3PUla
lion localoe ou UQC' \..nttt ~Iioftt.

Hybride \-'mete " \"arii'te

Hybrides trois-mies (TWH) hrmt femelle CMSF II.""81 ~ lnbred f'C'SUUh1nC'C' de
b fmilire
Le pvent randle esa uti h}iwiOr Fl ~'P*' cmrc
line lip« A C1 UQC' Iignec B 1IIlUD1.enN'SC'~

dimmitt". Pnn moe urilisi' pour ~iter 1"cmpJoi d"Wl p:ar-
~,f~lIe a!~~'1_~~_.__, ', __. _
Vanete a f«ondation htn x\~ a f«oodatioa bln"
\'andes iii fecoodatioo !ibn:. unehor-ea OIl culm.."

. Iocau.'t des ~9JI_I~:.-F~bJ~_~~~tl1e _

·bybridn SCH ~ws de deux 1ign6es lDilc---fertilcs DC son1 s-s falsabb du fail cit- probkmes cit-~~.....
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offre une periode de un II plusieurs jours
avant l'anthese pendant laquelle seules
les parties femelles de I'inflorescence
sont fertiles - la plante etant
foncli01Ulellemenl male-sterile - et que
par consequent si seul du pollen d'un par
ent mille choisi est present pendant cette
periode, ne seront produits que des grains
hybrides. Les lVH peuvenl eIre
rapidement seleclionnes parce que: (i) les
possibililes d'utiliser des lignees inbred
nouvelles pour parent femelle sont plus
grandes, (ii) si la sterilite male
cytoplasmique n'est pas utilisee,
I'hybride FIest toujours completement
male-fertile el il n'est done pas necessaire
que Ie parent male soit un restaurateur de
CMS, (iii) la multiplication d'une lignee
inbred est relativement plus facile que
celie d'une lignee A (AxB), (iv) Ie
processus de recherche de lignees
mainteneuses parfaites est fastidieux et
les retrocroisements servant II la produc
tion des Iignees male-steriles ne sont plus
requis, et que (v) les problemes de syn
chronisation sont moins frequents du fait
de la prolongation de la periode de
floraison de la variete pollinisatrice (il est
preferable que Ie pollinisateur ait liber"
1/3 du pollen avant Ie debut de la
protogynie du parent femelle).

Historique

Entre 1967 et 1975 les Chercheurs de
I'IRAT en Afrique Occidentale ont etudie
les niveaux d'heterosis qu 'il etait possible
d'obtenir II partir de croisements
inter-varietaux (entre varietes popula
tions d' Afrique Occidentale) et
d' hybrides top cross. Ces derniers
derivaient de lignees avec une bonne apti
tude generale II la combinaison provenant
du croisement, au moyen de la
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protogynie, d'une population avec une
autre variete II fecondation libre, et
comprenaient des hybrides entre des
lignees naines et des parents males de
haute taille donI la semence produite
naturellement etait II 95 % hybride (Lam
bert 1982). Les hybrides inter-varietaux
presentaient des rendements jusqu'll 59 %
superieurs II celui du meilleur cultivar lo
cal. Bien que ccs hybrides n'aient pas ete
utilises en production. leurs resultats
demeurent tres importants puisqu'ils
demontrent les gains potentiels en
rendement qu'i1 est possible d'obtenir
sans utiliser CMS. meme en restant dans
les limites de la diversite genetique
adaptee aI' Afrique Occidentale.

Le programme de recherche du debut
des annees 80 aI'Institut de la Recherche
Agronomique, Samaru, Nigeria a montre
que les lignecs malc-steriles disponibles a
I' epoque (5141 A, 5054 A selectionnees
en lnde comme des variants de Tift 23 A
resistants au mildiou) et les hybrides
developpes II partir de ces lignees etaient
tres sensibles au mildiou (Nwasike,
1987). L'ICRlSAT, en collaboration avec
l'Institut Senegalais de Recherches
Agricoles (lSRA), a debute un
programme d' amelioration du petit mil au
Senegal en 1977 sous financement du
PNUD. En 1982 ce programme de colla
boration evaluait hui! hybrides lignce in
bred x variete (lVH) aBambey. Un seul
hybride lVH, IBMI 8108 x Sauna III, a
donne un rendement en grain
significativement superieur au temoin
Souna III. Un second hybride II:lMI 8108
x !BV 8401 a attire I'attention et a ete
conserve pour les cssais ulterieurs. Un
essai de 28 hybrides SCH (issus de
croisements entre quatre male-steriles
provenant des lndes et quatre lignees



inbred developpees il Bambey) a ete
effectue aBambey pendanl la saison des
pluies de 1983. L'hybride 81 A x IBMI
8108 a donne Ie rendemenl en grain Ie
plus eleve (de 46 % superieur au lemoin
Souna III qui a produil 1.3 I ha") el etail
suivi par 81 A x IBMI 8207. III A x PS
90-2 el II I A x IBMI 8108. Tous les
hybrides elaienl significa- livemenl
moins sensibles au mildiou que Souna III.
mais plus sensibles au charbon du grain.
Tous les hybrides etaient plus courts el
avaient des epis plus courts que Souna III.
Deux Iignees mMe-sleriles ( III A et 8 IA)
et deux lesleurs (IBMI 8108 el IBMI
82(6) presentaient la meilleure aptitude
generale il la combinaison en lerme de
rendemenl en grain.

En 1984, un essai de 24 hybrides a ele
effectue il Nior<> el Bambey. l'essai etail
compose de deux hybrides inbred x

variele, sepl hybrides simples (choisis en
fonction d'un essai pour Ie rendemenl en
1983)el15hybridesselectionnesen 1983
dans une pepiniere de germplasme. SeIOD

la moyenne sur deux sites, huil hybridcs
onl donne des rendemeDls en grain
significalivemenl plus eleves 43 - 62 .'.
que la vmele adaplee Souna III (tableau
2). L'hybride avec Ie meilleur rendemenl
etail ICMH 8407 el il elail suivi par
ICMH 8413. ICMH 8411 ellCMH 8403.
En general. les hybrides onl produil plus
d'epis mais des epis plus courts que
Souna III. Jusqu'il recemmenl Ie facleur
limilanl la produclion d'hybrides
demeure Ie manque de lignees
mille-sleriles adaplees. Nos obser\'ations
indiquenl que la ftiquence des genes
mainleneurs A, esl faible dans Ie maleriel
d'Afrique Occidentale. Bien que deux
male-sleriles 81 A et 111,\ aienl ele
relenus, peu de travail de production el de
mise en essai d'hybrides a suiv; du fail de
la fin du programme de collaboralion
ICRISAT-ISRA en 1985. Des etudes
ulterieures (Ouendeba el aI.. 1996) onl
aussi suggere I'emploi d'hybrides de petil
mil pour augmenler la production de grain
el de fourrage.
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Selection des parents femelles

Lorsque Ie programme d'amelioration
du petit mil a ete entrepris au Centre
Sahelien d'ICRISATen 1983-84, une pe
tite partie du temps etait consacree a
I'exploration des possibilites de
developpement d'hybrides. En 1984, 92
hybrides experimentaux ant ete produits
en utilisant 81 A (ICMA 1) comme testeur
et evalues pendant la saison des pluies.
Pendant la saison agricole de 1984, une
forte secheresse a sevi. La pluviometrie
totale n' a ete que de 260 mm, soit la plus
faible pluviometrie emegistree au cours
des 78 annees precedentes et en aout la
pluviometrie n'a ete que de 56 mm
(contre 204 mm en moyenne). Dans
certaines regions du Niger occidental, la
variete population locale (Haini-Kirei,
110 jours pour arriver a la maturire) n'a
produit aucun grain. Mais les hybrides se
sont tres bien comportes ; ils etaient
precoces (85-90 jours pour arriver a la
maturite) et ils ont produit deux fois plus
de grain que les varietes locales au
ameliorees (90-110 jours, 0,7 t ha· I

). En
raison de I'extreme secheresse taus Ies
croisements etaient depourvus de
mildiou. Mais entre 1983 et 1987, il est
appam que Ie maJe-sterile 81 A, quoique
resistant aux Indes, etait extremement
sensible au mildiou en Afrique
Occidentale (present a 95-1 00 % sur 81 A
et 81 B).

L 'evaluation de 21 paires de
male-sterile et de mainteneur en 1987 (y
compris des lignees male-steriles
contenant Ie cytoplasme Pennisetum
violaceum provenant de !'ORSTOM,
Niger et Tifton, GA, U.S.) a montre
qu'elles etaient toutes sensibles au
mildiou. Des travaux de selection au sein
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des lignees B et A etablies indiquent que
la sensibilite au mildiou reste un
probleme majeur. Par consequent il faut
selectionner les parents femclles sur place
en Afrique Occidentale en se servant des
lignees inbred adaptees.

Nos premieres tentatives d'incorpora
tion du cytoplasme male-sterile dans les
patrimoines genetiques adaptes de (Ex
Bornu x Togo), Sauna (ex Mali) n'etaient
pas encourageantes. L'incidence du
mildiou sur les paires plante x plante
atteignait jusqu'a 70 % et la sterilite
n'etait pas stable. Le male-sterile ICMA
90III produit de I'ICRISAT aux Indes
etait depourvu de mildiou. En plus, nous
avons selectionne quatre male-steriles
ICMA 9011 [, DSA [34, PMC 23 et [18 A
(ITMV 8001 x INMV 8220)] directement
dans la pepiniere de mildiou. Celles-ci
ant servi au developpement de la
premiere serie de tignees male-steriles
ainsi qu'a la selection et a I'evaluation des
hybrides SCH et TCH afin de determiner
Ie type d'hybride convenant a I'Afrique
de l'Ouest. Actuellement, 18 paires de
male-sterile ct mainteneur derives de ces
quatre patrimoines generiques sont
disponibles. Elles presentent une grande
variation au niveau de plusieurs
caracteres y compris Ie nombre de jours
pour fleurir, la hauteur des plantes et les
caracteristiques des epis. Ces
male-steriles ant ete selectionnes a
Sadore a partir de la pepiniere pour Ie
mildiou de maniere aassurer la resistance
au mildiou mais il faut faire les mettre en
essais approfondis dans toute la region
afin de determiner la stabilite de cette
resistance.

Les lignees male-steriles de la seconde
serie en cours de developpement sont is-



sues :(a)ducroisemenl ITW x Sadore lo
cal oil vr W est une souche genetique de
universiledu I'Nebraska(UNL), Lincoln.
(b) du croisemenl 81 BHT x lARD 125x
90PV 6x 13) oil 81 BHT a ele developpe
par l'lnstitul d'Economie Rurale du Mali
et esl issu du croisement 81 B x Tiotande
et ARD 125 est une lignee du Togo el
90PV 6 x 13 est une lignte inbred de la
UNL, Lincoln ; (c) du croisemenl
(Tog0-2 x [INMG-3 x IP 80561 ; oil
Togo-2 (Iniadi) est une race locale
precocc et INMG-3 esl un pool genetique
developpe par ICRlSAT-lNRAN et IP
8056 esl un gennplasme nain de la collec
tion mondiale. Le quatrieme retro
croisemenl vienl d'eire acheve et 55
paires CMS onl ele selectionnees pour
eire evaluees Quant Ii la resislance au
mildiou ella stabilile de la slerilite.

Toules les lignees male-sleriles de la
premiere et de la seconde serie possede Ie
cyloplasme A,. Ce cytoplasme parail
avoir des problemes en matiere
d'expression complele de la Slenlite mile
et de restauration complete de la fertilite
male. On sail que les lignees A,
miile-sleriles peuvenl redevenir
producttices de pollen Ii un tau.~, quoique
faible, suffisanl pOUT necessiler uoe
epuration soigneuse des parcelles de pro
duction de semence de lignees A el de
semence hybride. Le cytoplasme A. com
mence lout juste Ii eire utilise (Hanna,
1989) el 20 paires AlB onl ele derivees de
souches genetiques apparenlees. Ce
cytoplasme ne semble pas posseder de
moditicaleurs des genes de s"~rilile el
presente une expression de la slerilile el
de la fenilile males moins sujene am.
effels de I'environnemenl. ce qui
simplitie Ie developpement des lignees
miile·steriles. Les antberes steriles ont un
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aspect diffCn:n1 des antberes steriles A,
du poinl de vue de leur tailJe. de leur
fletrissemenl el de leur translucidite mais
elles se dislinguenl facilemenl des
antheres fertiles.

Au Nigeria Ie developpemenl de
male-steriles a CIC entrepris en 1996 a\'ec
l'introduclion de populalions A. et B
derivees du Germplasme Composite
Nigerien d, (NCd,BC, - sur eytoplasme
A.) developpe am. lodes par ICRISAT.
Pendanl la conlre saison de 1997, ces p0p

ulations A. el B ont ele mises en culture a
Dadin-Kowa. el 86 croisernents plante Ii
planle onl ele realises. La slerilile male el
la resistance au mildiou de ces 86 paires
NCd,BC, oot ele evalutes Ii Bagauda
pendanl la saison agricole de 1997.
Toutes les planles A, elaienl
mile-sleriles. Cinquanle clone paire A B
resistanle au mildiou ont ete selectionnees
el 129 croisements A, B plante aplanteonl
eleproduits. Les graines issues deces RC,
ont ele semtes ii Kadawa et Dadin-Kowa
pendanl la contre saison de 1998.
Soixanle-quinze Iignees A onl ete
crolsees par leurs Iignees B
COl'TeSpondanles. II esl prevu de menir 20
paires dislincles morphologiquemenl
apres evaluation de ces is paires A B
(RC.) a Bagauda et Maiduguri pendanl
I'acluelle saison des pluies pour les
C3nlCleres de resistance au mildiou. de
stabilile de la sterilile etd'uniformite. Des
elUdes sur les caracleristiquesd'aptitude a
la combinaison de ces li~ees onl ele
entreprises.

Hybrid~ Inbred x V.rit'tt'

En 1985. atin d'eviler I'utilisation de
lignees male-sleriles. un prog:ramme de
recherche sur res IVH a ele entrepris el



celui sur les TCH a ete continue. La popu
lation naine 3/4HK-B78 a He utilisee au
lieu d'une lignee inbred male-fertile
comme parent femelle. Les premieres
evaluations des 24 eroisements
experimentaux montrent que les hybrides
TCH et IVH ont des rendements
similaires (une moyenne de 1,9 I ha,l)
surpassant de 23 % ceux de la vanete
remoin (CIVT) et requierent un nombre
similaire de jours pour fleurir it 50 % (une
moyenne de 56 jours). Le mildiou etait
present sur 25 % des TCH avec Ie
male-sterile 81 A tandis que seulement 7
% des IVH etaient infectes.

Entre 1988-1994, plus de 350 IVH ont
ete cteveloppes (en croisant, grace a la
protogynie. des inbreds male-fertiles
comme femelles avec 24 varietes
ameIiorees a fee ondation libre OPV
comme males) et ont ete testes dans 30
essais sur trois sites. Par comparaison aux
orv, les IVH .::taient en general precoces
de deux jours, montraient une plus grande
diversite dans la hauteur des plantes et la
longueur des epis, produisaient plus
d'epis et de talles et donnaient une aug
mentation de rendement d'environ 10 %
(tableau 3). Les rendements en grain
variaient entre 0,2 et 2,4 t ha,l pour les
IVH etentre 02 et 1,7 tha,l pourles OPV.
Au cours des six annees d' essais, sauf en

Tableau 3. Comparaison des valeurs moyeones pour nenf caracteres agronomiques pour des
hybrides de petit mill inbred x variete et pour les varil~tes it recondation libre, ICRISAT,
Sadore et station de JIINRAN, BeRgOO, Niger, IER, Cinzana, Mali, saisODS des plnies
1988-1994.

Caractere Valeur mo~ennel pour
I

Observation(s)

I I

IVH I OPV
I

Temps pour fleurir (d)
)

59B 61 A
I~VH plus precoce de deux

Hauteur des plantes (crnl 214B ! 2B A

I lOurS.

Variant de 150 it 270 em
I Ipour les }VH et de 265 a

I

1250 em pour les QPV

Longueur lk l'epi (em) 41 8 45A IVariant de 25 a65 em pour
Iles IVH etde 20 a60cm

I [pour les OPV.

Nbre de talles par plante 4A
I 3

8 33 % de talles en plus pOUT

I
les IVH.

Nbre d'epis par parcelle 60A
I

48B 25 % d\~:pis en plus pour les

I
IVH

Battage (%) 65A
I

66..... IPas de difference.

Nbre d'epis avortes par 21 A
I

]]8 IPlus d'epis avortes chez les
parcelle (%) _

I IIVH.
Mildiou(%) 7"

I
9A 178 '}o des IVH presentaient

Rendement en grain (t ha- l) I 1,JOA +
1,17B

I <10% de mildiou.

I I Pour les IVH gain en

I . rendement individuel
I atteignant 202 % par rap-

I I port it ropy
I [correspondante (::=100%)

I. Le6 moyennes ~uiviespar 13 meme lettre dans chaque tang fie sont pas significativernent dirTerentes au seuil 0,05 de probabilite.
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1993, les NH ont surpasse les OPV en
rendement. L 'augmentation du
rendement pour les NH etait de 18 % en
1988,23% en 1989, 13% en 1990,20 %
en 1992, -5% en 1993 et 14% en 1994.
Plus de NH ont ete mis en essai en 1993
qu 'aucune autre annee. ce qui a pu
entrainer I'inclusion de materiel
mediocre arendement plus faible et ainsi
diminuer la moyenne totale. Selon les
annees, les IVH individuels ont presente
une augmentation du rendement com
prise entre 22 % et 102 % par rapport a
leur variete parentale respective. Ces aug
mentations du rendement sont

2.0 1
•

supeneures a celles mentionnees par
Bono et Leclerq (1963) au Sc:negaI. lis
indiquent que les hybrides inbred
variete population locale produisaient
47 % de plus que leurs parents landis que
les hybrides issus de croisements sur
lignees male-steriles presentaient des
rendements superieurs par 59 %. Les
rendements en grain des IVH
correspondaient aussi aune augmentation
de 20 - 25% par rapport aux varietes de
remoins. Les meilleures OPV qui ont
donne les meilleurs IVH comprennenl
IBMV 8001. DGPI. ICMV IS 86330 et
ICMV IS 90311. Une correlation positive

t
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d....rid.. miles correspoad.al..oa"'"011"_ poadu.lo..- des ....ios..1re
1983-1994, ICRISAT, :>iiger.
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significative a ete observee entre Ie
rendement moyen en grain des OPV et
celui de leurs IVH (Figure I, r = 0,75"').
C'est pourquoi les OPV ayant les
rendements les plus eleves ont tendance a
produire des IVH avec les plus hauts
rendements en grain quoique l'augmen
tation du rendement due a l'heterosis
puisse etre plus faible. Dans plusieurs des
essais une forte correlation negative a ete
observee d'une part entre Ie nombre de
jours pour parvenir a50 % de la floraison
et Ie rendement en grain hybride et d'aulre
part entre Ie nombre de jours pour
parvenir a 50 % de la floraison et Ie
nombre d'epis sans grain en particulier
dans Ie cas d'hybrides precoces derives
d'OPV tardives. Les epis sans grain sont
Ie resultat de depredations par Ie scarabee
et Dysdercus volkeri. II est clair qu'en
selectionnant des hybrides semi-tardifs a
tardifs (environ 100 jours) ces pertes dues
aux insectes peuvent etre largement
evitees. Sur la base de celte information,
on a enlrepris la mise en essais d'hybrides
developpes a partir de varietes popula
tions locales en choisissant les mieux
adaptees aux stress de I'environnement de
destination.

Proportion de semence IVH produite
en isolement

La proportion respective de plantes
hybrides et de plantes inbred dans Ies lots
de semence issus de parcelles de multipli
cation d' IVH en isolement a ete comparee
acelle observee dans les lots de semence
provenant de parcelles de multiplication
par croisements manuels deliberes afin
d'evaluer la faisabilite de la multiplica
tion agrande echelle de semence d'IVH.
Deux IVH dont Ie parent femelle inbred et
I'hybride ont des caracteres neltement
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differents et peuvent etre facilement
identifies ont ete employes pour cette
comparaison. Seulement les semences de
l'inbred fertile (utilisee comme femelle)
ont ete recoltees. Pour Ie premier hybride
(458 x GB 8735), la frequence des plantes
hybrides etait de 92 % (8 % de plantes in
bred) dans le lot de semence multipliee en
isolement et 78 % dans Ie lot issu de
croisements deliberes. Pour Ie second
hybride (410 x GRP I), Ie lot de semence
multiplie en isolement comportait 78 %
de plantes hybrides tandis que celui
derive des croisements deliberes comptait
82 % de plantes hybrides. Par consequent,
les croisements deliberes n'ont pas ete
effectues au moment de la receptivite
optimale des stigmates ou de la viabilite
optimale du pollen puisqu'ils n'ont pas
produit 100 % de semence hybride. Les
rendements en semence de ces deux types
de multiplication n'etaient pas
significativement different pour l'un
comme pour l'autre hybride. Ces resultats
sont encourageants ; ils prouvent que la
presence de pres de 20 % de grain inbred a
peu d'effet sur Ie rendement en grain,
probablement parce que les plantes de la
lignee inbred sont plus petites et ne
peuvent pas vraiment concurrencer les
pi antes hybrides plus hautes et
vigoureuses. lis corroborent les travaux
anterieurs de Andrews et al. (1993) qui
indiquaient aussi que 20 % d'autofecon
dation avait peu d'effet sur la perfor
mance de I'hybride. De plus, ils
etablissent I' exploitation de la protogynie
du petit mil comme un moyen de produire
des hybrides. La multiplication des IVH a
grande echelle est possible (la variete
pollinisatrice fleurissant au moins 5 - 7
jours avant Ie parent inbred), ce qui offre
un plus grand choix de parents et permet
un developpement plus rapide des



hybrides que les systCmes utilisant la
eMS. Huit IVH de ce type sont
actuellement en essais avances. lis
conviennent particulierement bien aUll
programmes de selection d' Afrique
Occidentale oil les proprietes des varietes
populations locales et des varieu:s
ameliorees peuvent eire facilement et
directement integrees en les utilisant
comme parent pnIlinisateur dans des
hybrides adaptes.

Pet10rmuce des hybrldcs Iv. ell co.
dllIons de stress bydriq_e

En 1995, 50 bybrides et OPV ont etc:
testes suivant un dispositif factoriel a
deux repetitions componant trois niveaux
d'hwnidite (200, 300, 600 mm d'appon
en eau d'irrigation). deux densites
(10,000 et 62,000 plantes ha· l

) et deux
niveaux d'engrais (500 kg FYM ha· 1

011

lOt de FYM) plus 200 kg de superphos
phate simple ba'. La taille des parcelles
etait de 16 m'. Seulementles rCsuItats lies
ala perfonnance des lVH (10), leur.; par
ents pollinisateurs respectifs (6) et les

Tab"'u4. R..de-.ts .. gnIu moyoa." bybrldes topcroa depodt..o,..parab aAIosof"
telDola, sar 12 ~Dvlroll.emt.ts d9 nsai. ~pi.i~re de Ii-Iectio. iI Ia sk.~f'ftSe'..
ICRISAT-Nlger, Sado.... Eti 1995.

•
(~

.,~

1.l18 -lO4
0.88 -J!1
0.93 .389
1.09 209
1.l16 .\0'1
1.16 323
0.90 092
1.19 372
0.92 "'91
I.OS .'81'
1,.1 :II

1.12 ·316
1.01 ·164
I.OS ·158
0.91 4>0
I.J:! -256
1.08 20"

1.12 41

0.68 .313
0."6 -2<t6

1,71 45

Gam <"0) por rap
port ...

rendcmeo. du
parmt mile

1062 lOS
975 94
951 III
IIJ6 liS
1116 119
11M 116
1168 116
1255 125
1111 .09
1069 104

II"
996 100
9117 100

10M 100
859 .00

1021 100
'041 100-
S36
863

'"
1022

35
202

Hybrid<l
10 1347-52 X C1VT
20 1591 XPVSSZ926
9 1317·28 X P3KOllO
6 1411·'8 X SOSAT-C88
7 1317~28XSOSAT-C&8

II IJ17·28 XGB 8735
12 1353 X GB 8735
13 1419 X GB 8735
16 1529--38 X PV SSZ 9""~

17 I583·86 X PV SSZ 9")<1;

...............
2 SOSAT-e88
3 clvr
5 GB 8735
8 P3KOllO
'4 PV SSZ 925
19 PV SSZ 926

rooycone totale
cv(.';')

PPDS (O.OS)

Temoln
I
4
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deux temoins (HKP et Sadore local) sont
donnes ici.

Le tableau 4 resume les rendements en
grain totaux des IVHs, de leurs parents
pollinisateurs respectifs et des temoins.
Le rendement en grain moyen sur les
douze environnements etait de 1,10 thai
pour les IVH, 0,98 t ha- l pour les parents
poJlinisateurs et 0,70 t ha-! pour les deux

temoins. Que! que soit !'environnement,
les IVH ont produitjusqu'it28 % de grain
en plus que Ie eontr6le HKP et de -6 % it
25 % en plus que leurs parents
pollinisateurs. L'analyse de la stabilite
montre (tableau 4 et Figure 2) que les IVH
donnent des rendements stables et plus
eleves dans tous les environnements
testes (b = I, I0) et repondaient aux
environnemenls favorables d'une

4000 -,--------------------------,

- - - - Variete - temoine b=O.78 R=O.96
Hybridcs b=l.lO R=O.QR

-- Parents b= Ll2 R=O.99I
3000 J

i

o

•~
~•8
• ,
.; ,
"

,..
2000

,
~

~. ,
.c ,
'"e ,

=
,

• ,
E ,
•'C ,
• ,
•
" 1000

-1000 o 1000 2000

Indice environnemental

Figure 2 Regression entre Ie rendement en grain moyen et "Iodice environnemental pour les
hybrides de petit miJ inbred x varifte, les varietes males correspondantes et les temoins
en pepinieres de selection de resistance it la secheresse. ICRlSAT, Sadore, Siger, Ete,
t995.
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maniere similaire aux varietes utilisees
corome pollinisateurs qui se componaient
aussi de fa~on stable.

H~'brides Top Cross

Jusqu'a present en exeluant les
hybrides trop precoces par rapport a
rOpy parentale male, les risultats ont
monrre que les OPV avec les rendements
les plus eleves avaient tendance a
produire les IVH avec les rendements en
grain les plus eleves. Sur la base de celie
information, on a entrepris la mise en
essais d'hybrides developpes apartir de
vanetes populations locales adaptecs aux
stress de I'environnement de destination.

Les varietes populations locales
developpees au cours des siedes de
selection environnementale naturelle et
humaine del iberee ont accumule des
niveaux eleves de resistance genetique ou
de tolerance aussi bien aux stress phy
siques prevalants (c'esl-l\-dire.
secheresse. teneur faible en nutriments,
pH des sols defavorables et temperatures
elevees des couches superficielles du sol a
la gennination) qu'aux nombreux stress
biologiques (c'est-l\-dire ennemis des
cultures. maladies et mauvaises herbesI.
Le temps necessaire pour pan'enir a Is
maturite rapporte a la duree totale de Is
saison agricole dans Ie lieu considere est
souvenl un facteur critique permettant de
maximiser les autres caracteres
d'adaptation. Ces caracteristiques
developpees localement confi:rent une
bonne stabilite ala production, Toutefois
les vanetes locales sont specialisees et
adaptees specifiquement a leur region
eco-geograpbique particuliere. L'utili
sation des vanetes locales corome parents
des hybrides garantit une bonne adapta-
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tion et les bybrides lop cross TCH (011
IVH) resultants exploiteront la repoose de
ces \'arietes locales aux conditions
environnementales ameliorees. les
vanetes populations locales De presenlenl
pas en elles-memes assez de di,'ersile
genetique pour Ie rendement ella
resistance au.x maladies pour permettre
une selection de varietes a rendernents
eleves a partir de leur seul pool genetique.
Quoique plusieurs varietes aienl ete
derivees des \'aneles populati()ns locales
et recommandees pour la produclion.
elles ne donnent pas des rendernents en
grain significativement plus ele\'es que la
population originale. Mais e1les
possedent des caraclere, que les
agriculteurs prHerenl il savoir une
precocite moderee et des shibriIS (plantes
au type sauvage) moins frequeDls. Grace
a la disponibilite recente en Iignees
male-steriles iI esr maintenant possible de
combiner a la vigueur hybride
r adaptalion des vanetes populations lo
cales au deficit hydrique constant et a la
faible fenilire des sols el d'ameliorerainsi
les rendements potentiels. les hybrides
TCH (or IVH) semblenl offrir Ie moyen Ie
plus rapideetle plus efficace d' incorporer
les tolerances aox stress simuhanemem
aux augmentations de rendemeOls
potentiels et a une meilleure exploitation
des ressources limitees ou d'une
meilleure gestion (Bidingeret al.. 1994),

Nous avons e"alue 20 TCH obtenus
descroisements 3\'ec quatre m:ile-stCTiles
et cinq populations locales du ~iger. En
plus. nous a\oos failles croisements a\"ec
ces quatre male-steriles et 8 \'arietes
ameliories. Ceux-<:i ainsi que leurs par
ent males (varietes populations).d'autres
TCH derives d'une vanele "~moin el ce



temoin ont ete mis en essai pendant deux Les TCH derives des varietes popula-
ans surquatre sites differents (tableau 5). tions locales Bazagome, Guerguera, Dan

Tablea.5. Valeurs moyennes pour quatre caracteres de 20 hybrides top cross, leurs parents miles
et Ie temoln sur quatre environnements dlessai, ICRISAT-Niger, saisons des plules, 1996
et 1'197.

Jrs poUT 50% Mildiou Tallage Rend' grain
eM. Description tlQrajsoll f% sqr) f#) ft hao1 )

Hybrlda de nrtttes locales
1 680 x Bazagome 62 3 5 1,03, 698 x Bazagome 66 2 3 1,12

9 712 x Bazagorne 66 2 3 1.l6

I 726 x BazaV9me 60 4 4 121

II 680 x Guergucra 62 2 4 1.03

12 698 x Gllerguera 67 2 3 1,08
13 742 x Guerguera 67 2 2 1,01
14 726 x Guerguera 59 3 ---"- 124

15 680 x Moro 5S I 5 \,05

16 698 x Moro 62 I 4 1,33
17 712 x MOTo 63 D 3 1,21
18 726 x Moro <7 3 6 J 35

19 6&0 x Dan Tehama 59 I 6 1,31

2D 698 x Dan Tehama 63 2 3 1,14

21 712 " Dan Tcbama 65 I 3 1,]2

22 D6 x Dan Tcbama 5S 3 5 1 35

23 680 x Boudouma 56 I 5 0,73

24 698 )( Boudouma 5' 3 4 1,19

25 712 x Boudouma 60 2 4 1,[5
26 726 x BoudouJna 5< 3 7 IDS

Varl6tes localel
I Bazagome 72 5 2 0,55

2 Guerguera 73 5 2 0,51

3 Mom 63 I 3 0,79

4 Dan Tehama 6' 2 3 0,82

5 BQJ!dollrna ...- 58 3 4 068

HytJrldes du temoin
27 680" CIVT 59 I 4 0,55

28 698 x eIVT 63 3 3 0,45

2. 712 xCIVT "' 1 3 0,50

30 726"CIVT 58 2 5 0.30

Temoins
6 CIVT 60 2 3 1,02

Moyenne totale 62 2 4 1,10

CV(%) 4 SO 25 26
PPDS ro05) 2 I I _ 020

Type d'bybrlde
Hybrides de varietis locales 61b l 2b 4, 1,I6a.
Hyhrides de varietes ameHoree 6!b 2b 4, 133b

P_rentl mAles
Varietes 67a 3, 3b D,67c
Varjetes locales 60b 2b 3b 102d

Mlle-stklles
680A 5.b 20b 5, 1,Q5b

69gA 63. 2b 3b 1,2Oa
712A 64. I, 3b 1,23a.

126A SSe 3a 5a. 126a

ILes rnoyeIUles suivies d'une lettre differente sont significativement differentes au seuil 0,05 de probabilite
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Tehama, f1eurissaient 7 a 8 jours plus tot
que ces varietes populations landis que les
TCH issus de la varietc population locale
Moro fleurissaient seulement trois jours
avant celie variete. Les ICH issus du
temoin presentaient Ie meme temps pour
parvenir a la floraison que ce temoin (61
jours). En ce qui concerne Ie mildiou, des
20 TCH derives des varietes populations
locales, 13 avaient un taux d'incidence du
mildiou plus faible que celui des parents.
trois presentaient un taux d'incidence
superieur a celui de la variete parentale et
quatre avaient des taux d' incidence egaux
a celui des parents. Globalement, les
male-steriles 712 A et 680 A ont produit
des TCH qui presentaient moins de
mildiou. Les TCH issus du mile sterile
726 A etaient les plus sensibles au
mildiou. En moyeone les TCH ont produit
50 % de talles en plus par rapport aux
parents. la plus grande augmentation
du nombre de talles etant observe. chez
les hybrides TCH derives de Bazagome
(87 %) etla plus faible augmentation clant
observe.: chez les hybr- ides TCH derives
de Boudouma (25 %). II faut neanmoins
remarquer que Boudouma est elle-meme
une variete locale presentant un grand
nombre de talles.

Le rendement moyen en grain etait de
0.67 t ha" pour les varietes populations
locales et de 1,16 t ha" pour les hybrides
derives de ces populations locales. soit
une augmentation moyenoe de 73 % par
rapport au parent male. L'augmentation
par rapport aux varictes populations lo
cales ayant seni de parent mile variait de
53 %(TCHde Boudouma)Ii 113 % (TCH
avec Guerguera). Le rendement moyen en
graindu temoineCIVT etaitde 1,02 t ha",
celui de ses bybrides TeH variait de \,\5t
ha" Ii 1.35 t ba", soitunemoyeonede 1.32
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t ba" et une augmentation moyenne du
rendement de 30 %. Le TeH avec Ie
rendement Ie plus eleve (726 A ~ Dan
Tehama) a produit 35 % de grain de plus
que Ie temoin CIVT (tableau 5),
L'analyse de la stabilite a montre (Figure
3) que les TCH derives de varietes popu
lations locales donnaient de meilleurs
rendements dans chacun des quatre
enviroonements testes et etaient plus sta
bles que les varietes populations
elles-memes.

MUltiplication de Ia semenee
d'bybrides top cross

Com me mentionne aupara,'ant,
I'ev.luationdes TCH a pone surunjeu de
TCH issus du croisement de m31e-steriles
pardes varietes a feeondation Iibre. Panni
ces hybrides, quatre, Ii savoir ICMH 980 I
(680A ~ DantTchama), ICMH 9802 (712
A ~ C1VT).ICMH 9803 (698 A ~ ICMV
IS 89305) et ICMH 9804 (712 A ~ ICMV
IS 90309) ont ete retenus pour I. multipli
cation de semence en isolement. A DOlJe

connaissance, c'est la premiere fois que la
multiplication d'hybrides ('\IS de petil
mil elait enlreprise en Afrique
Occidentale, Trois parcelles de multipli
cation de semence hybride de 492 m' (soit
environ 0,05 ha) ont ere plantees sui'-.nt
20 billons de 40 m espaces de 0.75 m a"ec
un Ccartement entre poquetsde 0,80 m (4 J
poquets) Ie long de chaque billon. En
faisant exception des trois premiers et des
trois demiers rangs plantes en parent
male, deux rangs de parent femelle
male-sterile alternaient avec deux rangs
de parent male. Pour garantir une produc
tion suffisanle de pollen, les quatre pre
miers et les cinq derniers poquets de
chaque rang claient aussi plantes en par
ent male.



Varietes - bybrides

Variete population locale b=l.3 R2=95

Hybrides de vanetes population locale b=-1.O R2=99

--+-- Variete . temain b=O.5 R2=45

0.00 +--.,----r--~---r-----r----..---t

0.40

1.60
5
i';
E
.5
~

• 1.20"'"C
E
~
"~•"'" 0.80

·0.40 -0.20 0.00 020 0.40

lndice environnemental

Figure 3 Regression entre Ie rendement en grain des hybrides top cross de petit mil, des parents
males correspondants et de la variHc h~moin et I'indice environnementaJ. ICRISAT,
Sadore, Niger, 1996-97.

Le tableau 6 recapitule les donnees
obtenues sur deux des parcelJes de multi
plication. Dans les trois parcelles de mul
tiplication des hybrides, la synchronisa
tion de la floraison du parent femelle
male-sterile et des parents males etait
optimale, les parents males fleurissant
7-10 jours avant la lignee male-sterile.

Dans tous les cas, les parents males ont
fleuri en 50-55 jours. Les talles etaient
asynchrones (Ie nombre moyen de talles
par plante etait de 3,7 pour la lignee
femelle et respectivement 3,8 et 5,5 pour
les parents males ICMV IS 90309 et
CIVTl aussi bien chez Ie parent miile que
la lignee femelle, avec un delai de 10 - 20
jours entre I'apparition des stigmates sur
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Ie lalle principal etleur apparition sur les
taUes sccondaires. Le nombre de laUes
par plante (Figure 4) a assure une produc~

tion suffisante de pollen pour tous les (-pis
femelles. La frequence des plantes fertiles
dans les rangs de la lignee femelle etait
elevee (5 %) ; ces plantes feniles ont ete
eliminees tout de suite apres ranthese. 11
n' a pas ete possible de determiner pour Ie
moment si ces plantes fertiles etaient Ie
resultal d'un melange meeanique (un
echantillon de ce meme lot de semences
sera mis en culture alin de confirmer cene
trequence) ou de reffet des temperatures
elevees. En avril. les temperatures
ambiantes ma.'timales etaient tres elevees
avec une temperature maximale moyenne
de 42.7 dc. A titre de comparaison. la
temperature maximale moyenne
enregistree a Sadore au cours des 15

demieres annees (1983-1997) ela;1 de
41,4 "C. Les lemperatures maximales onl
enn:gistre 43°C pendant 24 jours en anil
1998 alors que la moyenne pour a\TiI est
de 5 jours a 43 ·C pour les 15 demieres
annees. Ces tres haUles temperatures ont
pu contribuerau retourala fertilile mile.

A panir des rendemeDls en grain
obtenus pour ces parcelles en isolation.
les rendements des hybrides el des parents
miles om ete estimes pour plusieurs pro
portions de rangs femelles a males (lab
leau 7). Une proponion de rangs femelles
a males de 1:2 avait ete choisie pour
garantir la reussite de la production de
semence. Avec ce dispositi f. un
rendemenl en semence hybride de 0.31 I

ha"' et un rendement de Lit ha"' pour Ie
parent male. soil un rendemem loral de
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Figure 4 Nombre de talles par plante du parent mile sterile 712 A et du parent mile Cn-T dans
une pa.-ceUe de production de semence hybride. ICRISAT, Sadofe Niger. Eti 1998.

Tableau 7. Estimations des rendements en grain d'hlbrides de petit mil et des parents miles en
parcelles de production de semence Tell. .

Proportion BiUons Planteslha Rendement en I Rendement' % de rendement
Semence estimt..U h!!"1 ) I total eo me ce

Male Femelle I Male Femelle I Male Femelle I Hybride Male I
(t ha· 1 Hybride Male

2 1 " 44 1J 100 4400 I 0.31 1.10 lAO 22 78

2 2 66 M 9900 6600 I OA7 0.90 1.36 34 66

2 4 44 8S 7700 8800 0.62 0.70 1.32 47 53

2 8 26 106 5900 10600 i 0.75 0.54 1.28 58 42
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1,40 t ba" 0IIl et6 obtellus. Dans Ie cas
d'uoe proportion de rangs femelles Ii
males de 4:2 (qui apparait optimum) Ie
rendemeot eo semence hybride est estime
Ii 620 kf ha" et celui du parent mille a700
kg ba .. Des calculs grossiers indiquent
qu 'un hectare de production de semence
bybride peut rapporter de 650 a 850 dol
lars (avec par hypothese. 200 cfa pour un
kg de grain, 800 cfa pour un kg de
semence hybride et 400 cfa pour la
semence de la variete parentale a
fecondation libre). II faut remarquer que
la production de TCH permet de faire
deux recoltes de semence - celie de
I'hybride et celle de la variete parentale
male - a partir d'un meme champ. Les
producteurs de semence peuvent vendre
la semence du parent mille qui en general
sera de meilleure qualite. eeci garantit
une valeur ajoutee au produit des rangs
males.

Criteres pour les lig1Iees p8reulales

Les crireres pour Ie developpement de
lignees parentales adaptCes a Ia produc
tion de semence hybride et d'h) brides de
valeur, decrits cj-apres sont issus de
I'experience acquise jusqu'a present (An
drews et al. 1997). Des etudes de
phenologie des parents elitaires femelles
et m31es ont ete entreprises afin d'oblenir
des informations complementaires.

P41YIftsf_elJes. Les parents femelles
doivent posseder un baut niveau de
resistance au mi Idiou, presenter une
steril;te mille parfaite et stable, avoir un
rendement eleve et presenter un nombre
de lalles modere aeleve. 1\ est important
qu'ils presentent aussi une bonne inser
tion en saillie (exsertion) de l'epi, une
bonne nouaison, des grains de bonne
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mille et des plantules vigoweuses en plus
des caracteristiques fOiternent correlees a
la performance de I'hybride telles que la
taille des plantes, la maturite et les
resistances aox maladieset aux ennemis.

P"TeIfIS Ifflil~s. En plus d'une
excellente aptitude ala combinaison a,·tt
Ie parent feme lie. les parents males
doivent complt~tement restaurer la
fertilite male et doiventliberer do pollen
en abondance et tot. Un tallage eleve. afin
d'etaler la liberation du pollen, est
preferable. Les parents miles doivent
avoir une bonne syncbronisation,
suffisamment precoce pour que Ie pollen
soitlibere avant que les stigmates du par
ent feme lie deviennent receptifs et
suffisaroment prolongee pour que la
liberation du pollen continue pendant
toute la duree de la tloraison du parent
femelle afin d'assurer une bonne produc
tion de semence dans les parcellesde mul
tiplication.

Criteres de quallti du grain

Les criter-es de qualite du grain sont
detennines par les utilisateurs fmaox. Le
petit mil est cultive en Afrique
Occidentale II des fins alimentaires
essentiellement et seulement occasion
nelJernent Ii des fins de brasserie. Ces
criter-es de qualite du grain ne sont pas
bien definis pour Ie perit mil (Andrews et
Kumar, 1992). En general Ie grain rond
gris Ii blanc jauniltre est bien accepte
quoique dans certaines zones de I'Afrique
centrale et Occidentale des grains
legerement bruns ou blanc cremem, sont
en general preferes. AetuelJernent ni Ie
marche des denrecs alirnentaires ni Ie
marchedes alimenlS pourbetail n'incitent
II demander une meilleure quali,e



nutritionnelle. C'est pourquoi, il y a pour
Ie moment peu de raisons de preter atten
tion a la selection pour la qua lite
nutritionnelle dans les programmes
d'amelioration des hybrides de petit mil.

Perspectives d'avenir

Besoins en TenetIVH. Aussi bien Ies
IVH que les TCH sont realisables pour Ie
petit mil et presentent des avantages reels
pour leur utilisation en Afrique en termes
de durabilite de la resistance aux maladies
et de l'adaptation, deux caracteristiques
qui sont difficiles a oblenir chez les SCH.
Grace aux IVH, la sensibilite a l'ergot a
ele reduite puisque la CMS n' est pas in
cluse. Pour les TCH issus des varietes
populations locales, il faut suffisamment
de semenee seleetionnee puur assurer Ia
repetition de la performance de I'hybride.
Les hybrides doivent etre selectionnes de
fa90n a etre hien adaptes aux durees
actuelles des saisons de croissance aussi
bien pour maximiser Ia disponibilite des
ressources environnementales neces
saires a la croissance que pour minimiser
les infestations ct l'incidence des mala
dics et des ennemis. Les hybrides doivent
avoir des densites de plantation similaires
a cel1es des varieres populations locales.
Le cout de la semence ne devrait pas etre
trop eleve. Contrairement au sorgho qui
est cultive dans des zones il pluviometrie
plus slire, Ie petit mil a besoin souvent
d'etre replante (jusqu'a 3 - 4 fois). II
faudra etudier la production de semence
dans des zones selectionnees pendant la
saison des pluies afin de rMuire les couts
de la production estivale (c'est-a-dire, ir
rigation, degats d'oiseaux, etc.). Les
autres facteurs necessitant une attention
sont : I) production de semence hybride
dans des environnements ou la n\ussite de
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la culture est relativement sure, 2)
developpement de parents femelles
productifs, et 3) evaluations des hybrides
non seulement pour leur rendement en
grain mais aussi leur rendement en vert. 11
faut aussi evaluer Ies distances optimales
necessaires pour les isolements et les
effets de la presence de plantes
productrices de pollen au sein des parents
femel1es dans les parcelles de production
d'hybrides.

Lefons tirees de l'experience
indienne. Aux Indes, I' adoption des
hybrides de petit mil (estimes couvrir
maintenant 45 % des 10,5 millions
d'hectares cuItives) a entralne une aug
mentation spectaculaire de la production
et de la productivitt\. Elle a encourage Ie
developpement d'un large secteur prive
(estime couvrir jusqu'a 55 % de Ia
semence totale produite) et la mise a dis
position de semence de qualite aupnis des
agriculteurs. L' aspect negatif de cette
adoption est lie a la sensibilite des
hybrides simples au mildiou encore
accentuee par la culture repetee sur de lar
ges superficies du meme hybride simple
genetiquement uniforme. I1 apparalt
maintenant clairement que Ie risque
represente par 1a sensibilite au mildiou
peut etre fortement reduit grace a la
selection d'une resistance durable et
I'adoption de strategies de selection
appropriees telles que Ie developpement
de IVH et TCH qui exploitent Ies
caracteristiques de stabilite et durabilite
des varietes parentales males adaptees
genetiquement variees.

Essai regional des hybrides de petit
mil. Encourages par les resultats obtenus
jusqu'a present (avec IVH, TCH, et parla
disponibilite des lignees male-steriles



adaptees) les participants au projet P 7
(developpement de variete el multiplica
tion de semence avec participation des
agriculteurs) du Reseau Ouest et Centre
Africain de Recherche sur Ie Mil en
Afrique Occidentale et Centrale
(ROCAFREMI) ont decide de mettre un
place pendant la saison des pluies de 1998
un essai regional des hybrides de petit mil
sous collaboration ICRISA T
ROCAFREMI. L'ICRISAT et Ie
ROCAFREMI ont entrepris un tel essai
avec dix TCH (neuf TCH avec des
varietes a fecondation libre ameliorees et
un avec une variete population locale), les
huit parents males correspondants et deux
temoins arepeter sur ooze sites dans sept
pays. Quelques-uns de ces TCH ont aussi
ele relenus pour des demonstrations en
exploitation agricole au Niger en collabo
ration avec I'INRAN. On espere oblenir il
la fin de cette annee une information
concernant Ie niveau d 'adaptation
generale et Ie rendement en grain
potentiel de ces hybrides top cross. De
toute evidence de bODS resultats
declencheront toute une gamme
d'activites de developpement y compris
des cours de formation ala production de
semence hybride.

Conclusion

Le rendement potentiel est imponant a
tous les ni"eau" de production mais
peut-etre encore plus en conditions
dHavorables oil les ressources Iimitees
doivent etre utilisees plus efficacement.
L'amelioration du rendement du petit mil
en est encore a un stade relativement peu
avance en Afrique Occidentale. Des gains
de rendement de I'ordre de 20 - 25 % du
fait du passage des varietes aux hybrides
n 'ont pas encore ete realises au niveau des
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agriculteurs, ce qui prendra probablement
au moins 4 - 7 ans. Les hybrides ont un
rendement potentiel plus eleve meme
sous conditions de producti,ite ltIOderee
et ils utilisent les ressources plus
efficacement. Des essais d'hybrides
adaptes ont monrre que cette augmenta
tion du rendement est ala disposition des
agriculleu", d'Afrique Occidentale.

II est imponant de reconnaitre que la
composante hybride ou variete est
seulement un des facteurs de I'ensemble
complet des mesures agronomiques,
institutionnelles et sociales necessaires au
maintien d'une meilleure production.
Dans toutes les regions de culture du petit
mil au Sahel. il est essentiel de completer
I'amelioration genetique par une
amelioration generale de I'alimentation
de la plante. De telles ameliorations de la
fenilite des sols sont vitales pour
conserver et ameliorer la base des
ressources de la production agricole a
I'avenir. Les problemes d'infrastructure
relatifs ala production de semence, ccm
de garantie des marches de grain
alimentaire et de diversification des
utilisations finales comptent au nombre
des nombreu" points neccssitant une al
tention afin de pouvoirassurer une utilisa
tion profitable des hybrides ou meme des
OPV par les petits exploitants.
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Nouveaux systemes de sterUite mile
cytoplasmique pour les hybrides de mil

D. J. Andrews, K. N. Rai et J. F. Rajewski

Les syslemes de slerilile male
cytoplasmique-nucleaire (CMS) sonl en
general considerescomme « utiles» parce
qu'ils diminuenlla « vulnembilite ». Mais
ils sonl Ii nOire avis beaucoup plus
inleressants pour d'autres raisons. Nos
recherches ces dernieres annees Ii
I'INTSORMIL el j'lCRISAT onl
commence aetudier ces systemes et bien
qu'elles portenl sur les systemes CMS du
mil, il faut s'atlendre ace que des situa
tions similaires se renconlrent chez
d'aulres plantes de grande culture dont la
produclion commerciale de semence
hybride repose sur un systeme eMS.

Les systemes CMS peuvent presenter
un certain nombre de differences et ces
differences peuvent profondement af
fecter la reussite de la selection, la pro
duction de la semence ella performance
de !'hybride. Pour qu'un caractere soil Ie
plus facile Ii uliliser en selection, il faut
qu'il soit clairement identifiable, Ii
beremte simple et con!rOle par des genes
majeurs, et que son expression ne soit pas
affectee par les autres genes ou
I'environnemenl. Le systeme eMS A I

chez Ie mil et Ie sySleme A. (lcafir-milo)
chez Ie solgbo satisfont aces conditions
rninimales et comme ils constituent les
premiers syslemes disponibles
permettant de tirer parti Ii un niveau com
mercial des avantages enormes olTerts par
les hybrides, ils sont Ires largement
ulilises. Seulement recemrnent depuis
que d'autres systemes CMS onl ele
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decouverts et compares au systeme A" iI
est possible de caracteriser les defauts et
les limites du sysleme A, qui
n'apparaissaienl pas c1airemenl
precedemment.

La plupart des limites des syslemes A.
chez Ie sorgho au Ie mil pen\"ent etre
mises en evidence au ni\"eau de la F, d'uo
hybride quelconque. Le large groupe de
plantes parhellemenl sleriles (ou
faiblemenl stenles) oblenu est revelaleur
des difficultes aselectionner des parents
bons producleurs de graines el de pollen
avec ces systemes. Nons a\"oos compare
Ie sysleme A., (Hanna, 1989) a\"ec Ie
sysleme A, (Bunon, 1958) chez Ie mil.
Plus receromeO! nous avons etudie Ie
systeme A, (Rai, 1995). Les differences
importantes sonl recapitulees dans Ie tab
leau I. (UssyslemesA, et A, -(Bunon et
Athwal, 1967) n'onl jarnais assure une
slerilile mile suffisanle pour avoir nne
utiliu! commerciale). Les differences les
plus significatiVe> soni les suivantes:

• Les systemes A4 el As produisenl
rres pen de planles partiellemenl
steriles. Ceci facilite grandemenlla
selection en particulierau ni,""u de
la production de lignees A et de la
crealion de nouvelles lignees B.

• Frequence ele\"ee de lignees B dans
Ie germplasme. La production de
nouveaux parents femeJles qui est
Ja cle de I'amelioralion des
rendements hybrides etait nne des
principales Iimiles du SySleme



Tableau 1. Comparaison des caracUristiques des systcmes de stiorilitf male
cytoplasmique~nucleaireAh Aa ct A5 chez Ie mil.

Al A. A~

Acces au gennplasme tres limite large tn~li large

% de lignees B dans le ±IO ±85 99
germplasme
% de lignees B ±50 100 100
parfaites dans les
croisements B x B
% de lignees R dans Ie <IS ±1O% ±l%
germplasme
% de germplasme avec ±75 < <5
une sterilite mate
partielle
Effets G x E sur 1a presents faibles tres faibles

.
restauration

Apparence de la bonne bonne tft:S bonne
sterilite
Selection de lignee R Trcs difficile facile facile·
sur cytoplasme sterile

Reversions oui non non
cytoplasmiques ala
fertilite male

•resuhats initiaux

eMS At.Presque taus les
germplasmes cultives sont des
lignees B dans les systemes A4 et
As.
Quoique la frequence naturelle des
restaurateurs (R4 dans Ie systeme
A4, Rs dans Ie systeme As) dans Ie
germplasme cultive soit respec
tivement faible et tres faible, la con
version de toute lignee en un parent
male (producteur de pollen) R4 au
Rs consiste en une simple pro
cedure de retrocroisement domi
nant sur cytoplasme sterile. II est
possible d 'utiliser Ie cytoplasme
sterile pour selectionner les restau
rateurs R4 au Rs dans ces systemes
parce que - ill'inverse du systeme
Al- il y a peu d'interaction avec
les autres genes nucleaires au
cytoplasrniqnes, ce qui est il
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I' origine de I'expression variable
de la sterilite partielle.

• Lorsque Ie concept de n:setVoirs
d 'heterosis est considere, la
quantile de diversite disponible
pour Ies parents femelles
(producteurs de graines) dans les
systemes A4 et As est beaucoup
plus importante que dans At. La
diversite disponible pour Ies pa
rents males R4 ou Rs est
potentiellement illimitee puisque
toute lignee peut eIre rapidcment
convertie en R4 au Rs. De meme,
toute lignee Al ou R t (au hybride
At existant) peut etre convertie en
Iignee A4 ou As ou hybride.
L'expression de la sterilite et de la
fertiiite male dans Ie systeme AI
depend de I'environnement. Aux
temperatures elevees par exemple,
les parents femelles Al peuvent



perdre leur sterilite. Aux basses
temperatures, les bybrides A I
peuvenl presenter une diminution
significative de leur male fertilite
d'on une faible production de
graines et une baisse de rendemenl.

• Enfin, Ie cytoplasme sterile AI est
h~gerement instable et par mutation
redevienl faiblement fertile par rap
port au cytoplasme fertile (normal).
Ce phenomene n'a pas pour Ie mo
ment ete obser.'e dans A4 ou As.

L' effet cumule de ces differences peut
affecter profondementla selection. Avec
Ie systeme A, I'effort de selection
consiste principalement it developper des
nouvelles lignees male-steriles el de nou
veaux restaurateurs puis (dans les limites
de ee pool genetique) de rechercher les
cornbinaisons presentant une helerosis.
Avec les systemes A.. et A, r effort peut
consiSler it rechercher d'abord des
combinaisons presentant une heterosis et
it convertir ensuite les meilleulS geniteurs
en lignees A male-steriles ou en lignees R
male-fertiles (restauraleurs).

Les systemes CMS A, et As permenent
donc d'avoir acces it une plus grande
diversite genetique pour la selection
d'hybrides et offrent une methode sure er
rapide de production des parents males et
femelies des hybrides, ce qui arneliore
I'efficacite du systeme de selection. Le
sorgho peut presenter une situation
similaire : Ie systeme A, presente des
limile< sirnilaires el on sait que de
nombreux autre< systemes CMS existent
(Schertz, 1998) mais ils n'ont pas ete
etudies dans Ie detail.

Un point qui demande une etude plus
approfondie est de savoir si les differents
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cytoplasmes sonl it "origine des
differences de performance des b)-brides.
Alors que seulement A, et A, ant ete
compares, les resultats preliminaires
suggere I'existence d'inleractions entre Ie
cytoplasme el Ie noyau. Dans certains cas
pour une combinaison hvbride donnee
(me me noyau), I'hyb~,de nec Ie
cytoplasme A, etait meilleur tandis que
pour d'autre< Ie meilleur hvbride etait
obtenu sur Ie c}10plasme A,. il semblerait
que des interactions entre Ie noyau et Ie
cytoplasme contribuenl aussi it rbCt6'osis
puisque les hybrides eMS peu,ent
s'averer legerement superieurs aux
memes hybrides obtenus sans cytoplasme
male slerile (possible chez Ie mil el Ie
malsI. Des etudes sont en cours pour
confirmer ces resultats. Cne difference
constaDle concerne la periode de
protogynie qui esl plus courte dans A.. que
dans A,. alors que les sligmales
presentent une plus longue duree de "ie
dans A, cequi se traduit par une meilleure
production de graines en conditions de
stress.

Les producteursde semence lTOuveront
les hybrides A. el A, plus faciles it
produire. Dans les systemes de produc
lion de semence hybride .A.. et A" la
plupan des impuretes qui resuheni de
croisements avec des parents femelles en
multiplication seront male-steriles pan:e
que la plupart des sources de pollen
polluantes sont les mainteneurs. Si les
gennplasmes R. el R, devienncnl plus
communs. eet avanlage diminuera.

La non reversion des plantes de lil!1lees
A en piantes de lignees B. qui se p~il
dans Ie systeme eMS A,. signifie aussi
que les parents femelles seront plus purs
el par consequent les hybrides. De lelles



reversions sont difficiles adetecter parce
que (mis it part la production de pollen)
ces plantes sont identiques aux plantes
male-steriles. Ces deux demieres
caracteristiques reduisent significative
ment la necessite de d'epurer les
hors-types (impuretes) dans les champs
de production de semenee et par
consequent recluisent les couts de produc
tion et augmentent la purete des hybrides.

Les produeteurs de semence n'auront
plus it s'inqui6ter des conditions de
temperatures anormalement elevees ou
basses lors de la production d 'hybrides A<
au As_ De telles conditions peuvent soit
casscr la sterilite male soit diminuer la
production de pollen dans Ie systeme A l .

Les agriculteurs tireront plusieurs autres
benefices de I'utilisation des hybrides A<
ou As. En premier lieu, les hybrides seront
plus purs. En deuxieme lieu, Ie haut
niveau de fertilite male ne sera pas affecte
par les faibles temperatures. Entin, parce
que la selections des hybrides est plus
rapide avec A< ou As et porte sur un pool
genetique plus diverse, de meilleurs nou
veaux hybrides seront plus rapidement
offerts aux agriculteurs.

Resume

Les nouveanx systemes de sterilite
male cytoplasmique-nuc!eaire A< et As
dans Ie mil - par comparaison au
systeme original A, - offrent plusieurs
avantages pour les sclectionneurs, les
producteurs de semence et les
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agriculteurs. Ces avantages nisultent de
I'expression plus nette de la sterilite male
ou de la fertilite male, d'cffets
environnemcntaux moindres, d'une plus
grande diversite genetique disponible et
de la conversion rapide de toute lignee en
lignee R, ou Rs (restaurateur). Deplus, les
cytoplasmes steriles A< et As ne semblent
pas spontanement rcvenir a ['etat fertile
(nonnaI) comme Ie fait A l . Les systemes
CMS A, et A, permettent maintenant aux
selectionneurs de concehtrer leurs eflorts
d'abord et avant tout sur la selection des
meilleurs hybridcs (trouver les
combinaisons avec Ie plus d'heterosis) et
eusuite de convertir les parents en
utilisant Ies lignees steriles CMS et les
restaurateurs, d'oi! une grande augmenta
tion de l'efficacile de la selection des
hybrides.
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Creation d'une industrie des semences:
role du secteur prive

A. Bruce Maunder

Introduction

Les semences qui correspondent a
I'heure actuelle aun marche mondial de
55 milliards de dollars se sont
transformees suivant plusieurs phases
depuis 13.000 avant J.e. Cette evolution
Iqui est bien detaillee dans les pays
developpes donne une idee du role futur
Ide I'industrie privee dans Ie
Ideveloppement international de
'I' . Iagncu ture:

• Au eours de la phase I, les
agriculteurs conservent leur propre
semence ou I'obtiennent aupres de
voisins d'ou un faible taux de
developpernent varietal, celui-ci se
limitant ala selection effectuee par
les agriculteurs au sein des varietes
populations locales. L'adoption de
nouveaux types est faible.

• Au cours de la phase 2, les varietes
ameliorees par Ie secteur public
commencen!, quoique lentemen!, a
remplacer la semence traditionnelle
et I'appon d' intrants tels que les
engrais, quoique limite, augmente,
ouvnmt ainsi la pone aI'emergence
d'un secteur prive local assurant la
multiplication et la distribution des
varietes publiques.

• Avec la phase 3, Ie secteur prive
joue un role aetif dans la recherche
et Ie developpement en particulier
d 'hybrides et de semence pour les
cultures specialisees telles que les
tegumes. La production
comrnerciale de semence et la com-
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mercialisation sont choses
courantes. une legislation efficace

concernant les semences est en
place et I'emploi de semence
ameliorec est tres frequent.

Les systemes para-etatiques de
semence qui fournissent seulement 10 %
de la semence totale plantee annuellement
en Afrique se trou"ent en fin de phase 2
ou en debut de phase 3. Le sccteur public
peut se specialiser dans la recherche
fondamentale et la recherche appliquee
aux cultures vivrieres tandis que Ie
secteur prive se consacre de plus en plus a
la recherche. la production et la commer
cialisation de semences ameliorees pour
des cultures ayant un taux de multiplica
tion eleve et un taux relativement faible
d'ensemencement. Les ONG s'interes
sent. eUes, ala multiplication et la distri
bution des semences delaissecs par Ie
seeteur prive. Les hybrides creusent
intrinsequement l'ecan entre les pays en
voie de developpement et les pays
developpes sur Ie plan de revolution de
I'agriculture.

Le secteur prive est devenu run des
principaux aeteurs dans Ie domaine des
semences en Europe apres la deu-,ieme
guerre mondiale. Agroceres, une
entreprise nationale bresilienne a deroarre
en 1947: Ie secteur prive est devenu aerif
en Argentine et au Mexique dans les
annees 50 et les annees 60 ; et en
Thailande dans les annees 70 nec
Suwan-1. Souvent Ie secteur prive a



demarre avec des varietes ou des hybrides
publics et a Mpendu d'un approvision
nement constant en semence de haute
qualite afin de pouvoir constituer un
marche. De plus, les premiers hybrides, a
quatre voies, comme aux Etats-Unis,
etaient plus adaptes ala culture avec peu
d'intrants. Ces premiers hybrides ont ete
suivis par des hybrides a trois voies, puis
par les hybrides simples qui demandent
eux un apport adequat d'intrants pour
donner Ies rendemen!s maximums.
Morphologiquement ils etaient plus
courts, donnaient une meilleure densHe
de plantation et souvent repondaient it
I'augmentation de celie densit'; de planta
tion. Alors que la phase 3 apparait
essentielle pour qu'une revolution verte
comparable it celie qui a eu lieu pour Ie ble
et Ie riz ait lieu pour Ie mals, les organisa
tions publiques continueront et doivent
continuer a assurer un role important de
[ormation, de recherche fondamentale ct
de transfert de technologie. L'ameliora
tion des plantes cultivees pour des
marches particuliers y compris les cul
tures vivrieres, et Ie developpement de
germplasme pour des entreprises de
semence plus petites locales necessiteront
aussi une composante publique forte. La
transformation actuelle aux Etats-Unis de
I'amelioration publique en amelioration
privee indique un stade avance de phase 3

L'Amelioration des plantes privee aux
Etats-Unis -% selectionneurs et nombre
_____-'dL'''en'''t"r"epllJrui"s,es _
-'c..,u"'ltur"',,'"---__-"S"'eJ"'ectionneurs _--"JEn",t,,,epllIn,,,'se,,,_
Mais 94 9]
Soja 64 38
Sorgho 74 19
Toumesol 89 14
HI, 42 27
Caton 77 35

140

Les chitYres actuels suggerent un gain
annue] de 32 selectionneurs pour
I'industrie et une perte de 2,5 pour Ie
secteur public, I' amelioration privee
representant pres des 2/3 de rapport fi
nancier total. Par comparaison au stade
d'evolution de r industrie des semences
aux Etats-Unis, de nombreux pays en vole
de developpement ont de 50 it 75 ans de
retard.

Contributions du secteur prive

Un slogan couramment feconnu est
« d'abord la graine » pourtant nous avons
vu que Ie secteur prive a ete « Ie demier a
entrer ». Krull et. al. affirment que la
semence est Ie catalyseur Ie plus impor
tant permettant d'ameliorer signifi
cativement la productivite agricole.
Sanders et. aL au cours de leurs travaux au
Soudan ont decouvert suite a des
entretiens avec les agriculteurs que la
principale contrainte ralentissant
I'introduction du premier hybride de
sorgho, Hageen.Dura-I, etait I' incapacite
des foumisseurs d'intrants a produire des
quantites suffisantes de semence de haute
qualite et a assurer un approvisionnement
adcquat en engrais. Les donnees
statistiques actuelles mondiales nous
indiquent de favon alarmante que la
consommation de grain par personne a
diminue de 7 pour cent depuis 1984 ; la
superficie en grain recoltee par personne a
eHe chute de 48 % depuis 1950 ; les
superficies irriguecs ont diminue de 6 0/0
depuis 1978 ; et ce qui est peut etre Ie plus
alarmant, les rendements en grain annuels
ont augmente seulement de I,] % au
cours des annees 90 au lieu de 2,1 % de
1950 a 1990. Avec un peu plus d'un tiers
des superficies cultivees mondiales
ensemencees avec de la semence

eJr1



arnelioree, Ie transfert de technologie est
un besom hident de l'agriculture des
pays en voie de developpement. Afin
d'encourager la mise en place d'un
secteur prive, les gouvernements
devraient d'abord evalue I'etat de
I'agriculture par culture et par region
socio-economique en vue de determiner
quelles cultures ct quclles regions de leur
pays pourraient bene/icierd'une indusrne
privee des semences.

La reussite d'une industrie privee des
semences dependra de sa capacile Ii as
surer: (I) un approvisionnement fiable,
(2) une qualite et une purete satisfaisantes
et (3 ), on I' espere mais ceci n' est pas une
obligation. une meilleure performance.
Chacun de ces trois facteurs permettrall
aux agriculteurs de faire un profit tout en
assurant un prix plus eleve pour une
semcnce de bonne qualite. En resume, les
sentences commercialisees sont celles qui
comiennent Ie mieux Ii la production de
cultures rentables dans les regions avec
des conditions favorables Ii I'agriculture.
Les entreprises privees doiveot se
consacrer aux activites ou elles excellent
comple lenu des contrainles budgetaires.
Leurs infrastructures permetlent la
selection appliquee de lignees et
d'bybrides avec one incorporation pro
gressive de la biotechnologie. suivie
d'essais experimentaux approfondlS sur
de vastes regions ecologiques!
geographiques. Pour accomplir au mieux
ces activites, I'industrie privee se dOli :

• d'etre plus efficace et flexible
de micux comprendre les besoins
du marche

• d'interagir avec les nouvelles pra
tiques agronomiques
de suivre une approche holistique
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• de travailler sur de grands effectifs
pour la selection el les essais ,

• d'etre capable de prendre un eertalO
risque

• d'appliquerles regles econo~iq~es
du cout de la semence aux hgnees
potenrielles

• de privilegier les programmes de
selection acourt et moyen tenne

• de rOOuire la \ulnerabilite des cul
tures

Le gouvemement indien. par exemple,
a reconnu la capacile du secleur pri\'e Ii
plus efficacement selecrionner. produire
et commercialiser Ie materiel de selccuon
privee ou publique. Le seCleur pri\e
indien qui assure aujourd'hui 60 00 du
marche du gros grain affirme il
I'unanimite que les choses von I

desormais s'arneliorer sur Ie plan des
affaires. II faut noter que Ie laureat de
1998 du Prix Mondial Alimentaire. M,
B.R. Barwale el son entreprise pri\,ee.
Mahyco Seed Company. ont contribue Ii
la revolution \'erte en lode en etablissanl
les mecanismes de production et de distri
bution de semence de qualite pour les
principales cereales et productions
maraichercs toul en creanl des JlOSSlb,llIes
d'emplois pour les femmes appartenanl
aux couches sociales defavorisees sur Ie
plan economique el social.

Les entreprises multinallonales d'une
maniere generale se ficot au personnel 10
cal preCe-ranl mini miser Ie nombre
d'expatriesco postea I'etranger. Ceci n'a
pas pour bUI de minimiser I'interaction
enorme entre la maison mere et 10Ul autre
pays participant. A coup sUr Ie secteur
pri\'e constitue un centre 10gJque de for
marion Ii court terme de toule personne
desiranl creer une entreprise de semence.



Une autre possibilite est offerte par les
professionnels experimentes de la
semenee qui peuvent etre it la retraite mais
desireux de transmettre leur expertise
dans Ie cadre d'aetivites de conseil.l1 ne
faut pas sous-estimer la commerciali
sation et la distribution qui jouent un rOle
majeur et determinant de la reussite ou
l'echee de toute organisation productrice
de semence hybride qu'elle soit privee ou
publique. Enfin, I'absence ou
l'inefficacite de l'industrie des semences
peut poser un probleme majeur
contrecarrant la dissemination des nou
veaux cultivars (Pray et Ramaswami).

Considerations economlques pour Ie
sectcur prive

Avant d'investir dans une entreprise
semencierc privee, qu'elle soit nationale
ou internationale, il faut evidemment
d'abord s'assurer de la rentahilite
potentielle escomptee de cet
investissement. Cette assurance sera
toutefois affectee par une foule d'autres
criteres tels que la vigueur et la stabilite de
I'economie, I'absence de mesures
decourageantes qui mettent tout Ie monde
au meme niveau, Ie rapport du prix de la
semence Ii celui du grain, les droits de
propriete, la demande pour Ie produit, des
infrastructures, en particulier les
systemes de transport, adequates pour as
surer la livraison des biens et des services
et eertainement la stabilite politique.
Puisque les entreprises privees sont
rarement subventionnees ou re~oivent
rarement des primes, leur engagement
dans les semenees doit viser l'obtention
d'un rapport sur I' equite des actionnaires.
Elles doivent done choisir un
environnement ou la demande sera selon
toute vraisemblance forte. A l'inverse, les

142

organisations publiques de semence sont
souvent poussees par des considerations
non economiques telles qu 'un mandat
d'approvisionner tous les agriculteurs. De
plus I'integration verticale est frequente
dans Ie secteur prive mais rare dans Ie
secteur public.

Les nouvelles technologies qui sont
disponibles it taus les echelons dans les
pays developpes mais qui ne sont pas
parvenues au niveau des exploitations
dans les pays en voie de developpement
seront necessaires pour l'expression
totale du potentiel genetique. 11 existe
neanmoins de nombreuses preuves de la
superiorite de la semence amelioree par
rapport aux varietes populations locales
meme en conditions defavorables de cul
ture. Une augmentation de 50 % du
rendement est souvent citee pour la
semence amelioree par comparaison aux
varietes populations locales
traditionnelles. Cette augmentation doit
toutefois etre rapportee dans Ie cas des
pays en voie de developpement aux
rendements effectifs dans ces pays qui
sont souvent inferieurs Ii une tonne par
hectare ce qui diminue considerablement
son importance compte tenu du coilt de la
semence et des autres intrants. Pendant la
transition des varietes aux hybrides, des
augmentations de I'ordre de 20 il40 % du
fait de I'heterosis sont eouramment
escomptees, les autres intrants devenant
aussi importants. Dans les pays en voie de
developpement, les pratiques de gestion
et certainement la disponibilite de l'eau
peuvent sonvent s'averer beaucoup plus
essentielles il l'augmentation de la
productivite.

Pour Ie mais, I' adaptation a permis
I'adoption en Europe des hybrides de type



tempere issus du secteur ])rive ala fin des
annees 1940. En fail 90 % des pays
developpes se lrouvent dans les regions
temperees. Pat contre, seulement 25 %
des pays en voie de developpement
peuvent utiliser du gennplasme tempere.
C'est pourquoi, la majorite de la semence
amelioree essentiellement pour les
Etats-Unis et I'Europe et pat voie de
consequence la majorite des hybrides
selectionnes pat les entreprises privees de
sentence offrent peu d'interet pour les
producteurs de malS des pays en voie de
developpement. En Argentine il yavaitde
plus une nouvelle specification de grain
dur ,-itre au lieu de grain dente. C'est
pourquoi les entreprises multinationales
privees ont considere aplusieurs reprises
que les hybrides de sorgho avaient plus de
chance de penetrer les premiers sur les
marches tels qu'en Argentine et au
Mexique, peut-etre parce qu'ils
apparaissaient faussement comme plus
adaptes a toute une gamme
d t environnements.

Dans la plupan des pays en voie de
developpement oil ('adoption de la
semence hybride pat les petits exploitants
agricoles est generalisee, les rapports du
prix de la semence au prix du grain SOn! en
general infeneurs a10: I. D'apres Heisey
el. aI., ces rapports du prix de la semence
au prix du grain augmentent euormement
plus tard pendant la pbase mure de
I'industrie des semences et se stabilisent
souvent entre 25: I et 30: I. La Chine, Ie
plus grand producteur mondial et Ie plus
grand consommateur mondial de
semence de mals, utilise annuellemenl
740.000 tonnes de semence dont90 % est
hybride. Dans ce pays, les controles du
prix du riz maintiennentle rappon du prix
de 1a semence au prix du grain a4 soit aun
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niveau excessivement bas colDpllJi au
resle de I'Asie dontle rapport est 24. Le
contri\le des prix a entraine I'adoption
generalisee du mals bybride mais a
decourage tout investissement SOlIS forme
de recherche agronomique et en fait les
hybrides de mals plantes par les
agriculteurs chinois en 1993 etaienl ages
d'environ 20 ans et d'une quali.e faible
pat comparaison aux hybrides culth'es
aux Etats-Unis ages en moyenne de six
ans et de haute qualite. Sans contrOle des
prix. les producleurs au Soudan onl
indique qu'ils etaient prets il payer
jusqu 'au double la semence fownie par
une multinationale doni la reputation et
les resultats anleneurs assureot une purete
et une qualite adequates meme pour un
produit d'origine locale. En fail Ie prix
eleve de la semence est souventle faCleur
de qui incite I'agriculteur aameliorer ses
pratiques de gestion. Une meilleure
semence ne coute pas plus cben:, elle
rappone plus.

Les plantes de grande culture non
hybrides, en excluant les cullures
maraicheres. apparaisscnt moins
promeneuses sur les marches enangers.
DEKALB. en se servant de bles de
prinlemps selectionnes pat Ie C1MMYT.
a observe un laux d'acceptation de plus de
50 % en Argentine ce qui etait excellenl
pour Ie pays rnais insuffisant pour assurer
un profit par comparaison au marche
cereaJier europeen. Le soja et la luzerne
peuvent aussi etre considercs en
particuIier s' il s· agit de varieles
transgeniques. En sc:ptembre 1998,
Monsanlo. Ie plus grand foumisseur
moodial de plantes cuhivees
genetiquemem modifiees a annonce qu'il
proposait d'investir 550 millioos de dol
1m au Bresil afin de produire son berbi-



cide Roundup. Peu apres, Ie gouver
nement bresilien a rait des sojas resistants
au Roundup selectionnes par Monsanto
les premiers organismes genetiquement
modifies it etre legalement approuves
dans ce pays.

Tandis qu'un profit et la protection du
germplasme semblent etre les deux soucis
constants des entreprises pour
I'expansion it I'etranger, une attitude
beaucoup plus conservatrice et
comportant moins de risques peut etre
choisie comme des exportations de
produits ou des accords d'attribution de
licence avec une entreprise locale bien
etablie. Les contraintes imposees sur la
propriete par les petits marches ainsi que
les gouvernements peuvent etre it
l'origine de tels accords. Le Zimbabwe
est un exemple d'une activite semenciere
publique assuree par une cooperative
semi-privee qui pour survivre face aux
multinationales passe des accords de col
laboration technique avec des entreprises
americaines, sud~africaines, zambiennes
et kenyanes.

Les efforts de promotion d'une activite
agro-industrielle privee en Afrique
sub-saharienne ant echoue meme lorsque
des primes etaient donnees aux entrepre
neurs prives. Pray et Tripp ont suggere
que la strategie la plus courante pour en
courager une participation accrue dans
l'industrie des semences consiste a as
surer I' acces libre et gratuit aux produits
issus des programmes de selection
gouvernementaux. Aux Indes, ou il existc
une abondance de professionnels de
['agriculture competents prets it gerer des
entreprises de semence, [' absence d'une
legislation protectrice des droits des
selectionneurs est la cause de la reticence
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it meltre en place des programmes de
selection it part entiere ou it introduire des
lignees purcs deposees, interdisant ainsi
aux producteurs I'acces au meilleur
germplasme et it la meilleure technologie.
Il est certai n que les pol itiques
d'ouverture des marches entre les pays et
I'existence de reglementations justes et
ullifoffiles concernant les semences sont
d'autres considerations importantes pour
l'entreprise.

Benefices pour les
investissements prives

Il existe de nombreux exemples
d'entreprises privees ayant reussi dans Ie
secteur des semences comme pour Ie mals
en Argentine, au Bresil, au Mexique, en
Thailande et Europe, Ie sorgho au
Mexique, en Afrique du sud et en Argen
tine, Ie tournesol en Argentine et en Eu
rope et Ie ble en Europe et en Argentine.
Le rapport annuel de Pioneer de 1998
indique que 27 % des revenus pour Ie
mals provenaient de l'extericur du conti
nent Nord americain tandis que pour
DEKALB, 34 % des gains emegistres
pendant l'annee fiscale 1997 derivaient
des activites semencieres internationales,
l'annee fiscale 1998 presentant un
pourcentage aberrant de 83 'Yo.

Souvent Ie financement du secteur
agricole public est sacrifie lorsque Ie
gouvernement fait face it des contraintes
fiscales et transfert Ie financement sur
d' autres investissements. Le secteur prive
est alors davantage incite it accroltre ses
prop res inveslissements. Ceci s 'est
produit au Mexique et en Argentine
lorsqu'ils ont quitte la c1asse des pays en
voie de developpement. L'Argentine
donne un bon exemple des transfonna-
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rapide introduction d'bybrides
genetiquement modifies concerne la mul
tiplication de la semence de base ou
commerciale grace a I'emploi de
('hemisphere oppose,

Tournesol 1929-80 varietes -0.36
1981-9-Ib)'bnda ~_

donrlte!. du~.~tiDde r ",gricuIturt

tions engendrees par une composante
commerciale forte due aux hybrides de
mais. sorgho et toumesoL

Les nombreux et divers avanlages
secondaires offerts par les
investissements ai'etranger comprennent
des generations supplementaires telles
que dans ('hemisphere sud, des tests
precoces. ('echange de germplasme. des
differences de qua lite du grain, Ie
depistage des ennemis des cultures,
I'evaluation de la tolerance aux stress
thermique, hydrique et de toxicite des
sols, Un benefice important. peut-etre
plus souvent utilise en conjonction avec la

De tels resultats ameliorenl
enormement les relations entre Ie secteur
prive et Ie produeteur et se traduiront Ie
plus souvent par un plus grand soutien du
secteur prive par Ie gouvemement Mi
chael Morris du CIMMYT, souligne
qu'en Thailande. comme en Europe et en
Amerique du Nord. les prix des semences
augmentent avec un potenliel de
rendemenl plus eleve. les bybrides
simples ayant un rapport de prix de la
semence au prix du grain de 27-30 landis
que ce rapport esl de 4-5 pour les v'arietes
afecondation libre.

Les caracll~ristiques climatiques
imprevisibles de nombreu.x payS en voie
de developpement ont decourage les
investissements dans les technologies
visant a arneliorer les rendements. Les
agriculteurs qui achetent de la sernence
amelioree et des engrais risquent de
perdre leur investissement ce qui fail que
('augmentation de la production agricole
repose plus sur I'expansion des
superficies cultiv'ees que sur
I'augmentation des rendernents et qu'elle
continue de trainer par rapport a
\'accroissement demographique, De plus.

Par ailleurs, les multinationales en ex
pansion operent en general dans un
marche en croissance, Par exemple, au
Bresil, Ie mais est passe de culture
vivriere a cuhure fourragere mais
seulement 50 % de la superticie est
plantee en hybrides, Une tendance
similaire est acruellement obsen'ee en
Afrique pour Ie sorgho, les hybrides
representant une Ires faible part, En fait eo
Ethiopie, d'ou I'on pense que cette plante
est originaire, seulemenl 5 % des
superficies cultivees sont des varietes
arneliorees. Narurellement.les problemes
les plus importants au niveau des
semences justifient mieux Ie COUI de leur
resolution par la biotechnologie si les
benefices appropries som aussi mis en
pratique dans les pays en voie de
developpemenL

UmitesIRestrictinosiCoDsidintioDs
affectaDt Ie secteur prive

-7.52
~8AJ

1954-65 ,-metes
1966-94 h)'brides
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Ie secteur prive tout en etant capable
d'opererplus efficacement est confrontea
I'imposition de prix moins concurrentiels
puisque les organisations publiques de
semences peuvent inclure certains types
de subventions directes ou indirectes.
Pronase au Mexique fixe ses prix de fa90n
it couvrir seulement ses couts de
fonctionnement et n'a pas it couvrir ses
depenses de recherche, d'emballage ou de
promotion alors qu'elle essaye de fournir
de la semence aux agriculteurs
economiquement faibles.

Puisque les multinationales ont besoin
au minimum de 8-10 ans pour developper
des cultivars adaptes it un nouveau
marche, elles doivent etre pretes it
accorder un temps d'essai suffisamment
long it une nouvelle entreprise avant de la
juger. La disponibilite du materiel de
selection public pendant cette phase de
mise en place et d'essai est encore plus
cmciale. Pour les semences ameliorees
quelle qu' en soit l'origine (pubIique ou
privee), les preferences culturales
peuvent profondement en affecter
I'acceptation. Le prix du grain Hageen
Dura-I a chute de 35-50 % par rapport it
celui des varietes locales trois ans apres sa
mise sur Ie marchi: en partie parce que les
agriculteurs et les meuniers se sont plaints
de sa plus petite taille et de sa plus grande
durete et d 'un kisra plus doux. En 1990 la
difference de prix avait dispam et 90 %
des fenniers interroges ont declare que Ie
kisra de HD-I etait d 'une qualite egale ou
superieure it celle des kisras des sorghos
traditionnels. Sanders et. a!. ont conclu
que la reduction de I'ecart de prix au cours
du temps pouvait refleter l'evolution
dynamique des gouts en reponse au
potentiel de rendement plus eleve (couts
plus faibles) du nouveau cultivar. Les
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consommateurs d'Amerique Latine et
d' Afrique sub-saharienne preferent
nettement Ie mals blanc rnais aucun fait
scientifique ne I'associe it une meilleure
digestibilite ou valeur nutritionnelle.
Ainsi I'introduction de la semence
amelioree pour reussir doit surmonter la
preference des agriculteurs pour les
varietes traditionnelles en particulier si
elles se payent plus chi:res sur Ie marchi:.

Pray et Tripp soulignent que pendant
les premiers stades de I'etablissement
d'une industrie des semences, des
politiques de reglementations peuvent
viser a reduire la participation. Lorsque
les selectionneurs de la fonction publique
decident quelIes varietes doivent etre
mises sur Ie marchi:, ceci peut se traduire
dans les faits par un monopole d'etat sur
les nouvelles varietes et pratiquement
aucune participation du secteur prive. Les
reglementations devraient adresser : les
besoins des selectionneurs en matiere de
protection varietale et de recompenses
adequates ; les preoccupations des
producteurs de semence relatives aux
interferences bureaucratiques et it la con
currence deloyale ; et les attentes des
agriculteurs d'avoir acees it nne large
gamme de varietes avec une semence de
bonne qllalite.

Enfin, Ie secteur prive doit operer en
partenariat avec Ie secteur public pour la
recherche et Ie developpement, les deux
secteurs etant dignes d' etre supportes et
reconnus et non comme des concurrents it
considerer avec mefiance. Le meilleur
moyen d' exploiter les res sources
genetiques vegetales demande qu'elles
restent completement disponibles it tous
les utilisateurs et que I'infonnation clefet
la technologie concernant leur emploi
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soient largement diffusees. Non
seulement I'industrie des semences doit
eduquer les agricuheurs quant aux
avantages offerls par I'adoption du
germplasme ameliore et I'emploi de
semence achetee, mais tous les partis, y
compris les scientitiques etles decideurs,
doivent reconnaitre les droits de la
propriete intellectuelle qui comprend la
protection des varietes vegetales.

Le secteur prive naissant doit etre pret it
repondre it des problemes reels comme il
ajoute une nouvelle dimension it une agri
culture auparavant moins complexe. La
tendance, principalement dans les pays
developpes, vers une protection plus
stricte des varietes vegetales
commerciales s'accompagne dans les
pays en voie de developpement par une
initiative similaire visant it proteger les
varietes locales etles populations locales
en exigeant un dedommagement
monetaire pour leur utilisation. Un autre
sujet de preoccupation, aussi signale par
Morris, est que la recherche conlinuelle
d'une efficacite accrue se ttaduise par une
concentration et une integration verlicale
croissantes de rindustrie semenciere
privee. De telles tendances pourraient
s'averer indesirables si un petit nombre de
tri:s grosses enlreprises contrblent toute
I'industrie mondiale des semences. Un
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Map••to co 1998 (soM)

-,Pa:t;~",-__----,SO"",,,MJ:''''__..lin.- c;;me_
LU. M~_

Mais 15·SO- Mais
Soja 33 Sorcbo
So~ 29 AJ"I"IIIlM
Colon 84 Mais 65

Briall Sorcbo 60
--.Mai>, ---"60"--_IjJoum«ollllD'''''''lLl__..>3,,0__

·.vec Holden

147

exemple de I'impact 8C1Uel d'uoc relle
enlreprise, Monsanto, seulement pour
I'hemisphere occidental est presente
ci-apres:

Un autre exemple qui await po etre
donne est eelui d' Empresas La Moderna
SA, une enlreprise mexicaine de sernence
de legumes qui foumit la semence pour
40 % de Ious les li:gumes vendus dans les
supermarches americains. ELM a
recemmenl achete II entreprises qui
commercialisentla sernencede legumes.

les predictions entendues dans de
nombreux pays en voie de developpemenl
et pays industrialises it sa\'oir que les
enlreprises semencieres privees qui
recberchent Ie profit feront inhi
tablement des cboix socialement
indesirables en rabsence de contrbles
gouvemementaux stricts se sont averi:es
en grande partie non fondees. La vue
optimiste est qu'une consolidation
similaire it celie de MOnsaDlo, avec une
grosse putt du marchi:, encouragerait en
litit ces grosses entreprises al recbercher
sans cesse de nouveaux marches el ce
faisant dIes apporteraient aux pays prCts
pour un tel cbangementla contribution du
secteur prive tellement necessaire.
Compte tenu des coUts excessifs associes
aux produits issus de la biotechnologie.
les grosses entreprises muhinationales
offrem Ie meilleur moyen d'exploiler
ceDe technologie atin de ri:soudre des
problemes ou de fournir des produits
ameliorCs. A mesure que les systi:mes
d'approvisionnement en semence des
pays en voie de dheloppement
evolueront, la producti\;le agricole de ces
pays s'ameliorera aussi, un objectif
qauguel ifest capital et urgent d'aneindre.



Compte-rendu du rapporteur

Anand Kumar

Statut actuel de la production
de semence hybride de petit mil

Premiere journee - Troisieme seance

Anand Kumar

Les presentations generales ont ete
faites par Dr Botorou Ouendeba.

Dr David Andrews a presente la re
cherche actuclle sur les nouveaux
hybrides de petit mil it sterilite male
cytoplasmique.

B.R. Barwale, fondateur de Mahyco en
Inde, a expose Ie role fondamental du
secteur prive dans les pays moins
developpes ou les ressources sont
limitees. II a declare quc lcs subventions
initiales pouvaient avoir un impact 
I'agriculteur prefere toujours recevoir un
meilleur prix pour son produit plutOt que
d'obtenir des subventions telles que de la
semence it prix redui!. L'industrie privee
doit etre agressive. Les semenciers
doivent etre conscients que toute erreur de
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leur part se traduira par une erosion de la
confiance.

I. Mouddour - I.e Centre de Multipli
cation au Niger a clairement etabli que la
participation du secteur prive etait
necessaire. Au Niger, nous n'avons
enregistre aucun impact des centrcs de
multiplication. L'efficacite et la perfor
mance sont deux qualites essentielles
pour Ie secteur prive.

B. Maunder - Raisons de la reussite 
Un approvisionnement en semence
fiable, des varietes acceptables et d'une
purete correcte, des performances
ameliorees et les programmes de
selection du secteur public sont les des de
la reussite de I'industrie privee des
semences.



Mardi 29 september - Premiere seance

Les conditions de la reussite
des projets consacres aux hybrids

Moderateur - A. Kumar, ICRISATIISC



Production de semence bybride de qualite

Soumana Souley et Magagi Abdou

Introduction

L'experience acquise dans d'autres
pays a montre que la viabilile d'une
industrie des semences dependait de la
qualite des semences produites. La certi
fication des semences etablit des nonnes
de qualite pour les semences, mais il faul
aussi prendre d'auttes mesures pendant
tout Ie dbouJemenl de la production de
semence.

Dans Ie present document, nous allons
aborder les facteurs essentiels qui,
d'apres notre experience de production de
semence de NAD-I au Niger,
determinent la qualite de la semence
produite, asavoir Ie choix de la parcelle,
la gestion de la culture, Ie
conditionnement et Ie stockage de la
semence recoltee.

Cbob de I. panelle

Pendant loute la floraison. il faut que Ie
pollen soit present en abondance. Un
champ de forme carree plutot qu'une
etroite bande allongee facilite une
meilleure repartition du pollen.

L'irrigationjoue un role important en
production de semences. Ainsi iI faut un
bon lit de semence. sans creux ni bosses,
et des canaux d'irrigation propres. Ces
pratiques faciliteront une bonne irriga
tion, une floraison nonnale des deux
lignees parentales de I'hybride et surtout
un bon remplissage des grains du parent
femelle. Une grande abondance de pollen
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du parent male reduit aussi les chances de
fecondation indesirable par les pollens
provenant des varietes de sorgho des
champs voisins.

La superficie de la parcelle de produc
tion de semence ne doit pas etre inferieure
a0,25 ha, une fois encore aftn d'assurer
\'abondance du pollen au moment de la
floraison. L'isolement est important aftn
d'eviter toute fecondation par du pollen
etranger. La oil il y a un grand nombre
d'agriculteurs dans one meme region, il
peut s'averer parfois difficile de
maintenir la distance reglementaire
recommandee pour assurer l'isolement.
Ceci peut etre en panie remedie en
augmentant Ie nombre de !ignes de
bordure entre la parcelle de production de
semence et les champs pas assez distants
plantes en differentes varietes. La dis
tance recommandee pour I'isolement
dans Ie cadre de la production de semence
hybride de sorgho est de 200 m. Si Ie
sorgbo source potentielle de pollen
contaminateur presente une similitude du
point de vue de la couleur du grain et de la
hlllRUr de la plante mais que la panicule
n'est pas du type graminee. la distance
conseillee pour \' isolement peut eire
modiftee comrne indique dans tableau I.

Que les voisins proches sement Ie pa
rent mile pennet de mieux maitriser les
problemes au niveau de I'isolemenl. La
oil se trouve un certain nombre
d'agriculreurs cultivant des superficies
relativement petites, mais contigues, il est



Tableau 1. Nombre minimal de lignes de bordure exigees pour Ie parent mille.

Distance minimale de
contamination (ro)

m
115

110
81

n
60
50
38
25
o

Pour unc: parcelle de I Pour une parcelle
mains de 8 ha ------L-_ ~ _---'de"'->'p"'lu"s~de~8,-,h~a _

o 0
2 I

4 2
6 3
8 4

10 5

12 6
14 7

[6 8

10

possible de les regrouper pour produire de
la semence.

La parcelJe choisie ne doit pas avoir
comme precedent cultural du sorgho.
Sinon il faut pre-irriguer la parcelJe pour
faire germer spontanement les plantes qui
seront detruites par Ia suite avant de semer
la culture pour la production de semence.

Gestion de la culture

II est tres important de comprendre que
la culture pour Ie grain est differente de la
culture pour la semence. Un producteur
de semence souhaite optimiser ses
rendements en semence et, compte tenu
de la plus-value de la semence, il peut uti
liserplus d'engrais etd'intrants qu'il ne Ie
ferait pour produire du grain.

L 'experience acquise au Niger montre
que les meilleurs rendements en semence
ont ete obtenus sur des parcelJes qui ont
ete bien gerees pendant de nombreuses
annees. Les parcelJes qui ont ete epuisees
par la culture en continu pendant des
aImees et des annccs avec peu au pas
d'intrants donnent des rendements non
seulement plus faibles mais aussi plus
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variables meme si de grandes quantites
d'engrais sont utili sees pour la production
de la semence. Les parcelJes cultivees en
continu avec la meme production
vegetale peuvent presenter des problemes
au niveau des ennemis de cette culture,
dont la repartition au niveau de la parcelJe
n'est pas uniforme. Dans Ie cas du sorgho,
les nematodes, la fletrissure sont des
exemples de tels problemes. La rotation
des cultures, la culture d'engrais verts et
l'enfouissement des residus de culture
sont trois pratiques qui aident chacune il
maintenir la productivite des parcelles.

Preparation de la parcelle

La preparation de la parcelle doit
comprendre Ie labourage et la constitution
d 'une bonne couche arable ainsi que
l'elimination complete des mauvaises
herbes. II peut s'averer necessaire
d'attendre la premiere pluie ou de
pre-irriguer pour disposer d'une humidite
adequate du sol pour pouvoir Ie preparer.

Amendements

Certains agriculteurs preconisent un
apport de base d'engrais qui est incorpore



au moment de la pri:paration du sol. Ceci
n'est pas une mauvaise pratique surtout si
la parcelle est ulterieurement labowee en
sillons pour I'irrigation. Si la parcelle est
plate ou si les unites irriguees sont planes,
il vaut probablement mieux epandre les
engrais en bandes laterales a cote des
graines. Ces apports en bandes peuvent
eire realises au moment du semis mais
!requernment Ie sont lorsque les plantes
ont 10 - 15 cm de haut. II est recornmande
d'appliquer 200 kg d'azote par hectare,
par exemple 150 kg d'engrais NPK
15-15-15 au moment de la preparation du
sol et 100 kg d'uree en epandage en
bandes laterales. Cenains producteurs qui
utilisem du fumier et moins d'engrais
inorganique obtiennent d'excellents
rendements.

Irrigation

Si la parrelle estlabowee en siJIons.les
graines peuvent eire semees en haut ou
sur Ie cote du billon, ce que beaucoup
preferent car Ie sol est sur Ie cote plus
facilement humidifie par I'eau
d'irrigation. L'humidification du sol peut
eire un probleme dans les sols lourds
argileux oit I'eau penelre mal ou dans les
sols treS sableux oit reau s'infillre
rapidement et Ie sol pent se dessecher
rapidement SOlls Ie soleil bnilanl.

semis

Si les parents de I'hybride ne
fleurissent pas au meme moment (syn
chronisation), Ie parent avec la floraison
la plus tardive doit eire plante Ie premier.
Dans Ie cas de la production de semence
de NAD-I, on sait que Ie parent male
(pollinisateur) doit eire plante 7 jours
avant Ie parent femelle. Les instructions
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pour Ie semis sonl donnees dans la bro
chure de formation publiCe par I'INRAN
et l'INTSORMIL en 1997. Un pelil
commentaire au sujet des rangs de
bordure est maintenant nCcessaire. Les
rangs de bordure exiges par les normes de
certification peuvent ne pas paraitre
necessaires rnais en fail. ils Ie soot. II faut
obtenir un bon rendernent sur Ie parent
femelle, etles rangs du parent femelle sur
Ie pourtour de la parcelle peuvent
dependre des rangs de bordure pour Ie
pollen. Dans ce cas les rangs de bordure
doivent eire plantes sept jours avant Ie
parent femelle. Ainsi il yaura du pollen en
abondance au moment oit Ie parent
femelle commencera a fleurir et de plus la
contamination par du pollen etranger sera
reduite. Pour Ie semis. il faut utiliser un
taux el un ecartementtelsque la densite fi
nale soit comprise entre 180.000 et
200.000 plantes par hectare. Dans des
rangs espaces de 80 cm il de\Tait y avoir
une plante tous les 10 - 15 em.

La distance d' isolement peut aussi Cue
alteree en semant la culture pour la
semence 3 ou 4 semaines avant au apres
que les voisins ont seme a condition que
les deux cultivars aient environ la rneme
precocite. Si les parcelles des voisins
fleurissent 3 ou 4 semaines avant au apres
la parcelle de production de semence,
I'isolement dans Ie temps peut suffire. II
serait utile que les producteurs se
familiariseot avec Ie comportement des
autres cullivars de la meme culture
plantes au voisinage de leur parcelle de
production de semence.

Le meilleur moment pour les semis
reste a determiner par des essais. II
semblerait que pour la majeure partie de
la zone de culture dans Ie sud du ~iger la



meilleure periode soit la demiere semaine
de juin ou de la mi-juin a la mi-juillet. Un
semis tardif en aoiit peut se traduire par
des plantes plus petites et un rendement
plus faible et peut retarder la floraison
d'un parent par rapport a l'autre. Dans les
regions de pluies plus abondantes et de
saisons de culture plus longues, il vaut
peut-etre mieux reporter les semis jusqu'a
ce qu'i\ n'y ait plus de risque de pluie
tardive sur une culture a maturite et que
l'on soit sur de pouvoir recolter des
semences de bonne qua lite (sans
moisissure ou decoloration). Un semis
tardifaBengou, s'est toutefois traduit par
des attaques severes de cecidomyie qui
ont entraine des pertes de rendements
importantes. II est possible que les semis
tardifs favorisent les attaques de
chenilles. Ces problemes varient d'un lieu
a I'autre et toute experience en 1a matiere
est precieuse. Une parcelle de production
de semence bien geree produira 1.800 a
2.000 kg de semence par hectare, sans
compter Ie grain recolte sur Ie parent
male.

Desherbage

II est important de garder les parcelles
de production de semence propres,
depourvues de toute mauvaise herbe.
Deux a trois sarclages devraient etre
effectues aussi tot que possible pour que
la culture prenne I'avantage.

Demariage

II est impottant de demarier pour que 1a
densite de plantes aI'hectare soit correcte
(entre 80.000 et 120.000 plantes par hal.
Le demariage est particulierement crucial
si 10 - 20 graines ont ete semees par
poquet. Le demariage devrait etre
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effectue quand les plantes ont 10- 15 em
de haut et il vaut mieux que Ie sol soit
humide pour permettre d'arracher les
racines et aux plantes conservees de se
remettre des dommages causes a leurs
racines.

Repiquage

S'il existe des trous entre plantes en
certains endroits de la parcelle et qu'en
d' autres endroits un demariage soit
necessaire, il est possible de repiquer les
plantes demariees. On a appris par
experience que les tres jeunes plantes ne
sont pas bien adaptees au repiquage.
Certains agriculteurs preferent meme
repiquer des piantes hautes de 25 - 30 em.
II vaut mieux que les plantes aient 15 - 20
em de haul. La p1upart des feuilles sont
otees, ce qui donne une plante plutOt
rigide pour Ie repiquage. La plante
repiquee devrait erre plantee
profondement dans Ie sol et irriguee des
que Ie repiquage est termine.

Si Ie repiquage a lieu dans une portion
de la parcelle, des plantes des deux pa
rents, Ie parent femelle et Ie parent male,
doivent etre repiquees puisque Ie
repiquage rallonge d'une semaine ou plus
Ie temps pour fleurir et peut done
entrainer une desynchronisation de la
floraison des deux parents.

Le repiquage peut etre un remede utile
mais il n'est pas aussi performant que la
culture issue directement de 1a graine.

Les criquets et les sauterelles s'abattent
parfois en tres grand nombre sur les cul
tures et detruisent les plantules de sorte
que la den site de plantation est
insuffisante. L'emploi d'un insecticide



pour lulter contre ces ennernis serait fort
utile.

Epuratioo

L 'epuration consiste a eliminer les
plantes hors type ; elle doit etre effectuee
pendant toute la saison de production.
Parfois, une plante hors type est
vigoureuse avec un epi de bonne taille et
on esttente de la preserver. II faut a nou
veau se souvenir de la difference entre la
production de semence et la production de
grain et qu'une semence de bonne qualite
ne peut pas comporter plein de graines qui
donneront des plantes hors type dans les
champs des agriculteurs. II est important
de detruire les plantes hors type avant
qu'elles emeltent du pollen. Si ces plantes
liberent leur pollen, elles peu~ent ferti
liser Ie parent femelle et produire une
semence qui donnera des plantes hors
type dans les champs des agriculteurs.

11 peut s'averer impossible de
reconnailre une plante hors type pendant
la periode de croissance de la culture.
Parfois I'identification des hors types
reste impossible jusqu'a ce que la graine
commence a se former et qu'une
difference de couleur au niveau du grain
apparaisse. Des inspections regulieres en
champs afin d'identifier les plantes
bors-types des que possible sont
absolument essentielles.

Certaines normes de certi fication
donnent un niveau permis de contamina
tion par les bors types. Pour la production
d'hybrides de sorgho, Ie nombre permis
de tetes ou de plantes d'une autre variete
est de I pour 2.000. S'il existe un doute
quant a la nature bors type de la plante
(similaire aux autres plantes de la

155

parcelle), Ie niveau de contamination
accepte est de I pour 1,000. Pour la
semence de base et amelioree, les oormes
sont plus smctes. Pour la semence de
prebase, la norme est de un bors type pour
50.000 plantes. pour la semence de base,
on accepte un bors type pour 35.000
plantes. Quoique Ie programme de certifi
cation des semences ne soit pas
actuellement en vigueur. les cbifTres
precedents indiquent des limites au
producteur soucieux de la qualite de sa
semence.

Pollinisatioo

Si Ie malin est sec et cbaud, la
pollinisalion peut commencer tout de
suite apres que la parcelle estex~ au
soleil. S'ill'air est bwnide 011 qu'il y a de
la rosee. la liberation du pollen peut eire
retardee jusqu'li 8:00 - 9:00 du malin. Et
si les plantes SOn! mouillees suite a une
pluie. il faut anendre 10:00 - 11:00 du
malin.

Si la synchronisation est bonne, la
pollinisation naturelle peut suffire et
donner une bonne production de graines
sur Ie parent femelle. II peut s'a,'erer utile
de marcher entre les rangs de parent rn8Ie
arme d'un balon dans cbaque main et de
taper les epis males afin de liberer Ie pol
len. Les jours sans vent 011 avec pen de
vent, la majorite du pollen tombera par
terre. Si on dispose d'un ramasse
poussiere motorise, il pent etre utilise lli
mi les epis de parent femelle sont en /leur
et entoures de peu d'epis de parent m81e.
Le pollen peut eire ramasse en sac. Les
sacs sont glisses par-dessus I'epi femelle
et secoue. vigoureusemenL Un sac de
pollen pollinise en general un seul epi
femelle. Vne equipe de 4 - 5 personnes



suffit a assurer de nombreuses
pollinisations en une seule joumee.

La maturite de la culture et la recolte
sont deux considerations importantes.
Les grains a la pointe de l'epi femelle
arrivent a maturite environ 4 jours avant
les grains a la base de l'epi. A mesure de
leur maturation, les grains commencent a
se colorer et lorsqu'ils sont completement
colores (pas de coloration verte), ils
approchent ce que I'on appelle Ia maturite
physiologique. A ce stade du
developpement du grain, Ie poids de la
matiere seche a atteint son maximum. Un
bon moyen de savoir est de prelever
quelques grains a la base de I' epi,
d'examiner la base du grain et si une tache
noire est presente au point d'insertion du
grain sur I'epi, de conclure a la maturite
physiologique. La teneur en eau reste
elevee, plus de 20 % ; mais, si Ie temps est
ala pluie et que les grains risquent d'etre
endommages. on peut recolter. Les tetes
recoltees peuvent etre pendues sous un
abri au I'air circule meme artificiellement
grace a un ventilateur, ou elles doivent
etre secMes dans un sechoir si un est
disponible.

Normalement, on garde la culture sur
pied pendant plusieurs semaines
supplementaires afin qu'elle seche. Pour
la recolte et Ie stockage, la teneur en eau
doil etre de 12 % ou mains. II est conseille
de mellre a secher au solei! pendant
plusieurs jours les tetes recoltees afin de
s'assurer que la teneur en eau du grain est
faible, un grain avec 10-12 % d'humidite
est dur a croquer.

Les tetes recollees doivent etre
protegees de la pluie sinon elles vont ab
sorber de l'eau et si elles ne sont pas
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re-secMes et qu' elles sont stockees ainsi
avec une forte teneur en eau, leur capacite
a germer chutera et leur bonne qualite sera
perdue. Le taux de germination des
graines vendues aux agriculteurs doil eire
80 % ou plus.

Lars de la recolle, il est recommande
que toutes les plantes males
(pollinisatrices) soient recoltees et les
epis sortis de la parcelle avant que la
recolle des plantes femelles ne com
mence. Ceci evitera les melanges. De
plus, Ie battage du parent pollinisateur et
celui du parent femelle doivent etre
suffisamment separes dans I'espace et Ie
temps pour que les melanges soient
impossibles. Si on utilise une batteuse, il
faut soigneusement la nettoyer de sorte
qu'il ne reste aucune graine d'un type
dans la machine lorsque I'autre type est
battu.

Les semences doivent etre stockees en
sacs de preference en tissu dans un endroit
relativement frais. Des murs epais, des
hauts plafonds et un toit isole meme en
chaume ou en paille aideront a rMuire la
temperature. La climatisation si on en dis
pose est une aide precieuse. II faut que
I'air circule et les murs et Ie plancher
doivent etre lisses de fa90n a pouvoir etre
essuyes pour eliminer I'accumulation
d'insectes dans les fentes. II faut aussi
prendre des mesures de protection contre
les rongeurs.

Conclusion

Afin de produire de la semence de
NAD-I, un producteur de semence doil
appliquer certaines pratiques a savoir :



• Choisir une parcelle plate,
homogene et bien drainee :

• Eviter de choisir une parcelle
emblavee en sorgho I'annee
precedente ;

• Assurer un bon isolement de la
parcelle;

• Preparer un bon lit de semis pour
favoriser une bonne germination et
croissance des plantules ;

• Foumir de "eau en abondance ;
• Fertiliser avec un epandage de fond

d'engrais inorganique 15-15-15 et
un epandage en bandes laterales
d'uree ;
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• Faire des semis echelonnes des
parents;

• Appliquer des pratiques culturales
appropriees :

• Recolter et baltre les .:pis des delL"
parents separement :

• Conditionner immediatement la
semence et la stocker dans un
endroit sec el fiais ;

• Verifier la germination a,·ant de
distribuer la semence pour la pro
duction commerciale.



Gestion des champs
pour la production de semence de sorgho

Seyni Sirifi, J.W. Maranville et R.K. Pandey

Resume

La reussite de la production de
semence de sorgho au Niger necessite
l'adoption de pratiques appropriees de
gestion des cultures. L' absence de telles
techniques peut entrainer une recolte sur
pied mediocre, des rendements en grain
rMuits et parfois un echec de la culture.
Les criteres de gestion des cultures les
plus importants sont la selection du site, la
preparation du sol, la culture a
proprement parler - ecartement des rangs
et densite, gestion de la fumure (taux,
dates et methode d 'application des
engrais), besoins en irrigation, protection
de la culture, recolte et battage vannage.

Les resultats des essais en champs sur
plusieurs types de sols au Niger indiquent
que Ie sorgho se comporte mieux sur sols
lourds a texture fine que sur sols sableux ;
mais avec une meilleure gestion des
elements nutritifs et de l'eau, il est possi
ble d'obtenir une production de semence
satisfaisante sur sol sableux. Les etudes
de la culture en champs ont montre que [a
culture sur billons est superieure a celle
sur lit plat car elle permet une meilleure
utilisation de l' eau par les plantes et elle
facilite les cultures en association. Un
ecartement entre les rangs de 60-70 em et
entre les plantes de 20-25 em fournil
suffisamment de plantes (80, 000 a
100,000 plantes /ha) pour assurer des
rendements eleves.

La gestion des elements nutritifs est un
facteur critique de I' augmentation de la
production de semence. Des sols de faible
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fertilite necessitent des apports accrus
d'engrais par comparaison aux sols de
fertilite moderee ou elevee. Pour obtenir
Ie rendement cible de 2 t de semence par
hectare, il faut apporter 120-30-30 kg de
N·P-K par ha en condition de faible
fertilite des sols et en general 90-30-30 kg
de N-P-K en condition de fertilite
moderee. La distribution et I'abondance
des pluies determinent la disponibilite de
l'eau pour la culture et la reponse de la
culture aux apports d'engrais. Une
mauvaise distribution des pluies ou des
quantites trop faibles necessitent souvent
une irrigation complementaire afin
d' assurer une production stable et de
minimiser les effets negatifs du manque
d'eau sur Ie remplissage du grain.

Au debut de la croissance des plantes
cultivees. les mauvaises herbes leur font
concurrence pour l'eau, les nutriments et
la lumiere. Un mauvais controle des
mauvaises herbes entraine des diminu
tions de rendement. Lorsque les plantes
cultivees sont suffisamment hautes
(60-80 em), elles peuvent etouffer les
mauvaises herbes. En general un ou deux
sarclages sont necessaires pour eJiminer
les mauvaises herbes pendant la duree de
la culture.

La recolte et Ie battage vannage sont
aussi des facteurs essentiels qui
determinent la quantite et la qualite du
rendement en grain. La teneur en eau du
grain a la recolte et la methode de battage
vannage peuvent controler Ie taux de
cassure du grain. Les pertes dues aces
facteurs doivent etre minimisees.



Iutroductiou

Les semences hybrides offrent la
possibilili d'ameliorer la productivite des
cultures au travers de I'hetemsis aussi
bien en culture sous pluie qu'irriguee.
Toutefois sans une gestion appropriee des
elements nutritifs des sols au Niger,
I'adoption des hybrides sur des sols deja
pauvres continuerait a en diminuer la
fertilite. II faudrait donc une gestion
appropriee des cultures et des sols dans Ie
cadre d'une politique gouvernementale
bien agencee des prix et de mise a disposi
tion des engrais pour ameliorer les
rendements du sorgbo par rappon a la fai
ble productivite actuelle. Le develop
pement d'un systeme de production des
semences alin d'assurer la fourniture de
semences ameliorees, d'engrais et autres
intrants aux agriculteurs est une etape
necessaire en vue de parvenir au but
d'autosuffisance alimentaire.

Gerer une culture de sorgbo a des fins
de production de semence necessite une
bonne connaissance des besoms en nutri
ment, cau, protection et environnement de
culture de cette plante. Le rendemenl est
determine par I'utilisation de pratiques
culturales ameliorees et d'intrants. Les
pratiques de production et les inlrants
doivent etre ajustes en fonclion du
rendement en semence vise afin qu' il soil
aneint. A des fins de production de
semence, Ie sorgbo esl general planle a
raison de deux rangs males pour 4 rangs
femelles, les deux lignees ayant des
besoins culturaux Ires similaires en
faisanl exceplion de la dale de semis qu'il
faut peut-etre ajuster de f~on a synchro
niser la floraison des deux Iignees. Sinon
la gestion de la culture iI des fins de pro
duction de semence est tres comparable a
celie des varieles commerciales a
fecondation Iibre en ce qui concerne les
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besoins en elements nutritifS et en eau
pour des rendements equivalents.

Au Niger, pour reussir, la production
de semence doit avoir un rendemenl en
grain satisfaisant. Augmenter les
rendements en grain actuels de I t ba a
2,5 l'ha necessitera I'adoption des pra
tiques ameliorees de gestion des cultures.
II est clair qu' il faul examiner les pra
tiques de gestion des culturesen anaIysanl
les donnees appropriees qui determinent
la productivite de ceoe culture au Niger.

L 'objet de celte presentation est
d'analyser les pratiques de gesrion des
cultures en fonction des resultats d'essais
en champs elfecrues au Niger.

Type de sol eI fertilite

Le type de sol et son niveau de fertilite
sont des facteurs c1es determinants la
produclivite du sorgho au Sahel. Le
sorgbo se compone bien sur sols a texture
fine et la plupart des agriculteurs
nigeriens pref'erenlle cultiver sur des sols
• texture fine plutot que sur des sols
sableux paree qu'ils utilisent trCs peu
d'intrants. II est toutefois possible de
produire du sorgbo sur des sols sableux a
condition que les limites dues a I'eau et
aux elements nutritifs aient ete eliminees
ou fonement rOOuites. La plupart des sols
dans les zones de culture sous pluie SOD!

pauvres sur Ie plan de la fenilite et ont peu
de matiere organique et une faible
retention en cau ; parconsequent des tech
niques de gestion basees sur Ie sol sont
essentielles a r obtention des reodements
vises dans Ie cas de la production de
semence.

Des essais en champs ont eli realises
afin de comparer I'elfet du type de sol sur
les besoins en azote el phosphore du



sorgho cultive dans Ie perimetre de
Konni. Cette region est caracterisee par
une pluviometrie moyenne de 477 mm et
une evaporation potentielle de 679 mm de
juillet it octobre. Quatrc niveaux de
fumure azotee ont ete appliques avec ou
sans complement phosphore sur neuf
champs d'agriculteurs representant trois
types de sol: limon argileux fin (vertisol),
limon sableux et sableux (inceptisol). Les
resultats donnes dans Ie tableau I
indiquent que Ie sorgho se comporte
differemment et a des besoins differents
en azote et phosphore suivant Ie type de
sol. Le limon argileux tin donne des
rendements plus deves que Ie sol sableux
pour un meme niveau de fumure du fait de
sa capacite plus elevee it foumir les
elements nutritifs. La reponse it l'apport

d'elements nutritifs variait avec Ie
genotype, NAD-I donnant des
rendements legerement plus cleves que
Sepon-82 (tableau 2). Pour un meme
rendement, Ie sorgho requiert plus
d'apports d'61ements nutritifs lorsqu'il
est cuhive sur des sols sableux de faible
fertilite que lorsqu'il est cultive sur des
limons argileux fins moderement fertiles.
Dans Ie pcrimCtre de Maradi qui recouvre
deux types de sol, sableux et limon
sableux, les rendements en grain etaient
plus Heves sur les limons sableux que sur
les sols sabJeux pour un meme niveau
d'apport d'elements nutritifs (tableau 3).
Maradi est caracterise par une
pluviometrie moyenne de 491 mm et une
evapotranspiration potentielle de 70 I
mm. Afin d'optimiser la productivite du

Tableau 1. Reponse du sorgho a la fumureazotee sur trois types de sols dans Ie perimHre de Konni
en 1996.

Azote

Taux
Kg ha- l

N45

N90

N135

NI80

Moyenne

Type de sol

Sableux Limon Limon argileux fin

PO P50 PU .no__ PO P50

2035 2084 1993 2132 2229 2453

2174 2381 2111 2285 2458 2658

2521 2403 2528 2740 2653 2757

2799 2917 2958 3417 3278 3201

2382 2446 2397 2643 2654 2767

256

Tableau 2. Reponse de NAD~[ et Sepon.82 aIs fumure azotee avec ou sans apport de Pen terme
____-=d"e..r..e:::n:=de..,ffi::::ent en semence dans Ie perimetre de Kouni en 1997.
Tauxd'azote Sepon-82 ~_.. __~N",AD=-I,- _

(Kgha~l) PO P50 PO P50

N45 2030 2218 2]99 2324
N90 2]90 2318 2241 2574

NB5 2370 2669 2606 2754
N180 1874 3079 3097 :B29

Moyenne

Ecart-type+

2366

209

25?I 2536 2745

Sur limon argileux fin (vertisol), sol ,abkux (inceptisol), la culture iubit des manLJue~ d't:;:,u Ii plusicUI'S slad~s de croissance,
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Tablea.3. Co"""",- do .........o......tt .. eqllolb_ do NAD-I .. do~'Mandl..
1997.

___-'Cha4~m~n"'de..,..I-"·asricu!m<·"""our""- ~Sab.. I....
Taux S kg ha- l Scpon-81 'iAD-l

21 1833 2100

54

81

108

PPos So.

cv

438

2333
~620

3200

Limoo~~ _

Scpon-8Z S.-U>-I
~300 :566
~400 ~6H

!..'66 ::"'00
3400 3866

Sol sablau (>10'" de Yblc-l. Iimoo sablan.l"'~ iable. 35 argik.lO lunont
La cuItw'c- suM troiS maoques d"eau~ pmdanl sa croissance dn"'C1oppcmenl.

sorgho, les apports d'engrais il epandre
sur les differents types de sol doivent etre
definis sur la base des tests pedologiques
si ceux-ci sont disponibles.

L 'Hablissement de I. eultnre

L'etablissement de la culture esl un
facteur crucial de l'obtention d'un bon
rendement en semence au Niger. Une
bonne preparation du lit de semence est
necessaire a la germination et a la
croissance subsequente ainsi qU'il la
relention en eau. L'humidite du sol au
moment du semis est cruciale il la germi
nation el une bonne levee en champ. La
lemperature elevee de ('air et la demande
en evaporation de la haute atmosphere
entrainenl un dessechement rapide de la
surface du sol. Une teneur en eau
insuffisanle de la couche superieure du
sol et un semis peu profond se traduisenl
souvent par une faible densite de planles.
La profondeur du semis et Ie nombre de
graines par poquel determinent en general
la germination en champ.

Le sorgho est en general planle sur un
lit plat dans de nombreuses regions de
production pour Ie grain. L'emploi de bil
Ions assure une plus grande retention de
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l'eau de pluie dans les regions de culture
sous pluie et par consequent une
meilJeure producti\;te. Dans Ie perimeue
irrigue, les billons facilitent !'irrigation et
('association de cultures II des fins de
controle des mauvaises herbes. et ils
meritent donc une plus grande attention
de la part des producteurs de semence.
Les resultats de la recherche confirmen.
en general I'augmentation de la
productivile avec les systemes de culture
en billons sous conditions de
pluviometrie limitee.

Du sorgbo plante sur des bi lions
distants de 60 - 75 em. en poquets de 1
graines espaces de 25 -30 em. produil en
general une densile de 80.000-100.000
planles par hectare si les graines onl un
taux de germination au cbamp de 75
80 %. L'etablissemenl de la culture est par
consequenlla premiere etape de la gestion
de la culture pour ('amelioration de la
productivile (Pal et al.. 1996. Patel et al.,
1992 ).

Des essais en champ onl ete realises
afin d'evaluer ('effel de la culture en bil
Ions sur Ie rendement en grain du sorgbo
par comparaison II un semis sur iiI pial
dans Ie perimetre de Maradi pendant la



saison des pluies de 1997. Les nlsultats de
ces essais montrent que la culture en bil
Ions a I'avantage d'ameliorer Ie
rendement en grain par rapport au semis
sur lit plat lorsque la pluviometrie est fai
ble car elle permet une meilleure utilisa
tion de I'eau (tableau 4).

Dans une autre etude en champ, les
eiIets de la densite, variant entre 40.000 et
120.000 plantes, ont ete evalues sur la sta
tion de recherche de Maradi en 1997. Les
resultats de cette etude montrent que
I'augmentation de la densite de 40.000 a
100.000 plantes par hectare accro!t aussi
Ie rendement en grain (tableau 5). A
chaque densite, Ie rendement en grain
diminuait a mesure que les apports
d'azote etaient diminues. Pour obtenir des
rendements en grain eleves en champ, il

faut viser la densite de plantes optimale et
I'apport de fumure optimal (Clegg et aI.,
1974 ; Patel et aI., 1992 ; Singh et aI.,
1987; Villar et aI., 1989).

Gestion des elements nutritifs

De tous les elements nutritifs, I'azote
est Ie plus limitant suivi par Ie phosphore
(Maranville et aI., 1980 ; Singh et aI.,
1987 ). La reponse du sorgho ala fumure
azotee est spectaculaire et des multiplica
tions par 2 ou 3 du rendement en grain ne
sont pas rares. L'effet de I' apport de
phosphore sur Ie rendement en grain est
une augmentation de 10 a 25 pour cent
selon Ie niveau de phosphore disponible
dans Ie sol (Cripps et Matocha, 1987 ;
Pawar et aI., 1987; Pawar et aI., 1988). La
reponse de cetle culture au potassium est

Tableau 4. Effet de la methode de culture et du taux de fumure azotee sur Ie rendement du sorgho
grain aMaradi en 1997.

o
45
90
135
180

Moyenne

PPDS 0.05

Culture sur Culture en
lit plat billons
1087 1583
1584 1950
2108 2375
2775 3117
2590 3095

2029 2424

324

Tableau 5. Effet de la densite a trois niveaux de furnure azotce et complement d'irrigatioD (150 mm)
sur Ie rendement en grain it Maradi en 1997.

Densite
plantes/ha
40.000
60.000
80.000
100.000
120.000

Moyenne
PPDS 0,05

Pluviometrie pendant la culture - 465 mm

N45
2095
2360
2780
3884
3467
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N90

2980
3170
4250
4917
4580

310

N135
3413
4667
5306
5534
5417



beaucoup plus faible et rarement observee
(pawar et aI., 1987 ; Pawar et aI., 1988).
Un grand prelevement du potassium du
sol par la culture necessite une fumure de
maintenance afin de conserver la
productivite Ii long terme. C'est pourquoi
I 'apport d'un engrais compose
(15-15-15) de base est en general
recommande. Des recherches recentes au
Niger indiquent que Ie sorgho repond Ii un
apport d'azole allant jusqu'li 180 kglba
lorsque I'eau n'est pas un element
Iimitant mais qu 'en culrure sous pluie iI
faut des apports moindres.

Une etude en champ a ete realisee en
1996 Ii Lossa afin d'evaluer les effets de
('azote, du phosphore et du potassium sur
Ie rendement en grain du sorgho cultive
sur sol sableux, pauvre en matiere
organique el elements nutritifs. La
pluviometrie fut de 350-400 mm pendant
la saison des pluies de 1996. L'hybride
NAD-I et la variete Ii fecondation Iibre
Sepon-82 ont ete evalues Ii cinq niveaux
de fumure azotee : 0,45,90, 135 et 180 kg
par hectare de N avec ou sans supplement
de phosphore et de potassium. Les
resultats indiquent des augmentations de

rendement meme pour I'apport de ISO kg
de N par hectare, NAD-I ayant un
rendement superieur Ii celui de Sepon-82
(tableau 6).

Un second essai a ete realise aLossa en
1997 afin d'evaluer les effets de ('azote.
du phosphore et du potassium sur Ie
rendement en grain du sorgho cultive sur
sol sableux, pauvre en matiere organique
et elements nutritifs. L'hybride NAD-I a
ete cultive sous cinq conditionsde fumure
azotee : O. 45, 90. 135 et 180 kg par hec
tare de N avec ou sans supplement de
phosphore et de potassium. Le dispositif
experimental etait un split plot Ii quatre
repetitions. les apports de phosphore et de
potassium constituant Ie niveau principal
et ('apport d'azote Ie oiveau secondaire.
Un supplement d'irrigation (300 mm) a
permis de satisfaire les besoins en eau de
la culture. Avec ce supplement
d·irrigation. la reponse du sorgho a la
fumure azotee a ete spectaculaire, Ie
rendement ayant ete multiplie presque par
trois. La reponse Ii la fumure phosphoree
etait plus faible rnais encore notable (tab
leau 7). L'apport de potassium n'a pas
aeeru de fa~on significative Ie rendernent

•

P40

Tablea. 6. Elf...... appem d'azok, p....,Iton .......-. r" " _ .... craiJo (q/IIa'"
d'.. 5OrgIIo C1IItiY.50.. pi'" poudant .. ..- Lossa ..t~ _

NAP-I 5mm-Jt2
P40 ... K75 Mo)'CMe P40 P-40 ~ Kis

NO
N4S

N90
Nt35

NI80

Moymoe

Ecan-twe

625 61'1 6S~ 481 539 -951 969 960 839 191 815

1055 1360 1210 902 993 9·1'

J66S 19~ 1"'93 1~81 IS~ 1~~3

101~ 138"'7 2199 1i57 1812 ."J..I

1262 1.&63 1363 1112 1131 n02

113

P1~ pcodmt la saison 343 aun. sol sabkult f86 'I. sUlk).~1. plU\tt en tIlatJttt orpmque ,03 •..1

EuputlampiJatioo poteDtiellc llOO jO&IBl693 DIIIl.
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Tableau 7. Effet des apports d'azote, phosphore et potassium sur Ie rendement en grain (kg ha-l
)

d'un sorgho cultive sous complement d'irrigation (300 mm) aLossa pendant la saisondes
pluies de 1997.

P40 K75 + Rendement en
POKQ P40KO P40 K}5 2t ha- l CR. grain moyen

2220 2390 2520 2690 2455
3080 3490 3590 3720 3465
5080 5320 4350 5430 5050
5610 6500 5430 7770 6170
6580 7280 6420 8250 7230

4510 4996 4462 5450 4854

390

14CV'7,-, _

CR*- residus de culture (2t na"l)
Pluviometrie pendant la saison 343 mm, sol sableux. (86 % sable), inceptisol, pauvre en matiere organique (OJ %)
Evapotranspiration potentie1le (100 jOUh) 693 mnl.

Taux de N
(kg ha"l)

NO

Ecart-type

Moyenne

N45
N90
NBS
N180

en grain. L'addition de residus
organiques avec Ie phosphore et Ie potas
sium resulte en une augmentation du
rendement superieure a celie due au seul
apport de phosphore et de potassium.
L'augmentation du rendement en grain
due a I'apport d'azote est lineaire jusqu'a
I'apport Ie plus eleve (180 kg/ha) teste.

une irrigation frequente. En condition de
culture sous pluie Ie facteur de
productivite partielle etait beaucoup plus
faible que pour les cultures irriguees. Des
deux genotypes, NAD-I avait Ie Pfp Ie
plus eleve (tableau 8).

Besoins en eau de la culture

Efficacite de I'utilisation de I'azote

L'efficacite de,I'utilisation de I'azote
telle que determiuee par Ie facteur de
productivite partielle (kg grain I kg N) est
une mesure du benefice fait par les
agriculteurs. La productivite partielle en
exploitation (Pfp) etait plus faible que sur
la station experimentale (tableau 8). Dne
des raisons etait que la culture a ete sujette
a des manques d'eau a plusieurs reprises
du fait de delais dans I' irrigation.
Normalement, Ie supplement d'irrigation
est apporte lorsqu'il ne pleut pas pendant
trois semaines ou environ. Ceci entraine
des stress frequents du fait du manque
d'eau. Par contre sur la station
experimentale, la demande d'evapotrans
piration de la culture etait satisfaite par

Les besoins en eau du sorgho dans
!'environnement sahelien ne sont pas
souvent satisfaits par les pluies la ou les
pluies sont erratiques et insuffisantes.
irriguer est devenu imperatif afin
d'obtenir Ie rendement potentiel maxi
mal. La demande due a l'evapotrans
piration est de 450-550 mm pour un
rendement en grain de 4000 kg ou plus
(Bmn et aI., 1972 ; Lewis et aI., 1974 ;
Zweifel et aL 1987). Dans une zone agro
ecologique recevant 300 - 400 mm de
pluie, une irrigation de complement sera
toujours necessaire pour obtenir les
rendements en semence vises tandis que
dans les zones avec une pluviometrie de
450-550 mm, Ie complement d'irrigation
ne s'avere necessaire que si les pluies sont
mal distribuees ou insuffisantes. Ainsi
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Table.... F_ do """,-iti partidIo (Prp. q IJ'aIa/q N)'" NAO-I .. !<opn III ane
COIIlp_t d'irrigatloo _r dur_b~•• do _ .... UOflI<,~ _

__-,S",ure:tpll:~igIjjoo 5~~__. _

~45

N90

~IJ5

N\SO
Sous pluie

1'45
1'190

1'135

"\SO

Kooni
42.7

29.8

23.1

----~

11.3
13•.1

\3.3

122

___ Matadj l.9ssa ~INadi ..._
56.8 77.0 69.5

"".1 56.1 5'1'.1
33.9 45," "1.5-
270 _~ ~_3-I..,.,,-I _

Pfp

18.\
IO~~

115

9.'

trois a quatre irrigations supplementaires
peuvent s 'avther necessaires dans
plusieurs zones saheliennes pour obtenir
une bonne production de semence. Une
comparaison d'une culture sous pluie et
d'une culture avec supplement
d'irrigation a mon.re une forte augmenta
tion (presque deux fois) du rendemeot en
grain lorsque l'irrigation etait apportee a
Pepiaison, 13 tloraison et au moment du
remplissage du grain (tableau 9).

ProtediOD de I. eultnle

Parmi les mesures de protection, Ie
controle des mauvaises herbes doit
recevoir la plus grande allention.
Normalement deux sarclages manuels
sont necessaires trois semaines et six
semaines apres la levee. S'i1y a peu de
mauvaises herbes, un seul sarclage peut
s'averer suffisant dans certaines zones.
L'emploi d'herbicides est en general
infaisableen raison de la non disponibilite
desdits herbicides.
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Rkolte et battage nDnage

Une culture pour la semence est
recoltee lorsque les plantes om aReint la
maturite physiologique (la teneur en eau
du grain est comprise entre 20 - 25 pour
cent). En general. la culture est maintenue
en champ jusqu'a ce que la leneur en eau
du grain lombe a 9 - II %. Si les condi
tions climatiques favorisent UDe

deterioration du grain. la recolle pcut etre
faite plus lot mais les epis doi"ent aIors
etre stehes sousabri. Si desepis desorgbo
avec des grains a leneuren eau elevee SOIIt
entasses, ils' khauffent du fail de la respi
ration et perdenl leur capacite a genner.
En general tous les epis des planles males
doivent etre recolles et sortis du champ
avanl que la recolle des parents femelles
ne commence.

La gestion des cultnres baHe SDr Ies
stades de I. croissance .f1n d'obteDir
des Iendement5 ele"n

On reconnail trois stades de la
croissance et du developpement. La
gestion de la culture speeifique a chaque



Tableau 9. Effet du complement d'irrigation sur Ie rendement en grain (kg ha-I) d'un sorgbo cultive
~__---,en 1997 avec differents niveaux de tumure azotee.

Taux d'azote
(kg ha- I )

o

Rendemenr sous pJuie
Rendement sous pluie (402 mm) + complement

(402 nun) d'irrigation (200 mm)
-. - - - - - - - - kg ha'i - - - - - - - ~ --

848 1964

45

90

135

Moyenne

PPDS 0,05

Pluviometrie along tenne (491 mm et ecart-type de 143 mm)
EvapotJanspiratioo potentiel1e - 557 mm.

stade doit etre respectee pour obtenir Ie
meilleur rendement en semence.

• Stade de croissance 1 (GS-I). La
periode allant de la germination ala
conversion du meristeme apical
jusqu'alors vegetatif en un apex
rcproductif. Les elements eMs
d'une bonne gestion sont Ie
controle des mauvaises herbes,
I' eau et Ies elements nutritifs.
L'apport de N-P-K est en general
fait au moment du semis pour eviter
Ie manque d'elements nutritifs.

• Stade de croissance 2 (GS-2), II
correspond au developpement de la
plante depuis l'initiation du
panicule ala floraison. Les apports
d'eau et d'elements nutritifs a ce
stade conditionnent Ie rendement
en semence, tout stress se traduisant
par une reduction du nombre de
grains par <\pi. Un second apport de
fumure azotee est en general fait a

1248

1573

2331

2834

1777

412
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2772

4040

4936

5784

3899

ce stade pour eviter tout stress pen
dant cette periode.

• Stade de croissance 3 (GS-3), II
correspond au remplissagc du grain
de la floraison a la maturite
physiologique du grain. Le manque
d'eau peut etre un facteur limitant
majeur pendant ce stade. II est
imperatif de satisfaire Ies besoins
en eau de la plante pour assurer un
rendement et une qualite eleves de
la semence.

Tout stress (eau ou element nutritif) qui
empechc Ie d6veloppement de se produire
normalement pendant Ie stade GS-2 peut
avoir des effets marques sur Ie rendement
en reduisant la taille des plantes (surface
foliaire et racinaire) et Ie nombre de
graines par panicule (Lewis et a!., 1974),
Le manque d'eau semble avoir I'effet Ie
plus netaste sur Ie rendement lorsqu'il se
produit pendant I'epiaison ou la
momaison (Musick et Grimes, 1961 ), Lc
stade GS- 2 est Ie plus sensible des trois



stades aux manques d'eau et d'elements
nutritifs, suivi de OS-3 et OS-I. Afin de
maximiser la production de semence it
faut s'efforcer de limiter Ie manque d'eau
ou d'elements nutritifs.

Conclusions

Le rendement eleve en semence
necessite one gestion correcte de la cul
ture a tous les stades de croissance et
developpement. Produire one bonne cul
ture requiert de faire attention a tout, du
cboix du champ ala recolte et au bartage
vannage. Tout manque de soin, quel que
soit Ie stade, choix du champ et
preparation du sol, la culture a
proprement parler - ecartemenl des rangs
et densite, gestion de la fumure (!aux,
dates et methode d'application des
engrais), besoms en irrigation, protection
de la culture, recolte et bartage vannage,
se traduira par one baisse de la qualite el
de la quantite de semence produite.
Puisque la gestion d'one culture a des fins

de semence est tres similaire i celie d'uoc
culture commerciale, toule modification
appropriee des pratiques de gestion des
cultures doit eire faite de maniere a
satisfaire les besoins de la region
concemee. Augmenter Ie rendement
moyen actuel de I t ha· 1 a 2.5 t ba· 1

necessitera on affinage des pratiques de
gestion des cultures.
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Resume des pratiques de gestion pour reussir la culture du sorgho ades fins de pro
duction de semence

-'c"'o""'''id<'''·'''rn!!1li''On''-- --'B'''''''n'''i,,n'''sn'ecifigt\e__.
1. Cboix du champ Limon sabJeux.1argileux, sol il texture tine

et preparation du sol Labour et hersage
2. Etablissement de la culture - Culture en bi11on~

Ecartemenl des rangs et 60-75 l:ro, 20-25 em entre poquets
densite 80,000 a 100.000 plams/ha

3. Gestion des elements nutritifs
Quantile d'engtais,
.Methode d'application
et calendrier

4. Besoin en irrigation

5. Protection de [a culture

6. Recolte et battage vannage

7. Srockagt

8 Unifonnite des champs
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Hasee sur les test pedologiques - N,P et K
9<J-120 kg N, 30 kg Pet 30 kgK

De fond au semis, lateral (15·15-15)
Appun llileral u'uric 4-6 semll.ines llpreS semis.
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Initiation floralo:~ ct floraison sont des moments importants POUt
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Sarc1age - 1-1 sarclages manuels
Application de fongicide/insecticide - parfois necessaire.
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cas.ure du grain a eviter.
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Conditionnement et
commercialisation des semences

A. Bruce Maunder

Introduction

Un besoin evident de I'agricuiture des
pays en voie de developpement est Ie
transfert de technologies, telles que
I'emploi de semences ameliorees
produites par les programmes nationaux
ou intemationaux d'amelioration des
plantes, au producteur, qu'il fasse de la
culture vivriere ou de rente.
Malheureusement les ameliorations
majeures realisees par la station
experimentale n' apparaissent souvent
que dans les rapports annuels et ne sortent
pas du cadre de la station experimentale
tandis que les rendements au niveau des
producteurs restent faibles. Le manque
d'infrastruetures adequates pour une mul
tiplication et une distribution effectives
des cultivars ameliores tels que ceux
derives de I'hybridation, lesquelles
necessitent une contribution de la part do
secteur prive est vraisemblablement Ia
cause de cet echec. Quelle que soit la cul
ture, I'existence de marches surs, de
superficies cultivees relativement vastes
et d 'un vrai desir de la part des
agriculteurs d'ameliorer les rendements
gnice al'hybridation sontl'indice que les
agricuiteurs pourraient beneficier de la
presence d'entreprises privees
sernencieres. Les avantages et les causes
vraisemblables de la reussite seraient: (I)
approvisionnement tiable, (2) qualitef
purete acceptables et (3) une meilleure
performance (Maunder et aI., 1994).
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Developper une industrie des
semences signifie assurer une rentabilite
acceptable sur les investissements sans
restrictions gouvemementales indues
puisqu'un capital risque sera necessaire.
Les entreprises de sernence privees rnais
locales sont une premiere etape logique.
Toutefois leur incapacite a surmonter les
fluctuations monetaires et leur manque de
fonds suffisants pour la recherche et Ie
developpement les mettent dans une posi
tion tres desavantageuse. Hisloriquement
les institutions publiques ne se soot pas
averees etre des fournisseurs effectifs et
efficaces de la semence hybride rnais elles
n'avaient pas ete organisees pour assurer
la production et la commercialisation. II
est au contraire extremement souhaitable
que Ie selectionneur de la fonction
publique fournisse une assistance tecb
nique continuelle et des encouragements
jusqu'il ce que Ie producteur de semence
devienne suffisamment competent et
experimente. Les nOU\'eaux venus au
commerce des hybrides doivent
s'anendre a une procedure plus complexe
avec tres tOl une formation a I'etranger
mais chaque pays possCde des individus
capables d'assurer cene activite. Une
reserve d'agronomes competents sera in
dispensable ala gestion des entreprises de
semence.

Au cours des soixante-dix dernieres
annees, depuis I'hybridation du rnals, de
nombreuses cultures de plein champ ou
maraicheres ont beneficie du phenomene
nomme en 1917 par Shull « heterosis »



(Crabb, 1947). Les exemples comptent
des especes avec des fleurs parfaites au
imparfaites et font appel ala sterilite male
genique au cytoplasmique, la protogynie,
I'incompatibilite et aux marqueurs
genetiques permettant la pollinisation par
Ie vent, les insectes au manuelle (tableau
I). Meme Ie palmier a huile, Elaeis
guineensis, qui fournit la principale huile
utilisee en cuisine pour la plus grande
partie du monde est en fait maintenant un
hybride FI derive du croisement manuel
dura x psifera qui pn~sentenon seulement
un rendement en huile plus eleve mais
aussi des graines avec de meilleures
caracteristiques.

Emplacement du controle
de production

La reussite de la production de
semence est souvent liee a la region
ecogeographique specifique choisie.
L'emplacement devrait etre determine
pour chaque region d'adaptation du
cultivar, celle-ci etablissant la perfor
mance recherchee des lignees parentales
relativement au nombre de jours sans
gelees, aux moyennes el extremes de
temperatures, a I'humidite relative, a
I' eau en quantite suffisante et au moment
opportun, souvent par irrigation, aux sols

bien draines et aux minimums de stress
biotiques ou abiotiques. L'absence des
mauvaises herbes apparentees ala culture
est certainement essentielle. Les unites
calorifiques qui assurent d'une part une
croissance normale et d'autre part la
viabilite du pollen sont aussi cruciales
qu 'une periode relativement seche pour
garantir une purete adequate ainsi que la
qualite de la semence. Les zones au les
maladies sevissent non seulement
reduiront les rendements mais peuvent
aussi empecher l'ecQulement de la
semence suivant les processus de com
mercialisation. Les mauvaises herbes
apparentees non seulement augmentent
les couts de production du fait de
I'epuration manuelle mais peuvent aussi
entrainer I' exclusion du marche de rangs
entiers de production.

De plus, Ja disponibilite en main
d'reuvre temporaire pour les travaux des
champs tels que I'epuration manuelle,
I' ecimage et la recolte peut affecter Ie
cout du produit final ainsi que sa qualite.
La main d'reuvre « non qualifiee »
necessite encore une certaine dose de for
mation. Le cout unitaire depend aussi de
la distance entre les champs de production
et les installations de conditionnement de
semence et Ie marche auquel cette

Tableau 1. Exemples specifiques de cultures de plein champ ou maraicheres attuellement hybridees
et Is methode de pollinisation.

MaYs
Sorgho
Ble
Colza
Toumesol
Riz

CJllturer...1k...plein champ Cultures O)araicheres

v Coton ;m Oignons , Courge
v ' Luzerne Brocoli Betterave v
v Palmier ahuile m Chaux-fleur Melon m
vi Mil v Chaux Concombre ;m

Castor v Tomates m Aubergine m
vm IBetterave asucre v Pasteque m Piment m

a s. Epinard y

v '" par Ie vent: i = transmission par les insectes; m"'" polHnisation manuelle.
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semence est destinee. Parce que Ie
materiel parental ainsi que Ie produit final
sont en general adaptes au meme
environnemenl, il est fon probable que 1a
production aura lieu relativement pres du
II1lIIChe avec la plus fone demande et que
ces zones de production verront
l'intensification de la culture consideree
afin de reduire les couts de transpon.

Equipemeot requis

L'equipement requis par la production
de semence dependrade ce dont disposent
les producteurs sous-contrat. cenains
engins couteux et compliques pouvant
etre foumis parfois par Ie semencier
comme par exemple. un applicateur de
pesticide et une recolteuselmoissonneuse
fixe ou de preference mobile. Suivant Ie
niveau d'intrants necessaire, cenains
equipements agricoles traditionnels
peuvent meme avoir a etre fournis. Les
equipements de conditionnement de 1a
semence constitueront l'investissement
principal en plus d'un batiment pouvant
servir a I'entreposage de cel equipement
et a celui de la semence. Le coin d'un tel
equipement estime sur la base des prix
americains pour Ie conditionnement tout
au long de 1a saison de 1000 IOnnes de
semence de cultures relies que Ie mais. Ie

sorgho et Ie toumesol peut approcher
75.000 dollars (tableau 2). Les sacs pour
la recolte, les cuves de Slockage. les bal
ances et les sacs en papier ou en tissu pour
Ie produit final ainsi que les produits
chimiques sont en supplements ainsi que
Ie sechoir. Des equipernents utilisables
peuvent deja etre en place comme ce futle
cas au Niger pour la production de
NAD-I. Ie premier sorgho hybride du
pays (L.R. House. 1997. communication
personnelle). De plus. les eontes de
semence deja developpees constamment
ameliorentleurs equipements. offiant sur
Ie marche leur ancien equipement de
conditionnement tout a fait fonctionnel a
des prix beaucoup plus interessants.
Entin. des entretiens avec des semenciers
experimentes s'averont fon precieux au
moment de menre en place une usine de
conditionnemenl de la semence efficace
et rentable.

Germplll5me, materiel de
base, production de hybrides

Sans recberche preliminaire au niveau
du germplasme afin de determiner el de
selectionner les meilleurs parents pour la
production d'hybrides, des Iigoees
parentales peuveot etre obtenues de
I'IARC. les ONG, NARS ou les CRSP

&P1jpnnen' de em1jtign"C'DC'l'

Table... 2. Eqllipomflotpo....oIIditio_t deaw..lOrpeOtlt08.-sarla_des
estimatio•• de cotlt au [tab-..U-:Db.=-~~~_

COOl .""'rir'Jin nt'lDC' pour r ClPYW'oo.
Nettoyeurs et calibreun. de scmcnce
Tneuse de longueur idCalC'
Cuve de pre-melan~

Apparei\ de traitemeol des SCInCDttS

Silo ill ele-valeur poeumatique
Tapis rnu1ants e)

Total
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S 31.000
000
:!.100
BOO
8000
11 000



(Collaborative Research Support Pro
grams - programmes d'assistance aux
recherches concertees) de I'USAID.
Comme ['a souvent repete L.R. House
suite a son experience en Inde, au Soudan
et en Afrique du Sud, ['importance d'une
augmentation significative des
rendements du premier hybridc au variete
commercialise ne peut pas etre trop
soulignee. En fait Norman Borlaug
considere que pour certaines cultures des
augmentations du rendement de I'ordre
de 50 % peuvent s'averer necessaires
pour assurer I' abandon des cultivars
locaux traditionnels (Maunder, 1997).
Des augmentations du rendement de 20 a
100 % par rapport aux varietes sont
frequentes chez les hybrides de cultures
telles que Ie sorgho, Sorghum bie%r (L.)
Moench, en plus d'une amelioration de la
vigueur des plantules, d'une f1oraison
plus precoce de 5 a 10jours et d'un poids
volumetrique plus eleve, sans mentionner
la plus grande facilite de supporter les
stress biotiques et abiotiques si souvent
associes a celle culture.

Materiel de base

Le niveau de disponibilite des reserves
de semence parentale determinera Ie
besoin en maintenance du materiel de
base. Si la semence de base fait partie de
I'industrie des semences, il faut etablir
des parcelles plus petites de multiplica
tion des lignees pures encore plus
strictement isolees afin de satisfaire les
criteres de certification/purete. II peut
s'averer necessaire de multiplier toutes
les lignees pures utilisees dans la produc
tion it grande echelle ainsi que par
croisement simple si les hybrides sont it 3
ou 4 voies. La sterilite miUe necessitera la
production de la lignee A au femelle a
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partir du croisement simple A x B, la
lignee B etant genetiquement identique a
la Iignee A mais passMant Ie cytoplasme
normal permettant la production de pol
len. La necessite de maintenir des stocks
de semence suffisants en quantite et en
qualite lorsque aucune autre source n'est
disponible est un element important de la
reussite d'une entreprise semenciere. La
ou les entites de recherche disposent de
I'equipement et de la main d'reuvrc
necessaires au maintien du materiel de
base, les nouvelles entreprises qui se
lancent dans la semence ont plus de
chance de reussir.

Production de semence hybride

Le processus de production implique
de nombreux parametres dont certains
sont contr61ables et d'autres non, ce qui
fait qu'il est impossible de donner des
informations specifiques it chaque culture
dans Ie cadre de cette presentation. Le
renvoi au tableau I mentionne plus haut
est crucial parce que la transmission du
pollen pendant 1'hybridation peut affecter
de fayon significative ces differents
parametres.

D'abord les producteurs, souvent sous
contrat, doivent etre reperes pour la pro
duction effective de la culture. II doit
s'agir des agriculteurs les plus
progressistes de leur communaute. Plus
ils sont interesses et prepares it cooperer,
plus la culture a de chance de reussir. Si
possible, iis devraicnt avoir acces it
l'irrigation et offrir des sols
raisonnablement uniformes non toxiques
et sans problemes d'engorgement par
l' eau. Certaines provisions dans Ie contrat
peuvent s' averer necessaires pour assurer
des apports suffisants d'intrants



chimiques pour la reussite de la culture.
Les producteurs de semence peuvent
foumir la main d'reune necessaire pour
les travaux en champs tels que I'ecimage
et I'epuration manuelle. La remuneration
peut varier mais est souvent basee sur Ie
prix sur Ie marche plus une prime par
unite de poids de semence ..ecoltee qui
doit eire sufftsante pour attirer les
meilleurs producteurs.

La reussite de la production d'hybride
depend du semis d 'une semence parentale
(de base) de haute purete et de qualite
elevee suivant un calendrier correct afin
d'assurer Ie synchronisme de la
pollinisation et suivant un rapport correct
de plantes femelles a plantes males pour
obtenir un volume adequat de pollen. Ces
rapports corrects sont par exemple pour Ie
sorgho 3: I, pour Ie mais 2: I a 4: I, pour Ie
tournesol2: I a 7: I et pour Ie ble I: I a 3: I
(Wright. 1980). Les rapports pour les cul
tures potageres varient aussi entre I: I et
4:1 (D. Homes, 1997, communication
personnelle). La largeur des rangs, la
facilite des mouvements et I'abondance
(volume) du pollen sont d'autres
parametres importants. La oil Ie
synchronisme depend de
I'environnement. meme d'une annee a
I'autre, deux ou plusieurs dates de semis
des plantes males sont utilisees aftn
d'etaler la production de pollen sur
plusieurs jours et d'assurer ainsi une
bonne production de semence. Un bon
synchronisme constitue Ie meilleur
moyen de reduire les hors types dans Ie
produit final et de permenre aux plantes
steriles d'echapper a des maladies telles
que I'ergot du sorgho. Des etudes de dates
de semis pour determiner les decalages
les plus probables sonl fortement
conseillees pour tOUles les lignees
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parentales ou celles qui ont Ie plus de
chance d'etre utilisees. L'epuration
avant. pendant et apres la pollinisatioD est
une activite essentielle a la maximisation
de la purete et II la satisfaction des
exigences en inspection. Une autre
difliculte de la production d'hybride
consiste a assurer un isolement adequat
,is-a-vis de pollen non sterile tel que celui
des cultivars commerciaux etou de
mauvaises herbes apparentees dont
certaines peuvent produire des hors-types
d'une nature extremement inacceptable
tels que des rhizomes ou la dehiscence des
graines dans Ie cas du sorgho.

La ..ecolte doit renforcer la purete de la
semence ainsi que sa qualite. En general
Ie male parent doit etre elimine en premier
afin d'eviter toute contamination.
Souvent une epuration avant-..ecolte est
effectuee selon les difficultes rencontrees
pendant loute la saison de production
dans Ie champ considere. Oil et quand
c'est possible la ..ecolte sera effecruee
d'uoe maniere qui e,;te I'utilisation d'uo
sechoir ou I'application d'un agent
dessechant. Vne forte humidite a la
..ecolte accompagnee de Imp de chaleur
pendant Ie sechage force peut entrainer
I'entree en dormance, une reduction du
laux de germination ou un \ieillissement
premature, un etat souvent associe aIL"
degats de gelleger. A ce stade il faut faire
tous ses efforts pour euqueter a\ ec soin et
conserver en lots separes des quantites de
semence qui representent des zones
particulieres du champ. Ces lots sont alors
soumis a des contr6les de purete qui ne
louchent done qu'une fraction du champ
et ceci permet d'eviter d'avoir a trop jeter
au cas oil un probleme de contamination
apparaitrait.



La revue des exigences de la produc
tion d'hybrides met en lumiere Ia
complexite de cette production et suggere
de faire appel a nne assistance technique
exterieure pour demarrer une industrie
des semences hybrides. De nombreuses
personnes ayant nne expertise dans la cul
ture consideree peuvent servir de
conseillers a court terme. La OU la recher
che d'etat ou internationale a developpe
un cultivar hybride specifique, Ie
selectionneur ou I'agronome responsable
ameliorera considerablement les chances
de succes en se mettant a disposition pour
donner des conseils et resoudre les
problemes toul au long de la saison de cul
ture. De plus, les risques de faible
rendement des parents femelles, de condi
tions rneteorologiques defavorables et de
non-satisfaction des criteres de purete
convergenttous en faveur d'une interven
tion du secteur prive dont les entrepre
neurs acceptent de prendre un certain ris
que en vue de realiser un profit potenliel,
nne attitude peu courante dans Ie secteur
public.

Commercialisation, distribution et
service

Une fois que la semence est produite,
les attributs du cultivar doivent etre
specifies au producteur commercial et la
semence mise a la disposition des
acheteurs. Cec i peut etre realise (1)
directement a partir de I' entreprise
semenciere elle-meme, (2) par
I'intermediaire d'un commerce ou tout
autre type de negoce ou (3) par
I'intermediaire d'agriculteurs negociants,
l'approche la plus communement utilisee
aux debuts de I'industrie des hybrides aux
Etats-Unis. De plus gros negociants
capables de fournir des services
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supplementaires peuvent finir par
predominer sur certains marches. Cette
tendance est apparue afin d'assurer nn
meilleur financement et service
apres-vente. Les grosses entreprises de
semence etendent aussi une aide
agronomique a leurs clients. Cette assis
tance technique tente de fournir les
informations relatives au produit et les
informations concernant les problemes de
production qui ont Ie plus de chance de se
produire, comme les stress biotiques et
abiotiques, elleurs solutions. Au moment
de l'achat, Ie producteur devrait recevoir
des informations supplementaires
concernant 1a germination. 1a purete, la
taille du grain et meme des numeros de lot
specifiques.

Faire de Ia publicite pour Ie produit est
absolument essentiel dans un
environnement de concurrence. Peut-etre
un des moyens les plus efficaces et les
plus economiques est de faire des
demonstrations en champs soit seul soit
en collaboration avec une agence
gouvernementale de conseil agricole. Des
reunions de producteurs sont souvent
organisees sur ces parcelles de
demonstrations afin d'encourager la dis
cussion des attributs et des Iimites des di
vers hybrides, les chiffres de produc
tionJrendement aidant a convaincre Ies
producteurs d'abandonner leurs vieilles
varietes traditionnelles et de passer a la
culture de semence amelioree. Ces
reunions peuvent aussi avoir lieu entre les
saisons de culture quand les mises a jour
relatives aux pratiques cuHurales,
insectes, maladies, mauvaise herbes, aux
moyens de les controler et aux besoins en
elements nutritifs peuvent etre discutees.



La determination du prix de la semence
et Ie recouvrement des paiements des
ventes doivent eire deux priorites. Aucun
chiffre speeifique ne pent eire foumi ici,
mais Ie prix de la semence d'un
producteur sous contrat, les depenses de
commercialisation et de publicite, et Ie
cout de la recherche eventuelle, doivent
tous eire pris en compte pour determiner
Ie prix de la semence qui doit aussi
permettre a rentreprise de semence de
realiser un profit raisonnable sur son
investissement et qui doit eire competitif
avec Ie prix du meme produit ou des
produits similaires foumis par d'autres
enlreprises. 1\ faut se souvenir que Ie
producteur fera ses propres calculs et un
point de sera la possibilite de faire un
profit par rapport au cout potentiellement
plus eleve de sa semence. Dans la plupart
des pays utilisant des hybrides,
I'investissement dans la semence est
relativement faible par rapport aux
potentiels accms de rendements plus
eleves et de revenus supplementaires.

Conclusions

La reussite d'une entreprise
semenciere. une fois I'infrastructure mise
en place, dependra de nombreuses vari
ables dODl Ie volume a produire pour
satisfaire de maniere adequate la
demande. 1\ peut etre necessaire de
produire de 25 a30 % en plus pour palier
aux problemes logistiques de la distribu
tion. a I'evolution des systemes de cul
ture, aux eliminations eventuelles en rai
son d'une mauvaise quaIite, et assurer des
gains competitifs. Comme il a ete declare
plus haut, les causes probables du succes
comprennent non seulement un
approvisionnement sur mais aussi la
conformite aux normes de purete et de
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qualite et la credibilite. Dans les pays en
voie de developpement, cene garantie de
la conformite vraie au type 011 de la per
formance peut eire un avantage suffisant
pour la reussite de I'entreprise. La
troisieme raison, peut-elre la plus
importante. justifiant la mise en place
d'une entreprise de semence est de
produire et de distribuer aun ensemble de
consommateurs un produit avec un
rendement suffisant et presentant un
avantage de qualite ou d'autres avanlages
agronomiques afin d'accroitre la
renlabilite de I'activite ecooomique du
consommateur ou du producteur qu'il
vende la graine ou qu'il produise une cul
ture supCrieure. La possibilite de profit
encourage I'amelioration de la quaIite et
de la performance, ce qui n'est pas nne
caracteristique naturelle du secteur pu
blic.

Pour demarrer. une entreprise
fiuctueuse a besoin de pouvoir obIenir
suffisamment de capital de depan aupres
d'un indi,;du ou d'nne organisation et
doit accepter d'apprendre la conduite de
I'affaire pour pouvoir ensuite devenir un
pilier des industries agricoles. Parfois
meme Ie meilleur planning peut mener
dans les faits a une production
insuffisante ou excessive qu'il faudra
alors stocker dans des entrepOts adequats
pour maintenir la qualite de la semence.1I
aura loujours des problemes au niveau du
recouvrement monetaire des ventes, mais
il s'agit d'une entreprise et ces difficultes
font parties du risque. Suivant la taille et
Ie niveau de la concurrence, la perfor
mance du produit doit developper un
marche d'une laille suffisante pour sup
porter r industrie des semences existante.
Suite ala reussite ace premier niveau. il
sera possible de mettre en place une



activite de recherche propre aI'entreprise
afin de produire des produits ameliores
avec droits de proprietes. L'Inde est sans
aucun doute Ie meilleur exemple recent.
Le secteur prive y represente aujourd'hui
60 % (en valeur monetaire) du marche
officiel des semences pour Ie sorgho et Ie
mil (Maunder, 1997). Selon une enquete
de Pray et al. (1991), environ dix-sept
entreprises possedaient des programmes
de recherche et developpement pour ces
cultures et ont depense en moyenne
quatre pour cent des ventes de semence en
recherche et ont employe 31 titulaires
d'un Ph.D. et 45 d'un MS.

La realisation d'un benefice sur les
milliards de dollars investis dans
I' agriculture afin d' ameliorer
I'agriculture des pays en voie de
developpement, necessitera un secteur
prive semencier fort. Seule cette
evolution avec I' appui des fournisseurs
d'autres intrants fondamentaux tels que
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les produits chimiques et les
equipements, pouna permettre aux
principes fondamentaux et etablis de la
recherche agronomique de rapporter Ie
profit necessaire aI'humanik
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Production de semence5 sur les
ameoagements bydro-agricoles

M, Naroua Djibo et M, Jean Jac:ques Sc:balbroek

Les amenagemenls bydro-agricoles
(A.B.A.)

L 'ONAHA: sa IfIission d son otglJnislJ
lion

L'Office National des Amenagements
Hydro-Agricoles (ONAHA), cree en
1978 pour maitriser la creation ella
gestion des A.H.A .. se presente
aujourd 'hui comme I'instrument
privilegie de la politique nationale de
developpement rural dans Ie secleur de
I'agriculture irriguee. Apres avoir gere
direclement les amenagemenls,
I'ONAHA s'est oriente progressivemeot
vers un role d'appui au mouvement
cooperatifpour son accession 3 une reelle
autogestion. Depuis 1982, tous les
amenagernents sont organises en
cooperalives responsables de Ja
planification et de la gestion de leurs
acti~;tes. Devenu Etablissement Public a
Caractere Industriel el Commercial
(E.P.I.c.) en 1984, I'ONAHA est dote de
la personnalite civile et de I'autonomie
financiere. II assure une triple mission :

• la realisation des amenagements
hydro-agricoles pour Ie compte de
l'Etat,

• Ie fonctionnement, la gestion et
I'entretien des amenagements hy
dro-agricoles y compris la forma
tion des coopirateurs,
la mise en place et!ou I'evaluation
des amenagements
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• La Direction GeneraJe se trouve a
Saga (3 10 !un de Niamey). Elle
comporte trois centrales. la Direc
tion Administrative et Financiere
(DAF), la Direction de la Mainte
nance et du Materiel (OMMI et la
Direction de la Mise en Valeur
(DMV) et deux cellules, Cellule de
Suivi-Evaluation et la Cellule de
Controle el Gestion. Cinq Senices
Regionaux ues, respecti"emenl a
encadrent lies amenagements de
ces regions Tillabery, Niamey.
Gaya. Konni-Maradi el Diffa. Ces
Services Regionaux soot ranachesa
la DMV el en contact direcl a,'cc les
cooperatives. Vne restru· cturalion
de I'ONAHA est acruellemenl en
cours de preparation. Elle permettra
de recentrer les activiles de roffice
sur ie •• service public )) (entretieoet
maintenance des amenagements.
actions de vulgarisation agricole.
production de semences. recherche
et developpement) et de reotabiliser
Ie potentiel humain et Ie materiel
disponible par la realisalion de
tra,·au.~ neufs.

Les Cooperatives

Afin d'assurer la "iahilite des
perimetres irrigues, les resolutions du
Seminaire de Zinder (1982\ ant
encourage la parlicipalion des
producteurs ala gestion des cooperati,·es
et a leur contrOle. Ce soot au total 47
cooperatives qui soot encadrees par
I'ONAHA, pour 306 groupements



mutualistes de production, rassemblant
environ 30.000 exploitants.

Les principales caracteristiques des
A.B.A.

Les principales caracteristiques des
AHA sont donnees dans Ie tableau I. La
majorite des AHA sont situes en bordure
du fleuve (36) d'oi! ils tirent l'eau
d'irrigation par pompage (AHA de
Tillabery, Niamey, Gaya). Les
amenagements de Konni sont irrigues a
partir des barrages construits sur des cours
d'eau temporaires (retenues colineaires),
et ceux de Maradi apartir de forages. Les
amenagements de Diffa sont irrigues ii.
partir de la riviere Komadougou et
beneficient d'un complement d'irrigation
a I'aide de forages. Ce sont au total
quelques 13.000 ha qui ont ete amenages.

I.e riz est surtout cultive en bordure du
fieuve sur les territoires des Services
Regionaux de Ti1labery, Niamey et Gaya.
La polyculture est pratiquee dans les SR
de Konni et Diffa avec comme cultures
principales, Ie ble, l'oignon et Ie poivron
en saison seche, Ie coton, Ie sorgho et Ie
mil en saison d'hivemage (tableaux II et
III).Les SR de Niamey et Tillabery
consacrent 200 ha aux cultures
maraicheres, dont Ie haricot vert pour
l'exportation.

La production de semences
selectionnees

I.e programme de production de
semences selectionnees dans les A.H.A.,
a demarre dans Ie cadre de la Cooperation
Nigero-Belge qui a finance la construc
tion de la Ferme Semenciere de

Tableau I. Principales caraeterlstlques des amenagements hydro-agricoles enudres par
l'ONAHA.

Riz (3.551 hal
Maraichage (54 ha)

16

Superficies netles Affectations des superficies
Cooperative irrigables Exploitants GMP'" nettes irrigables

__-'(l!Jn"'b,.."')!- -u(h~ (nhre) (nbreL.~_~~~~("ha"-') _

Service Regional de Niamey

3.605 9.242 74

16 4.373

Service Regionl de Tillabery
9.771 S7 Riz (4.194 ha)

Maraichage (140 hal
Polyculture 09 hal

4 672
Service Regional de Gaya

840 28 Riz

7 4104

Service Regional de Konni'*

5.514 109 Polyculrure

4 304

Service Regional de Dlffa

733 8 Polyculture (208 ha)
Riz en hivemage (96 ha)

47 13.058
Total General

26.100 3M

Groupeml:nt Mutualistc de Production
*·englobe les illIIenagements de Maradi

Source: ONAHA. Nole de presentation (l994)
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TablouD. S.....1Ideo_ de_.... prod..- ......_' : ••'S ...........
Senica R de I'ONAJIA .. _ d'IlIvcraaKc(-~' I_"
1995).

SupcrficlCS Rend<m<n" ~ Supcmcoe.
(hal ftha) III (·.....oa...

C_
Senic< ROgiooaI de KOMi 1.605 1.819 2.910 42.5
Seni", Regional de Diflii 0 0 0 0
Moyenne 1119

T""" 1.6.5 1.911 W

SerPe
Service RtgionaJ de Kooni 1.411 1.169 :t49S P.4
Sen;ce Regional de Diffa 0 0 0 0
Moymoe 1169

T""" 1.411 1.495 37,4

Mil
Senio< Reg;onaJ de KOMi 103 \.12'1 194 \M
Senic< Reg;onaJ de Diflii 0 0 0
Moyenoe I 129

T""" 113 ~ .M
A__... ,............... .-,

Seni", Reg;onaJ de KOMi 5l 1.4
Sgv;", Re.iona! de Diflil 3 0,1

T""" 55 •.5

T_Gallnol J.n4 .....

SAADIA·AVAL (1984-1990), pour la
production de semences de riz. L'appui
de ('AGeD (Administration Generate de
la Cooperation au Developpement.
Belgique) s'etend actuellement aux cul
tures de sorgho, de ble et de coton. La
phase actuelle d'uoe duree de trois arts
couvre la periode 1998-2000 meusle
projet a demarre depuis 1995. Les
activites realisees portent sur
('identification des varietes a proposer
aux agriculteurs, sur leur \ulgarisation eI

sur la production des noyaux semenciers.

Liz rizicultun ;rrigui~

On peut signaler cinq poinlS forlS de la
riziculture irriguee nigerienne : r organi
sation des agriculteurs en cooperatives; la

119

double culture annuelle avec un
rendemenl moyen de 4,5 tilwcampagne ;
Ie labour generalise par la traction bov'inc
; Ie recours aux semeDces selectionnees el
leur trailemenl ; ('utilisation de quantiles
importantes d'engrais. les deux varieles
cultivees, IR 1529 (99 % superficies) et
BG90-2 sur 380 ha a Saga SODIsensiblesa
Ia marbrure jaune (RYMV). l'experi
mentation varietale conduile en 1996 et
1997 par I'ONAHA (appui du Projet
Semencier) en collaboration avec
I'INRAN a permis d'identifier deux
vanetes (\\1TA. 8 et WITA. 9) issues du
programme d'amelioration varielale de
I'ADRAO pour la tolerance ala marbrure
jaune. Ces deux varietes fonl
actuellement ('objet de multiplications a
la Ferme Semenciere (semences de



Tableau III. La Polyculturc: Superficies cultivees, rendements et Productions sur les
amenagements gen'is par les Services Regionaux de I'ONAHA en saison secha

_____-'t-'m"o"-y-'eo"'u"'eccdes annee-"-'1-'9-'9-'4-'e-'t-'19-'9-'5-').'-- ~

Superticies Rendements Productions Superficies
(ha) (tAla) (1) {%.du total)

BLE
Service Regional de Konni 879 3,08 2/8-5 82.0

Service Regional de Diffa IJ 1,69 22 1.2
Moyenne ----l.QL~_,

Total 892 2,7270 83,2

OIGNONS
Service Regional dl;: Konni 116 38,4 4,457 10,8

Service Regional de Diffa 4 22,5 9{) 0,4

Moyenne

Total 120 379 4,547 11,2
POIVRONS

Service Regional de Konni 0 0 0 0

Service Regional de Diffa 47 1,64 77 4,4

Moyenne 1,64

Ttltal 47 77 4,4

AUTR(S CULTURES (tomates, piments, choux)
Service Regional de Konni 11 1,0

Service Regional de Diffa 2 0,2
Total 13 1,2

Total General 1.072 100,0

prebase a contre saison et semences de
base pendant I'hivemage en 1998) pour
suivrc par Ia suite Ie schema elabore pour
Ia production de semences selectionnees
de riz (tableau IV).

La production des semences de riz re
pose sur la Ferme Semenciere de
Saadia-Aval (cooperative responsable de
Ia production primaire)et sur les
agriculteurs multiplicatcurs (agriculteurs
charges de la multiplication secondaire
dans chacune des 35 autres cooperatives
rizicole). Autogeree depuis 1990, elle a
prouve sa viabilite. Le schema de produc
tion et de diffusion elabore en 1992
prevoit Ie renouvellement des semences
toutes Ies cinq campagnes sur l' ensemble
des perimetres. Chaque cooperative doit
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donc produire ses propres semences avec
ses agricuHeurs multiplicateurs pour
quatre saisons sur cinq. Celte production
est aeffecluer au cours de deux saisons a
raison de deux jeux de semences par
saison.Le nouveau schema mis en place
consiste it renouveler Ies semences
chaque saison en achetant it la Ferme
Semenciere que la quantite necessaire aux
agriculteurs multiplicateurs. L'INRAN
est responsable de Ia production des
semences de pre-base. En outre, ce
schema prevoit de semer Ies semences
produites I'annee precedente et non plus
la saison precedente,



6,900

Cal¢&orics produilO_ bo><

Base

Premiere rrproductioa
R1

Deu.-,ieme reproduction
R2

PriIIdpUa CllMldlrisliq,,-".d........ ft prod.~ft...a_de rU."---__
SuperflC'les mI.-,imales P'rodaJcoJ(oftS ma.umaIes

Ilia) _-'Illll _

O~~ 1.0

25 I~

300 .;60

Agricuheurs non muitiplicalC'Un

I'roducteun
l1>iRAN
Fmne Semeocitre
Agriculteurs multiplicakurs

Tab.... 1\'.

Tabl.,.. V, s......... d. bJ< produll.. tl dilfusift .. sabuII .... 1996197,(~ s.s.
19971'J8)

Konni I et II
~Di",·inI~..~w~a__~~__~~ ~~_~Q~71hi .. QJ_~ha

Total Q,74u UIIU 2%0---"1. 1..72 .. .....,tJIoa

Toul
-"C,,__'....,'v"'es'--- y.arietC.fl...mIdaouaL.· , \'~!....k2dcra".... Scmcoces

_~S~up"',~_~R~dt.~ Prod Suo, Rdt. ""'" _, _
0.14 ha 4.0 t ba :!960 kg ~8;q k,

!'lOO Y !'lOO-.y_
_~k-~.!.!<&-

• El~.w.e- = "1don Rojo

"EI Koden.'A'a '"~

La polycultll't!

Le programme de production des
semences selectionnees conceme les cul
tureS de ble. de coton et 5Orgho, II est
mene au niveau de trois cooperatives
(Konni I et II. Djiratawa) aupres
desquelles les autres cooperalives
pourronl se ravitailler en semences. 1\ est
anendu de ce programme un laux de
couverture en semences selectionnees de
90 % pour Ie sorgbo el Ie ble el de 100 %
pour Ie coton d'ici ran 2.000 soil une pro
gression de 30 % par an. La principale
speeificite dans Ie cadre de la polyculture.
esl la participation financiere de chaque
agriculteur a la constitution d'un fonds
semencier au niveau de chacune des trois
cooperatives par la maJoration de la
redennee de 500Ffhaicampagne. Ce
fonds qui est aussi alimente par Ie Projet
Semencier sous fonne de prefmancement
des operations en COUTS. permet aux dites
cooperatives de : garanlir raehat des

semences produites par les agriculleurs
multiplicaleurs pour les besoins de la
campagne (objectifde 30' .. ); prefinancer
les inlrants et les autres operations
speeifiques ; assurer I'achal a I'INR.-\S
des semences de prebase (ble et sorgho) :
filire face aux charges de manutention.
conditionnement et diffusion des
semences : d'une maniere generale
indemniser certains producteurs, dont les
agriculteurs en bordure pour la produc
tion de semences de sorgbo hybride.

Ce SOn! les memes agricuheurs qw
produisenl les semences de ble el de
sorgho, ce qui fait d'cox, des polentiels
professionnels des sernences.

Demarche et itapes Sunies

Sorgho t!I Bli

Lc programme de production de
semences de ble el de 50rgho e\"olue
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Tableau VI. Semences de ble produites en saison seche 1997/98

Cooperatives
Varietes Variete~

El madaoua £1 koderawa

7.000 kg 1.800 kg
7.000 kg 3.600 kg
6.300 kg 1,5QQk~

.--J,2",0.3"'O"'O"'kgolL- -J6"".9!ll!..!!l:-

Total

8.800 kg
10600 kg
7.800 kg

27.200 kg

conjointement avec un programme de re
cherche & developpement qui permet
chaque annee de redetinir les objectifs de
multiplication des semences. La
demarche adoptee et les operations
realisees peuvent se resumerainsi : identi
fication pn:alable de toutes les varietes
cultivees et leur importance relative (par
l' encadrement ONAHA et les
agriculteurs) ; delimitation des blocs
semenciers pour Ie sorgho hybride
(agricuI- teurs multiplicateurs et de
bordure) par I' encadrement ;
approvisionnement et prefinance- ment
des intrants (semences, engrais, produits
phytosanitaires) ; pretinancement du la
bour ; epuration des parcelles semen
cicres ; operations de recolle, transport et
battage ;conditionnement des semences ;
tests de germination; ditfusion (vente)
par la cooper.- tive ; enquete sur les
superficies emblavees.

II est Ii signaler que la production des
semences est financierement prise en
charge so it directement par les
agriculteurs multiplicatcurs, soit par les
cooperatives. Celles-ci pn:financent
certaines operations avec I'appui du
Projet Semencier et repercutent les couts
de production dans Ie prix de la semence.
L'intervention du projet est conc;ue de
sorte que les cooperatives puissent d'ici
deux ans financer elles-memes nne pro
duction rentable de semences.
L'encadrement de tOUles les activit!" est
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assure par Ie personnel de I'O.N.A.H.A.
L'INRAN a dispense Ii ce personnel une
formation dans la production de semences
hybrides L' INRAN fournit egalemcnt
chaque saison les semences de base pour
les champs semenciers.

Colon

La production de semences
selectionnees de coton a debute en saison
d'hivernage 1998 et se fait en collabora
tion avec la Societe Cotonniere du Niger
(S.C.N.) qui prefinance Ies intrants et as
sure Ie suivi des operations dans
l'encadrement de I'O.N.A.H.A. La pro
duction a debute avec un hectare de
semences de souche de la varlete STAM F
provenant de I'INRAB (Institut National
de Recherche Agronomique du Benin).

Resultats obtenus et activites en cours

Bit!

Les semences produites permettront
d'atteindre I'objectif de diffusion pour la
SS99, soit quelques 225 ha ou 30 % de la
superficie de ble dans Ies A.H.A. (environ
800 ha). D'apr';s les resultats des essais
demonstratifs de 1997-1998 les
rendements des varletes EI Koderawa et
EI Madaoua sont superieurs de 20 Ii 25 %
aux rendements des autres varietes
actuellement cultivees.



Sorgho

Le programme a demarre en saison
d'hivemage 1997 avec les trois varietes
retenues par les agriculteurs (SEPON 82,
y, MSB, NAD-I). La production de
semences de NAD-I a ete confiee un
agricuheur dans chacune des
cooperatives de Bimi N'Konni et adeux
agriculteurs donI les champs sont
contigus a Djiratawa. Les "arietes y,
MSB et SEPON 82 ont ele respec
tivement produites par un agriculteur Ii
KONNI II et un autre aDjiratawa.

II faut signaler que \a production de
semences de sorgho hybride par les
agricuiteurs multiplicateurs en saison
d'hivemageest une premiere au Niger. La
production de semences de sorgho
hybride NAD-I necessile un suivi
rigoureux et une formation particuliere
des agriculteurs multiplicateurs. Tout doit
etre mis en reuvre pour assurer une bonne

synchronisation entre la periode de
receptivite de la lignee femelle
androsterile et la liberation du pollen de la
Iigneemaile.Lalignee femelle fleurit en
viron une semaine avant la lignec maile. II
faut donc recourir ades semis l!chelonnes
de la Iignec maile qui, pour etre efficaces
necessitent des complements d'irrigation
et d'engrais azote. En outre. pour eviter
toute pollution sexuee, les parcelles de
sorgbo qui entourent les blocs semenciers
ne peuvent etre cultivCes qu'avec Ie par
ent male. L'epuration pone en periode de
tloraison sur I'arrachage des plants
femelles androfertiles et des plants rrniles
non conformes. En periode de maturation,
tout plant femelle presentant une panicule
non conforme au type de panicule
recherche doit etre arrache. Les resultats
obtenus en saison d'hivernage 1997 et Ie
programme en cours (SH 1998) sont
detailles dans les tableaux VII aXII.

Tableau YD. VarIetft de- sorgbo culttvm daDS Ia .meaageRle.1S .yd... acaicoles .. BinJ
N'KotIm Of"" Mandl .. _ d'allta I 1997.

S ..... glllyl..
Koani I Konni n Konai I - KoaDi D D.J- KoaPi-Dj......

Varietes ba ha ba " ba ., ha "
s. "bC1lllMP

EIT.....wa 270 393 663 72 0 0 61'3 ~

Jujare 88 87 175 19 0 0 1'75 16
Mota Rouge 0 0 0 0 38 26 38 •
Autr<s SO 0 50 5 , I S~ 5~

Togal: - .- - ,. it 17 m -----..fL_
~rcc .e 1''' par rC\]lA.'\

~,MSB 0 0 0 0 5' 39 ~: 5
Sepoo 82 2 10 12 I J" !'l '9 5
(RAT 204 0,2 12 12 I 0 0 12 1

NAD-I 0 2 2 OJ 5 9 I

Teblu 2 U 26 2 III " 127 12

ilion M.(.kn~Itfwn..""P'k'1ftU1)
Var. divenes 3 6 9 I 5 3

"TOTAUX
Var. dhrencs 413 510 92J 100 146 100 1.069 100
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Conclusions

La production des semences de sorgho
hybride presente beaucoup de risques
pour les agriculteurs multiplicateurs
notamrnent acause de I'instabilite dans
I'implantation des semis, qui peut avoir
des consequences nefastes sur Ie
developpement des plants milles et
femelles et la synchronisation. Cette
activite necessite une presence
permanente aussi bien du producteur que
de I' encadrernent ON AHA sur la
parcelle.

La centralisation du programme au
niveau de la cooperative offre plusieurs
avantages:

• Constitution de fonds semenciers
qui garantissent la commerciali
sation pour les agriculteurs
multiplicateurs.

• Prefinancement et coordination des
operations.

• Reduction du COllt d'isolernent des
blocs semenciers.

• Facilitation du controle par les
agents d'encadrement.
Organisation du programme de dif
fusion.

• Possibilite de contrat de fourniture
de semences avec d' autres
organismes ou Projets.

Cependant, meme si Ie cout de la
sernence hybride (650 cfa a 800 cfa/kg,
NAD-I) ne constitue pas un frein asa dif
fusion, Ie renouvellement des semences
chaque annee est tres mal per9u par
l'agriculteur nigerien. Ceci est d'autant
plus justifie qu' il serait parfois difficile de
trouver un stock suffisant de semences de
sorgho hybride pour resserner.

Tableau VIII. Synthese des resultats enregistres dans les essais demonstratifs de Birni N'Konoi et de
_____Djiratwa (E~sais S!-DS cecidomie), _

___,Rendem~1!!L-__ Hauteurs Panicules Floraisons Maturite
% of mota des plants par poquet 50% 80%

Variety tlha blanc (em) (nbre~) (ij) (iD

Varietes locales

EI Tsedawa 3,14 98 295 3,1 57 73

Janjare 2,93 92 328 3,0 62 80
Mota Blanc 3,19 400 302 3,3 72 90
Mota Rouee__~ ~ 2_8_7 3L 51 80

______________ VarietesJlti'[NRAl'I_" _

~J2 MSB 3,10 97 258 2,7 64 89
Scpon 82 3,95 124 176 3,1 66 90

[RATZ04 2,61 82 [59 3.0 60 84
90 SN 7 2,82 88 244 2,89 63 87
-'NuAD"""--'-'I~__~JL. 13L____1_9_[ ~ ~__~_

_________-'"P...."r,e"ot male du sorgho hybrideN-~ _
~M~R~73"'2~ 1A!L__~__..JQL__._l,'L ~ 92__.

Nbres d'essais 6 6 1$_ 5 6

Rendements: CV residuelle == 28.2 % ; PPDS (0,05) '" 1,02 Vha.
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Tab.... VID. S)'IItWotIln risuJto ecbft..............l' .......Jifsdo BIrui N'Koui ddo
Djinhra (I:ssals _1IIk~~ _

Rcndcmcnts Hauteurs Panicules Flonoons MoJum<
-.ormota des plants porpoqud SO'o 80".

Variety .ba b:anc lem) (Dim) fii) fli)

'"ariftfs ....In
EI Tseda~.'lII J,I4 !>Il 295 J.I 51 -J
Janjari 2.93 91 328 J.O 61 80

Mota Blanc J.19 400 302 3.3 n 90

MocaRouge .2 81 88 281 31 51 80v_ do 1·r..JlA.~

I~MSB J.lO .7 :!S8 :!.1 64 89

Sepon 82 J.95 12'- 176 J.I 66 90

IRAT 204 2.61 82 159 J.O 60 84
90 SN 7 2.82 88 244 2.89 6J 81
NAD-l 4.20 1'7 \91 3,1 66 89,-.

Para' ..iIe d....... 1II'"brtdrS~J
"fR 132 240 .5 161 2.9 10 9'
~1JRS d"nsaiI 6 6 6 5 6

Rendcmcnts: cv rUidur:Uc"'" ~B;"; PPDS (O.OS)". 1.02 t ba-

Tableau VIlI..R..uIta" lin ••qu.... varletaJes sur Ie sorgbo : Ia mdIIeoJre'llriOCe' poIIIuIsa_1I
bre ..10.... agricul'.un

Varietes ou Konm 11 et: m
lign¢es Konni fI et: III Ojitala", et~....

TOl3tU .'. TOIa1g. '" T...... '"\'arlitls • poIIIaIaliHlibft
EI Tsedawa 28 IJ 5 5 Jl II

~4MSB 41 2J 25 24 n 2J

Sepon 82 18 9 25 24 43 14
9OSN7 JI \5 2J 22 54 17
IRAT 204 19 9 0 0 19 6
Janjara 9 4 0 0 9 J
M... blanc 10 5 0 0 10 J
Mota rouge 1<1 5 0 0 II 4

SorPo.ybndt SAD-I .. ,...., _ d...... ~1Ntdt

NAD-I J2 15 26 25 58 19
MR 132 J I 0 0 J 1
TOl3tU 208 100 \04 100 -----.11~ 100
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Tableau VIIIb.Resultats des enqu~les varietales sur Ie sorgho: les 2 meilleures varieles It pollinisation
libre selon Ies agriculteurs

Vanetes au Konni (I et II
Ii ees Konni leI D"irat wa et O'iratawar

Totaux % Totaux % Totaux %
El Tsedawa 10 10 4 8 14 9

Y2MSB 34 33 18 35 52 33
Sepon 82 36 35 17 33 53 34
9OSN7 20 19 13 24 33 21
IRAT 204 4 4 0 0 4 3
Totaux 104 100 52 100 156 100

NB: nombres d'agriculteurs interroges· 52 ill KoMi (I et II), 26 a DjiratawB.

Tableau IX. Resultsts des enquetes varietales sur Ie sorgho: quaJites et defaufs des varietes selon
fa agriculteurs.

.~------~--

~V"an",,·e",lt"s"o",u"l"i'""eEes'-t'"'"a"l"iIEiS, tD""'e""'a"ul,,'~__. _
EI Tsedawa -Precocite ·Faible rendement

-Resistante a la cecidomie '-Ne se conserve pas (sensible au chanmft:ons)
i -Convient pour lout terrai I-Mauvaise qualite culinaire
- on out

Janjare

Mota blanc

Mota rouge

-Sensible a[a cecidomie
-Tardive
-Perte des aines si tro sec ala recolte
-Sensible aux champignons lors d'une

maturation en periode pluvieuse
I-germination necessitant une humidite elevee du ~ol

-Precocite

I
,-Rendement eleve
-Bonne qualiU: culinaire (convient

bien pour preparer la boule)
I-Bon gout

Sepon 82

lRAT204 .-Rendement eleve I-Grains durs: gennination necessitant une humidite

!
-Precocite elevee du sol
-Bonne conservation des I-senSible au striga

·1· grains (charan~ons) -Sensible aux champignons et gennination sur pied
________ ~.B~o~n...2g0Ug·t'___~ irlors d'unc ma!Uration en penode pluvieuse

90 SN 7 I-Rendement eleve

I
-Resistante au striga
-Bon gout
-Bon on ement de la ate

NAD-l -Rendement eleve I-Renouvellement des semences achaque semis
-Convient pour tout terrain
-Resistante au striga

_______ "-B"0"'n"2"'0""('-.· I _

MR 732 -Rendement faible
I-Tardive
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Tablea.X- IUo.1Iab fta .....wtaIos n, It ..~...: Its iJI__ d'''''' .. IO. <n_...
Qantioa: q._ '00' Its d<a• .-doll' r'qrica....., _ ............
KIIIeIlC'eS seIectionnia to. saIson d·bh'uoage?

Koam 11 et 10
Varietes ou limees Konni II et III Q:!i.rata... etOllml

Totaux •• Tocaux ~ Tqg'!! .,
EITsedawa 0 0 0 0 0 0
hMSB 39 38 0 0 39 ::5
Sepoo 82 21 20 10 19 31 20
9OSN7 10 18 13 2S 32 21
lRAT 204 0 0 0 0 0 0

NAn-I 18 17 29 56 47 30
Aucune varieg. 7 7 0 0_ 7 4
TOUIas 11M 100 52 '" '" .11

lIo"B: Dl;JIJlbns d'agricultaln iJIIatoB'b: S2 • KOMi (I C1 II). 26 ill OjUUl""""

T.blea. XI. ProcIlIC1ioo des _ ..en desva~ ~ poI6aisaliOlllll>ft (SH 1997)
Blocs Scmeocieg Varidq Suo. (hal Prod (t\ Rck Itha)

Kooni II 1'1 ~SB 0.19 0.64 3_1S
Diiralav.'a 5cp>n 82 0..32 0 7?~, ._~;;,,,40,,,_ _

TOIIIullIIIIW'IIM UJ •••• 1.7'

T.blea.XII. DIfJaIioJl dn ..........Ii_......~ .. _ d·~.d '& 1'1911- T... ",
_..

T...... 0--0
_.....-.. _....

""""""Cooperati\~ ..- OriJines des ....... ..- tabft ~., """ ..
1M, --= (laJ ,hal "".• 1 (p, ''«1

'·............_N.U>-I
~I 420 K..... I '80 73.1 1".1 )) 6
KOIIIli 2 ,9' Kl:GDi 2 ilS 1IJ .."".6 61 6
Djiram.... .48 "'...... lU ~.S 0,. Jl •
""""""'" 2.'9 KOIUlI I Cf ~ "'" '6.' 10,9 OS ,........ • KlDU2 ,. 1,1' ..4 ., .::.;
r ..I'Di 15 I..," 100 I.J i' 59 U

J_ .4•• l.J57 1'" ru .. ,
\·utfti •• . , ......._12

Kaani I '20 ~ ''4 .6.3 ..9 .2 ..,
"""'" , '9' Djn&:lW1l CI f:'\oll....... 312 19.1 23.0 ... •
O)imI."1I '48 "'....... '99 15.9 I~_O .. ,.- 2..... OjirMn1l P. 1".2 I~ J'"

""""'" 6 Djin&a..-. et IN1tAN ,. 2,J ... 6. :"1
("1m; IS Dt.... et:ISR.t\."'l' &l , I '. H 16

101li 141. ... .... 5fr.• .. •
\'aritW .. , • ' ... -.n.'~MS8

Komi I .,. KOIlDi 1 2.... !'O,6 '-' 0.'
KOIlDiZ: 593 KDDDi. :2 -lOO y"~ 14.1 ,.

~'
Autns J97' 0 • •
ToW '''10 .,. SI,' 15.1' l' 1.1

TnIt vll1tlltl C\Al).I SCMIiIZII .... M$I)

Total 1411 '¥ }.f7.1 1"-2 .. 11
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Rentabilite au niveau des exploitations agricoles et
evolution des marches intrants - produits au Niger:

perspective economique

Tahirou Abdoulaye et J. H. Sanders

Introduction

De nouvelles varietes a rendements
eleves ont ete developpees afin d'aug
menter la production agricole et
d'ameliorer les revenus de l'agriculteur.
NAD-I, Ie premier hybride de sorgho
introduit au Niger, est l'un de ces nou
veaux cultivars. Les essais realises en sta
tion et en milieu paysan depuis 1990
demontrent que NAD-I produit 4 a5 fois
plus de grains par hectare que les varietes
locales (Kapran, 1998). Des efforts de
mise en place d'une industrie de produc
tion de semence chez les agriculteurs pour
cet hybride sont maintenant en cours. Une
exploitation durable de la technologie des
hybrides requien Une source stable
d'approvisionnement en semence.
Cependant, il est necessaire que Ia
demande pour cette semence hybride soit
garantie, pour que les agriculteurs se
Iancent dans la production de semence. II
existe done nne interaction entre
I'evolution de I'industrie des semences lo
cale et I'adoption d'un nouveau cultivar
hybride. Ce article s' interesse aux condi
tions necessaires pour que l'introduction
d'un hybride s'avere rentable pour
l'agriculteur et aux contraintes sur I'intro
duction rapide des hybrides et des tech
nologies associees au niveau de l'exploi
tation.

Ues resultats de travaux antcrieurs ant
montre que les hybrides de sorgho
cultives sous irrigation et avec apport
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d'engrais inorganiques sont plus lucratifs
que les varietes locales et ameliorees de
sorgho aBirni N'Konni (Ensink, 1989). II
n 'existe pas encore dfevaluation
economique au niveau de l'exploitation
des hybrides de sorgho en culture seche
au Niger. Cette etude evalue Ia production
de NAD-I avec un apport d'engrais
inorganique pendant la saison des pluies
sur des terres seches (culture sous pluie
stricte) et sur les perimetres irrigues (oil
une irrigation de complement est possi
ble). Les terres du perimetre irrigue de
Bimi N'Konni sont exploitees en saison
des pluies avec irrigation en cas de
secheresse.

Le present document traite
specifiquement des effets de
l'environnement economique (prix des
intrants et des produits) et de la capacite
de I'agriculteur il financerdes achats d'in
trants sur sa decision d'adoptcr Ie nouvel
hybride. II s'agit Iil de conditions critiques
determinant Ie profit et par consequent
l'adoption. Les paragraphes qui suivent
presentent la region d'un point de vue
general, le modele et finalement les
resultats et les conclusions.

Region et historique

Le sorgho est la deuxieme deoree de
base (apres Ie mil) au Niger. En plus du
grain, les tiges de sorgho servent de
materiau de construction et de fOUITage.
Biroi N'Konni est une region



representative des terres de vallee oil se
concentre la culture du sorgho au Niger'.
La production de la region s'elevait a
12.000 tonnes de sorgho en 1995. Ceci
represente environ 5 % de la production
nationale totale de sorgho pour la meme
annee (Republique du Niger. 1997).

La densite de population a Bimi
N'Konni a augmente de 33 habitanl!km'
en 1977 a 48 habitant!km2 en 1988
(Republique du Niger, 1991). Les
menages agricoles de la zone d'erude
comptent en moyenne 6 personnes sur 3,9
hectares de terres seches. Les principales
cultures son! Ie mil, Ie sorgho et Ie niebe
sur les terres seches,le coton, Ie sorgho au
niveau du perimetre irrigue pendant la
saison des pluies et Ie ble en
contre-saison. II n'est pas utilise d'engrais
inorganiques sur Ies cultures
traditionnelles (mil, sorgho. niebe). Par
contre Ie coton et Ie ble cultive sur Ie
perimetre irrigue beneficien! d'apports de
ces engra.s.

Le perimerre irrigue de Bimi N'Konni
est I'un des plus grand du Niger oil la cul
ture du sorgho est pratiquee. Les terres
irriguees sur les perimetres nationalises
sont allouees aux agricuheurs des villages
environnanrs. La superficie moyenne de
perimetre irrigue attribuee a un menage
est de 0,75 hectares a Bimi N'Konni
(Abdoulaye, 1995).

Le sorgho est cultive en association
avec Ie mil et'ou Ie niebe sur les terres
seches alors qu'il est cultive seul sur les
terres de vallee oil les sols sont plus
lourds. Les rendemenrs en sorgho sont
generalemen! faibles sur les terres seches

en raison de la faible plu\iometrie. de
I'utilisation de varietes peu perforrnanles
et de la faible fertilile des sols. Dans la
region de Bimi N'Konni. Ie rendement
moyen du sorgho sur la periode
1991-1995 a ete de 370 kg ha
(Republique du Niger. 19971. La main
d'oeuvre embauchee pourdesherber estla
principale rubrique de depenses en argent
Iiquide efTecruees par les producteurs.

Sur Ie perimetre irrigue. Ie sorgho est
cuhive avec complement d'irrigation en
rotation avec Ie coton pendant la saison
des pluies. Les rendements du sorgho sont
relativement plus eleves que sur les terres
seches du fait de I'humidite plus elevee
des sols et des restes d'engrais apportes a
la culture du coton. En 1990. les
rendemenrs en sorgho local sur Ie
perimetre irrigue On! ete e stimes a
690 kg'ha (Lowenberg-DeBoer. 1990).

A I'inverse du sorgho local. NAD--I
donne des augmentations impression
nantes de rendement quand cullive avec
des apports d'engrais moderes aussi bien
en culture seche que sous irrigation. Les
essais en milieu paysan On! montre
qu'avec des apports de 100 kgeha de super
phosphate simple et de 50 kg ha d'uree.
NAD-I produisail 1500 kg sur les terres
seches et2500 kg sur Ie perimerre irrigue.
oil un complement d'irrigation eSI
disponible (Kapran. 1998).

En plus de I'irregularite et de
I'insuffisance des pluies. la faible fertilite
des sols. rinstabilite et la faiblesse des
prix au producteur et Ie manque de
Iiquidile constitutent Ies majeurs
contrain!es a raccroissemenl de la pro-

:Oimi :'\'Kooni o'est pas 1m rqriscntml de Ia rtgion de (4).. domll plU1o--tomeme CS1 ph&dn~
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duction de sorgho. A Bimi N'Konni, la
quantile d'eau dans les reservoirs depend
de la pluviometrie de sorte que les annees
de faible pluviometrie, il n'y a pas
suffisamment d'eau pour pouvoir irriguer
tout Ie perimetre. La fertilite des sols, en
particulier la carence en phosphore et en
azote, a ete un probleme majeur pour la
production agricole au Niger (NAARP,
1992).

Sur Ie plan economique, la contrainte
principale est Ie prix de vente faible du
produit par comparaison aux prix d'achat
des intrants necessaires it I'accroissement
de la production. II n'existe pas de struc
tures officielles de credit dans la plupart
des regions rurales du Niger. Cependant,
les agriculteurs peuvent obtenir les fonds
necessaires it I'achat des intrants de
plusieurs manieres : travail en ville par
des membres du menage en hors-saison,
vente de betail, activites non agricoles ou
travail sur une autre exploitation et
systemes de credits non officiels
(Abdoulaye et aI., 1991, Reardon et aI.,
1994). Les activites non agricoles sont en
general la plus importante source de
revenus. Elles sont tres courantes en rai
son des nombreuses possibilites de com
merce existant dans la region du fait de la
proximite de la frontiere avec Ie Nigeria.

Methodes

Le cadre general pour cette analyse est
un modele de programmation lineaire qui
maximise Ie revenu de I'exploitation, tout
en respectant les contraintes en
ressources. L'evaluation d'une seule
activite, teUe que la budgetisation
partieUe, ne tient pas compte de
l'environnement economique dans lequel
la production a lieu. II existe des interac-
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tions importantes intrinseques au systeme
qui entrent en jeu lors du processus de
prise de decision au niveau de l'exploita
tion. La programmation convient it I'ana
lyse au niveau de I'exploitation parce
qu'elle incorpore ces interactions et
considere les contraintes en termes de
disponibilite des ressources de I'exploita
tion. Les modeles de programmation
d'une exploitation agricole permettent
aux scientifiques de projeter Ie revenu
potentie! de I'exploitation et d'identifier
les contraintes au niveau de l'exploitation
qui retardent I'adoption des technologies.

Un aspect important de I'agriculture
nigerienne dont il n'est pas explicitement
tenu compte ici, est Ie risque associe it la
production agricole. Ce risque est un
facteur important determinant I'adoption
de nouvelles technologies dans les
systemes de culture seche, en particulier
si ces technologies impliquent I'emploi
d'intrants achetes, tels que les engrais
inorganiques. Compte tenue de I'impor
tance du risque dans ce type
d'environnement economique, les
travaux futurs de modelisation pour
NAD-I incluront Ie risque it mesure que
des donnees supplementaires sur Ia distri
bution des rendements de cette culture
deviendront disponibles.

Le modele determine I'allocation
optimale des terres et des ressources entre
les diverses cultures. Les activites de pro
duction sur les terres seches comprennent
des cultures uniques (mil et sorgho) et des
cultures associees (mil/niebe, millsorgho
et millsorgho/niebe,). Les activites sur Ie
perimetre irrigue comprennent
sorgho-coton pendant la saison des pluies
et ble pendant la saison seche., Trois
contraintes principales (terre, main



d'oeuvre et capital) sont imposees dans Ie
modele. La contr.linte terre (terres secbes
et perimetre irrigue) limite la superficie
des terres disponibles a 4,65 bectares.
dont 3,9 bectares en terres secbes.

Les bybrides necessitent un
investissement en termes d'inrrants
acbetes. Le liquide disponible pour Ie
menage a ete estime en utilisant les
donnees d'enquete sur I' investissement
moyen pour cbaque culture, comprenant
la semence,les engrais etla main d'oeuvre
embaucbee. Les cesultats de l' enquete
socio-economique des exploitations a
Birni N'Konni indiquent que
I'investissement moyen etait de 7.000
Fcfa/ha (I dollar amencain = 272 Fcfa en
1989, IMF 1997). Lorsque \'echantillon
est elargi aox agriculteurs avec des terres
dans Ie perimetre irrigue, la moyenne
devient 13.000 Fcfalba (Abdoulaye,
1995). Dans ce modele. nous faisons
I'hypothese que I'agriculteur disposae de
65.000 Fcfa (13.000 x 5 bectares) en
Iiquide en debut de saison qU'il peut
investir dans les cultures. Avee one ana
lyse de sensibilite. la quantite de capital
est modifiee afin d'evaluer les effets de la
disponibilite en liquide sur la decision
d'adoption.

La technologie en cours d'evaluation
est I'bybride NAD-I avec son mode de
culture. Dans Ie modele, un bectare de
NAD-I requiert 10 kg de semence

bybride ainsi que 50 kgd'~ (46 % N) et
100 kg de NPK (15-15-15). L'bybride
NAD-I est inrroduit dans Ie modele
comme culture pure aussi bien sur les
terres secbes que Ie penmetre irrigue et en
rotation avec Ie COlOn sur Ie pCrimetre.

Pour Ie modele, les estimations de
rendements de NAD-I foomies par les
selectionneurs sont reduits de 35 % et
40 % sur les terres seches et les term
irriguees respectivement (tableau I). Ces
adjustements sont necessaires acause des
difference de systeme de gestion de cul
ture entre les essais et les champs des
paysans. En general, les agriculteurs
consacrent plus d'attention aox cultures
en essais qu'en condition norma1e de pr0

duction. Ces rendements pour Ie nouvel
bybride avec son mode de culture restent
toutefois beaucoup plus eleves que ceux
actuellement obtenus pour les cereaJes
aussi bien sur terres secbes que les term
irriguees.

T..... I. Re.de.eats r:a craIaI* NAJ)..I.........- .....
NAD-Itlnmcnktba-I) 1000 1500

Les donnees pour celie analyse
proviennentdes enquetes reatisees dans la
region par I'JNRAN (ressources des ex
ploitations et rendernents des cultures),
des Statistiques nationales (rendements
des cultures et prix) et du SlM (prix des

Source: I. SIM pour Ie sorgbo lmoyamc de Il1O\-. ~5. 96 C'l oct. 9Tl. pour Ie IIUI (rraoymDe de sepL 9S. ,.crt JIO'III' Ie IIItbtl~
de Oct 95, 96. 1fT).

2. Cmtnk d'appm;Slonnemem en c:npais (prix officid ... frais ck a.apon. 1991' 19981
J. Home i 1997) pour Ie pm de Ia semc:nce <hi ~AD.
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cultures). Les prix des intrants et des
produits sont recapitules dans Ie tableau
2. Les prix des engrais comprennent aussi
Ie cout de transaction et du transport. Ce
cout a ete estime it 10 Fcfalkg ou 500 Fcfa
par sac de 50 kg. La sensibilite du modele
it un cout plus faible du transport (5
Fcfa/kg) et it un cout plus eleve (20
Fcfalkg) a aussi ete determinee.

Resultats

Avant l'introduction de NAD-l dans Ie
systeme, les resultats du modele
indiquent que les terres etaient consacrees
aux cultures associees millniebe et
mil/sorgho/niebe et it \'assolement
sorgho/coton et ble en contre-saison. Ces
resultats concordent avec ceux des
enquetes pour la region qui montrent que
les cultures associees sont la pratique
culturale dominante (Lowenberg
Deboer, 1990).

Lorsque NAD-l est introduit dans Ie
systeme, les terres lui sont
essentiellement consacrees en raison des
rendements accTUS. Les resultats du

modele montrent que, les agriculteurs
adopteraient la technologie hybride s'ils
se familiarisent avec et s'ils peuvent
acquerir la semence et les engrais. Toute
Ia superficie de terres irriguees (0,375
hectare) disponible est consacree it
NAD-l en remplacement du cultivar de
sorgho local. Investir dans Ies terres
irriguees rapporte plus qu'investir dans
Ies terres seches. Mais meme sur les terres
seches, 0,55 hectare sont alloues it la cul
ture du nouvel hybride de sorgho (Tab
leau 3).

Une amelioration de \'efficacite de
l'industrie des semences se traduirait par
une autre diminution du cout des intrants.
Le prix actuel de Ia semence hybride it la
cooperative des semences est environ sept
fois celui du grain produit soit 650
Fcfa/kg (House, 1997). La Cooperative
acquiert les semences aupres
d'agriculteurs producteurs de semences
au taux de 350 Fcfalkg. II est escompte
que Je prix de la semence hybride
diminuerait suite it nne amelioration de
l'efficacite de l'industrie des semences.
Un prix de Ia semence hybride reduit it

Tableau 3. Superficies alloUl~es aux difTerentes cultures et etTets des revenus sur les resultats du
modele

Cultures

Terres skbes
• Millniebe
- MiVsorghumJniebe
- NAD-l
Perimetre
_Sorgho-coton locaux I
- NAD-I- CotonI
- ble (coDtre-saison)
Superficie totale en NAD-l
Augmentation du revenu de l'ex loltation

I
Sans

I

I

NAD-l I avecNAD-II;-l Augmentation Augmentation

~
Modele • de I'argent du prix des
de base i liguide roduits

3.5 ha I 2.949 h, T 2.261 h, 3,321 h,

I

0,4 ha 0,4 ha' 0,4 ha
n,' /),551 ha 1,239 0,579 ha

I

0,75 ha 0,75 ha 0,75 ha 0,75 ba

n' 0,.375 ha ,375 ha 0,375 ha
0,375 ha 0,926 ha 1,614 ha 0,954 ha

na 6% 7% 16 %
na

Note: 1. Rotation dans Ie modele == 50 % de la superficie de chaque culture
2. na~ non disponible.

192



350 Fefalkg se traduit pas une augmenta
tion de 27 % de la superficie de terres
seches consacrees aNAD-I.

D'un autte cllle. si les infrasttuctures se
deteriorent de sorte que Ie cOlit de transac
tion et du transport des engrais monte a20
Fcfa/kg, I'investissement requis par
NAD-I augmente etle profit diminue. Par
voie de consequence. la superficie des
terres secbes consacrees a NAD-I est
reduite de 19 %. Finalement, toute situa
tion entrainant uoe reduction des couts se
traduit par une augmentation de la
superficie en terres seches cultivee en
sorgho bybride. Compte tenue de la situa
tion economique actuelle au l\iger, il est
fort improbable que Ie gouvemement
s'engage dans des programmes de sub-
ventions. L'infrastructure du pays
pourrait s'amelioree a long terme si des
investissements y sont consacres. Mais a
court terme (procbaine Mcennie), il
faudrait s'elforcer de trouver les moyens
d'augmenter les prix rec;us par les
agriculteurs pour encourager la diffusion
du sorgho hybride et les pratiques
culturales ameliorees associees.

Au niveau du produit,l'arnelioration de
I'environnement economique peut
entrainer des prix de vente plus eleves
pour les produits agricoles, Les prix des
cereales sont genmlement .res bas au
moment de la recolte, lis augmentent
graduellement au cours de I'annee
jusqu'aux prochains semis. A Bimi
N'Konni,le prix moyen du sorgho etait de
116 Fefa/kg (mai 1995-(997) contte 89
Fefa/kg ala recolte (calcule apartir des
donnees OPVN. 1995-(997). En faisant
I'hypothese que l'hybride est stocke
jusqu'au mois de maio ou si Ie grain
hybride peut ette vendu avec une prime.
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en raison par exempJe de la meilleure
qualite de son grain, les resultats du
modele montrent que la superficie de
terres seches consacrees a la culture de
I'hybride augmente de 5 %.

Par consequent. I'attenuation des elfets
de la chute des prix a un impact acourt
terme sur la superficie de terres seches
cultivees. A long terme, !'accroissement
du revenu de I'exploitation agricole
permetlrait une accumulation de capital
au cours du temps ainsi qu'une augmenta
tion des investissements futurs sous
forme d'achats de plus d'engrais et de plus
de semences.

L'argent liquide disponible pour
investir dans I'agriculture constitue
!'autte contrainte majeure. L'importance
de la disponibilite en argent liquide a ete
evaluee a travers nne augmentation du
liquide disponible pour les iO\'estisse
ments dans I'agriculture au debut de la
saison agricole de 65.000 Fefa a85.000
Fcfa. CeDe augmentalion 20.000 Fclil
peut provenir de la vente d'uo mouton ou
d'une augmentation des revenus non
agricoles, En plus, les producteurs
rec;oivent SOU\'ent annuellement des
transferts monetaires (provenant de
I'exode ou de parents en ville) qui
peuvent perrnenre d'augmenter Ie liquide
disponible au menage. L'augmentation de
la disponibilite en argentliquide se traduit
par une superficie de terres seches
cultivees en hybride plus que doublee
(tableau 3).

La disponibilite en argent Iiquide
determine la somme que I'agriculteur
peut se permenre d'investir dans I'"h..
d'intrants. La quantite d'intrants achetes
determine elle la superficie qui peut etre



consacree au sorgho hybride. Mais si les
rendements indiques par Ie modele
peuvent etre atleints, les agriculteurs
adopteront I'hybride. Dans ce cas, Ie
processus de diffusion s'accel6rera a
mesure que Ies agriculteurs ayant adopte
l'hybride accumu1eront du capital pour
acheter plus d'intrants l'annee suivante.
Leurs voisins verront les gains possibles
et les imiteront.

L'effet combine d'une augmentation
de prix du produit et d'une liquidite accrue
est analyse cn diminuant Ie rapport prix
des intrants - prix des produits a deux
niveaux de liquidite (Fig. I). Les couts
ponderes des intrants achetes (semences,
engrais) sont divises par Ie prix du sorgho
pour obtenir Ie rapport de prix in
trantstproduits. L'evolution du rapport de
prix intrantslproduits a ete consid6ree
pour deux niveaux de liquidite (niveaux 1
et 2). Le liquide disponible pour
I'investissement est fixe a 65,000 Fefa
pour Ie niveau 1 et a85,000 Fefa pour Ie
second comme explique precedement.
Ces niveaux peuvent aussi correspondrea
des producteurs avec des disponibilites en

ressources differentes dans une meme
regIOn.

Une dimunition du rapport des prix de
3 a2,5 correspond aune augmentation de
19 % du prix du produit (pour des couts
d'intrants fixes). Pour que Ie rapport des
prix tombe it 2, toute chose etant egale par
ailleurs, il est necessaire que Ie prix du
produit augmente de 48 % par rapport au
prix actuel. Une telle augmentation n'est
pas inhabituellc au Niger, oil des augmen
tations de prix de celte ampleur, voire
superieures sont couramment observees
entre la recolte et les semailles de la saison
suivante. Mais c'est ma1heuresement au
moment de la recolte (quand Ies prix sont
bas) que la plupart des agriculteurs
vendent leur production.

Ces relations apente negative entre la
superficie consacree it NAD-1 et
I'environnement economique ameliore
(avec un prix plus eleve pour Ie sorgho
produit) montrent I'importance du
stockage et des autres programmes visant
it augmenter la demande pour une
acceleration de I'adoption du sorgho
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Figure]. Les resultats de simulation de Is superfide culth'ee- de sorghum bybride par fume en
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hybride. La courbe de demande glisse
vers la droite it mesure que plus de capital
devient disponible. Par consequent la
rq,onse ii I'amelioration de I'environ
nement c!conomique s'accroit 10ISQue Ie
menage dispose de plus de capital de
dc!part (Figure I). Trouver des moyens
d'augmenter I'argent Iiquide disponible
pennellant d'acheter les intrants accelere
aussi I'introduction de l':AD-l. Ceci est
plus difficile a accomplir, car il est peu
probable que des programmes de crc!dit
public soient mis en place acourt terme ;
mais ala longue les producteurs peuvent
mellre en place des mc!canismes de vente
acredit avec leurs fournisseurs d' intrants.

Conclusions

Les resultats de celie elUde indiquent
que la production de sorgho hybride est
rentable et devrait done etre adoptee par
les agriculteurs de cene zone aussi bien en
culture sc!che qu'en culture irriguee a
cause de son niveau de rendemenl.
Cependant I'accroissement el I'accele
ration de I'adoption nc!cc!ssite un certain
nombre de mesures. Une ameliorationdes
conditions economiques augmentera
I'adoption de la technologie du sorgho
hybride. les annees de hauts rendements,
les prix a\a production s'effondrent et par
manque de financemenl, les agriculteurs
se voient obliges de vendre abas prix aIa
recolte pour pouvoir rembourser des
delles ou obtenir de I'argent liquide. Par
consequent les strategies pennettant de
contrebalancer I'effondrement saisonnier
des prix a la rc!colte et de modc!rer les
baisses de prix dues en cas de bonnes
rc!coltes ou d'ameliorer les marches des
intrants (semences et engrais) sont
cruciales. L'amelioration de I'infrastruc
ture peut avoir des effets similaires.
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Un augmentation du prix au produeteur
entrainerait une acceleration de I'adop
tion de NAD-1. L'existenee de marches
plus accessibles, de meilleures pratiques
de gestion (stockage) ou une demande de
sorgho accrue suite ala creation de nou
velles utilisations peuvent assurer de
meilleurs prix de vente pour I'agriculteur.
Les coilts de stockage peuvent s'avc!rer
prohibitifs pour la plupart des agriculteurs
s'ils sont forces de rembourser les prc!ts ou
de faire des achats urgents immed
iatement apres la rc!colte.

Les dc!cideurs craignent souvent les
augmentations de prix des denrc!es de
base y compris les cereaJes en raison de la
charge que celles-ci imposent sur les
consommateurs urbains. A cause du
pouvoir politique de ces consommateurs
urbains, les dc!cideurs adoptent souvent
des mesures qui rc!duisent Ie prix des
cereales. Ce type d'actions gene I'intro
duction des nouvelles technologies dans
I'agriculture. Les decideurs doivent
recoooaitre 1'importance dOuR
environnement economique fa,'crable a
I'agriculture pour accelc!rer les
investissements au niveau des exploita
tions et les transformations techno
logiques. Ce qui conduirail aune produc
lion plus efficiente et done une baisse des
coUts de production qui se traduiront par
des prix bas pour les consommateurs.

Pour une adoption durable de la
teehnologie hybride, il faudrait que les
systemes de commercialisation des
produits et des intrants se developpenl.
Les agriculleurs nigc!riens se plaignent
souvent de la non disponibilite des in
trants au moments opponuns. Les
agriculteurs doivent pouvoir obtenir des
semences et avoir acces aux engrais pour



qu'ils puissent adopter I'hybride NAD-I.
Le secteur de commercialisation prive
doit etre encourage pour assurer la
disponibilite des semences et des engrais
au niveau des villages.
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Formation regionale a la production de semence5

N.D.Vagoua et N.I. Jib

Introduction

La semence constime I'un des facteurs
de production agricole les plus
determinants. Comme tout intrant
agricole, la semence doit etre disponible
en quantite, en qualite et au bon moment.

Situation actuelle

Dans la plupart des pays, la recherche a
mis au point des varietes performantes,
adoptees par les agriculteurs. Ce travaiL
fruit de I'effort et de la collaboration au
nivcau national, regional et international.
tant au plan financier que scientifique, ne
produit pas les resultats escomptes car les
besoins des utilisateurs (agriculteurs,
transformateurs) en semences ne sont pas
satisfaits.

Les activites de production de
semences. conduites generalemem en
regie. se sont averees trop cooteuses, non
viables. Une des raisons principales de
celie situation est que les pays ne
disposent pas de filiere(s) de production
de semences performante(s). Pour que la
filiere soit performante. il faut au
prealable:

• une bonne organisation de la chaine
allant du selectionneur a
I'utilisateur,

• que les chainons disposent en
nombre suffisant des agents
competents.
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Ceci est vrai pour la production de
semences de varietes afecondation libre.
mais encore plus pour les \"3rietes
hybrides dont la constitution est plus
complexe.

Formation

U selectiollMllr

II faut familiariser Ie selectionneur aux
techniques de creation de varietes
hybrides. Ceci va de I'identification des
lignees parentales aux methodes de
creation varietale. en passant par Ie
maintien des lignees parenlales. Le
selectionneurdoit connaitre les normes de
certification aux differentes elapes de
production de semences (prebase. base,
commerciale). II faut orienter les
selectionneurs de la region v'ers la produc
tion de semences hybrides. en partenariat
avec les agriculteurs. Cle de v'Olite do
systeme, Ie selectionneur. doit etre apte a
former les autres elements de la chaine,
notamment la formation des formaleurs,

u tet:lllliciell

En plus de la mise en place et de la
conduite d'une culrure. il doit connaitre
les normes de mise en place d'un champ
de production de semences. etre capable
de distinguer les lignees parentales. les
hybrides, les hors-types. connaitre les
normes de conditionnement des
semences. le technicien doil pouvoir
encadrer les agriculteurs producteurs de
semences.



L •agriculteur

Garant de la disponibilite en semences
et de la durabilite du systeme, I'agricul
teur doh pouvoir produire et dans Ies
nonnes, Ies semences. Pour ce faire, il
doit : connaltre les nOrmes d'implantation
d'un champ de production de semences,
pouvoir distinguer Ies lignees parentales,
les hybrides, les hors-types, connaitre les
normes de recolte, des operations de
post.recolte.

Ces connaissances non seulement lui
pennettront de produire des semences de
qualite, mais egalement I'aideront a
defendre Ie prix de vente de sa semence.

Processus

Un certain nombre de pays, en collabo
ration avec les institutions nationales,
regionales et internationales ont deja mis
en place des tilieres de production de
semences fonctionnelles ou sont en train
de les essayer (Nigeria, Niger,
Burkina... ). Qu'il s'agisse de la creation
d'hybrides, de I'identification et du
maintien des lignees parentales par les
selectionneurs, de la formation des
techniciens et des agriculteurs a la pro
duction de semences hybrides, ces pays
ont accumule suffisamment d'experi
ences qu'il convient de capitaliser et de
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mettre ala disposition des autres pays de
la region. Des modules de formation,
specifiques aux selectionneurs,
techniciens, agriculteurs doivent etre
crees:

La formation en matiere de gestion de
la production des semences, (entreprise
privee, organisation en cooperative), doit
pouvoir etre egalement assuree au niveau
regional.

Les reseaux sorgho (ROCARS) et mil
(ROCAFREMI) en Afrique de rOuest et
du Centre, Ie SMIP en Afrique de rEst,
constituent Ie cadre ideal de concertation,
d'elaboration et de mise en reuvre de ce
programme de regional formation.
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Formation pour une industrie
des semences au Niger

I. Kapran, D.S, Murty et L.R. House

Introduetlon

La disponibilite de I'hybride de sorgho
NAn-I etl'interet que les agriculteurs lui
montrent ont pose les bases pour la mise
en place d'une industrie des semences au
Niger. L'interessement aux semences
n'est pas nouveau dans la region et iI
existe quelques activites de production de
semences couronnees de succes dans Ie
pays, en particulier pour Ie riz et les
plantes potageres. Le developpement
d'un secteur prive de I'industrie des
semences alin d'assurer la production de
semences pour couvrir des millions
d 'hectares de culture a toutefois un
caractere et des besoins propres. De
nombreuses composantes sont a
considerer : production et condition
nement des semences, controle de la
qualite, commercialisation, credit et
questions financieres. Toutes ces
composantes ont leurs propres besoins
qui doivent Ctre sarisfaits pour qu'elles
soient accomplies efficacemenl. Pour la
plupart des personnes qui seront
impliquees, il s'agit de voies nouvelles et
inconnues et la possibilire de s'engager
dans ces voies est genee par Ie manque
d' infrastructure dans Ie pays. L'education
et la formation sont des moyens de foumir
la possibilitCs d'acquerir Ie savoie·Caire
necessaire.

Historlque

Actuellement, I'effort de production de
semence de NAn-I par Ie setteur prive a
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modestement reussi et a des resultats
encourageants. Alors que les producteurs
prives commen"aient a vraiment
s'engager, il a ete debute un programme
de formation aNiamey en 1997. Celui..:i
etait suivi par une seconde acti,;re de for·
mation pour les agricuheurs intCressCs. Ie
personnel de l'Office National et des
Amenagements Hydro-Agricoles
(ONAHA) travaillant par l'intc:rmCdiaire
des cooperatives sur les perimetres
irrigues de Bimi N Konni. L'unique
joumee de formation etait consacree a la
production de semence et un manuel de
formation a ere developpe. CeDe forma
tion a ete forternent appreciee et son
efficacile est apparue c1airement surtout
pendant la saison agricole.

En 1998, quatre programmes de forma
tion similaires ont ere organises pres de
Niamey. Say, Bimi N' Konni et Maradi.
Des agriculteurs et Ie personnel de
I'INRAN ont participe aces programmes
de formation, Dans les cas ou Ie
proprietaire n'ctail pas I'agriculteur, on
s'est efforce d'inclure Ie gerant de
I'exploitation. La formation a de nouveau
ete trCs bien re.,ue et Ie manuel de forma
tion trCs demande. Plus de 150 personnes
ODt bCneficie de cene formation.

Quelques points pour amcliorer la for
mation, acquis au cours de celie
experience :

• La formation doit non seulement
porter sur les processus rnais doit



aussi expliquer les raisons derriere
ces processus.

• Le programme doit comprendre
plus de formation sur la gestion des
cultures et Ie controle des ennemis
des cultures. A I 'avenir, un
agronome, un phytopathologiste et
un entomologiste devront
participer a la formation.
La formation ne doit pas etre
limitee a la salle de classe, elle doit
aussi etre faile en champ pendant la
saison agricole. Des journees
uniques de formation pouITaient
avoir lieu en quatre ou cinq lieux
differents afin de toucher un maxi
mum d'agriculteurs. La formation
des agriculteurs pourrait avoir lieu
pendant la saison agricole.

• La formation doil etre donnee dans
la langue locale. Ceci a ete tres
apprecie par les participants qui ont
demande que Ie manuel de forma
tion soit traduit dans les langues lo
cales en particulier Ie Rausa.

• La formation devrait entrainer des
discussions considerables entre les
agriculteurs qui produisent la
semence. Ce fut Ie cas quand les
agriculteurs pouvaient parler de
leur propre experience.

Au debut les techniciens de I'INRAN
etaient capables d'aider les producteurs
individuellement ; mais compte tenu du
nombre d'agriculteurs maintenant
concernes (et du fait qu'ils sont
dissemines surtoute la partie sud du pays)
il est impossible de continuer a travailler
avec eux au niveau individuel. La forma
tion devient par consequent un moyen im
portant d'interaction. Jusqu'a maintenant
en matiere de semences hybrides il
s' agissait essentiellement d 'identifier des
personnes interessees dans la production
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de semence et la stabilisation de la pro
duction. La formation par consequent a
jusqu'a present ete entierement consacree
aux questions de la production de
semence.

L'avenir

Plusieurs producteurs de semence ont
deja note I' importance de la qualite des
semences laquelle necessite une capacite
de conditionnement adequat des
semences, l'emballage et un contrOie de
la qualite grace a un programme de certi
fication des semences et une legislation.
En 1997, 7,5 tonnes de NAD-1 ont ete
produites. Un accroisscmcnt est pre\U en
1998 et 1999. Face a celte expansion, les
elements cites ci-dessus devraient done
etre commences dans un delai
raisonnable. La formation sera un moyen
important de les accomplir efficacement.

II est reconnu depuis un certain temps
qu'un centre de formation offrirait un
point de convergence et un local pour
toute activite de formation. La station de
Lossa a quelques 70 kilometres a I'ouest
de Niamey, est un emplacement possible
puisqu'elle possede deja une unite de
conditionnement des semences. La
periode de formation serait rallongee pour
comprendre une experience sur Ie tas du
conditionnement ainsi que plus de temps
consacre a la gestion des cultures et au
controle des ennemis des cultures. La for
mation d'inspecteurs a la certification des
semences et a la legislation serait aussi
importante et necessitera nne exposition it
la production et au conditionnement. La
formation au devcloppement de marche
serait aussi cruciale. Disposer de consul
tants pour aider a formuler ces



programmes et developper la composante
formation semit tres benefique.

Le centre de formation devrait
posseder une bibliotheque modeste mais
appropriee et disposer d'informations
portant sur les systemes de culture,
I'irrigation et I' equipement de
conditionnement des semences. Ainsi Ie
centre pourrait s'averer utile aux
producteurs de semence deja etablis a la
recherche d'informations.

L'INRAN est en train de mettre en
place une unite semence et la formation
devrait eire un element dominant de cette
Unile. Au fur el a mesure du
developpernent de cette unite, il faudra
qu'uo responsable de la formalion gere Ie
local de formation et toute la gamme de
sujets de formation. Le centre de forma
tion pourrait non seulement servir Ie
Niger mais aussi tous les pays d'Afrique
Occidentale .

Conclusion

Une formation a la production de
semences a ete donnee au cours des deux
dernieres annees et environ 200
personnes y ont participe. Un manuel de
formation a ete produil. La formation a ete
bien accueillie et a~u des commentaires
demandant que plus de sujels soient
couverts. L'efficacite de la fnrmation est
apparue lors des travaux au champ avec
les persoones individuelles. Le nombre
des personnes impliquees a atteinl Ie
niveau ou la formation esl Ie meilleur
moyen - el dans cenains cas Ie seul 
d'avoir une interaction avec les
producleurs.
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En regardant vers I'avenir. iI est
necessaire d'elargir la formation pour
qu'elle comprenne Ie conditionnement
des semences, Ie contrOle de la qualire et
la commercialisation. En outre, il devient
necessaire de disposer d'un centre ou les
documents de reference sont mis a la dis
position des producteurs interesses. Dis
poser de conseillers peut aussi renforcer
la base de formation. II est propose la mise
en place d'un centre de fonnation de
portee regionale, dont la gestion semit
assuree par un membre de I'unite
semence de 1'1NRAN.

Quelques riOenons suppJementaires
concernant la fnrmadon

Six programmes de formation ont
maintenant eu lieu auxquels environ 200
personnes ont participe. Un manuel de
formalion a ete produit el est en eours de
revision pour etre plus complet. La for
mation a dure de I a 1.5 jours et reposait
sur des observations lui faisant suite en
champ. Ces observations ont toutefois
mis en evidence des lacunes.
cssentiellement au oiveau de r experience
pratique de la gestion d'une culture Ii des
fi.ns de production de semence.

Pendant des annees nCRlSAT a offert
dans son centre un programme de fonna
tion de six mois qui comprenait une for
mation pendant loute la saison agricole. II
est douteux que la plupart des personnes
interessCes a la production de semence au
Niger puissent jouir de tant de temps. Si
un centre de formation est mis en place, il
serail possible de faire des semis
echelonnes de sorte que Ie semis. la
gestion des planlules (demariage.
repiquage, engrais, desherbageI. les lech
niques de fecondation croisee, la recolte



et Ie conditionnement des semences
puissent tous etre inclus dans une forma
tion de courte duree. Un programme de
formation de trois semaines pourrait
traiter de la gestion des cultures et du
conditionnement des semences. Pour
ceux qui ne peuvent pas se permettre de
reserver tant de temps, il convient
d'organiser une formation d'un jour.
Mais en hors-saison il serait peuHltre plus
facile aux personnes de se liberer pendant
plus longtemps.

Si une telle formation est offerte, il
serait raisonnable de I'organiser pour 15
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personnes pour la formation de 3
semaines et pour 20 personnes pour la for
mation d'une joumee. Si Ie financement
est suffisant, la formation de trois
semaines pourrait etre offerte deux fois
par an et celie d'une joumee trois acinq
fois par an.

Pour gerer une telle activite de forma
tion, il sera necessaire de disposer d'un
responsable de la formation et de mettre
en place un budget.



Rapport du rapporteur

I. Kapran

Les conditions de base pour la
reussite des entreprises de semences

DeUIieme journee - Premiere seance

Presentations

Huit presentations portant sur des
sujets allant des techniques de production
de semence aux besoins en formation et Ii
I'economie de la production de semence
ont ete donnees.

M. Souley a presente les techniques de
production de semence et de gestion des
champs utilisees pour la production
optimale de semence de NAD-I au Niger.
Des instructions specifiques ont ell!
donnees aux producteurs de semence
debutants qu'ils doivent suivre • la lettre
s'ils veulent tirer profit de ceDe nouvelle
production.

M. Sirifi a decrit les pratiques
culturales utilisees pour Ie sorgbo
bybride. Les resultats des essais
agronomiques ont mis en evidence une re
lation line-ire entre Ie rendement et la fer
tilisation azotee : nne augmentation des
rendements due Ii une irrigation
complementaire. NAD-I valorise mieux
les apports d'uote et a des rendements
plus eleves que la vanete arnelioree Ii
fecondation Iibre SEPON82 aussi bien
sur les sols sableux que les sols loUlds.
Des recommandations en matiere de
niveaux critiques de fertilite et

d'irrigation complementaire ont ete
faites.

M. Maundera traite de l'importanee du
conditionnement des semences et du
controle de la qualite, y compris la
necessite de produire la meilleure
semence de base possible tout en
considerant la responsabilite des
selectionneurs, les instructions de recolte
et la disportibilite des unites de nenoyage
des semences. Au total, pour reussir, nne
entreprise de production de sernence doit
posseder un approvisionnement en
semences siir, des semences d'une
qualiteJpurete acceptable et des cultivars
arneliores.

La presentation de M. Naroua sur la
production de semences dans les
perimetres irrigues du Niger m'ele que \a
semence de riz est produite sur 25 hec
tares depuis 1984 et que seulement
recemment celie du sorgbo bybride a
commence. Des agriculteurs individuels
et des cooperatives souscri,'ent Ii un fond
de demarrage et decident des techniques
de production et de coltlD1efCialisation
des sernences. Actuellement les vanetes
ameliorees (y compris SEPON82 et
NAD-I) occupent 12 % de la superficie
irriguee. Les rendements pour la produc-



tion de semence par les agriculteurs
varient de 1,5 tlha a2 tfha, un agriculteur
ayant toutefois produit 2,4 t/ha de
semence NAD-1.

M. Salifou a depeint son experience en
matiere de production de semence dans Ie
secteur public dans Ie cadre du Projet
Cerealier National du Niger finance par
l'USATD. Un des gros problemes etait
que la demande etait mal estimee. En tant
que producteur prive, M. Salifou a appris
a bien connaitre Ie march<' et a realise
I'importance de I'assistance technique. II
a reCOnnu Ie besoin de continuer la recher
che, preconise Ie controle de la qualite et
recommande Ia formation d'un groupe
choisi de producteurs de semences qui
constituerait un groupe de concurrents
d'elite.

M. Tahirou a presente les hypotheses
sur les revenus des agriculteurs qui
cultivent des varietes hybrides. II a conclu
que NAD-l pouvait etre adopte mais il a
signale qu'une bonne politique agricole
etait necessaire pour que les agriculteurs
puissent tirer Un profit de leur travail.

M. Yagoua a souligne I'urgence d'une
formation regionale des se!ectionneurs,
techniciens et agriculteurs en matiere de
production de semence.

M. House a decrit son experience au
Niger en matiere de formation officielle
des techniciens et des agriculteurs a la
production de semence hybride et il a
vivement conseille sa poursuite.
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Questions et commentaires ayant fait
suite aux presentations

M. Andrews (11 M. Tahirou) : Quelle
solution les economistes proposent-ils
pour controler les fluctuations de prix?

Tahirou : Les economistes n'ont pas
forcement de solutions. Au nombre des
possibilites, on compte fixer les prix
(quoique cela soit difficile a etablir au
Niger) ou ameliorer la valeur des denrees
a travers de nouvelles technologies (par
ex. couscous).

M. De Vries (11 M. Salifou) : Qui sont
vos clients (petits ou gros exploitants)?

M. Salifou : J'ai ete surpris de
constater que c'etait les petits exploitants
qui venaient les premiers acheter la
semence de NAD-I. J'ai aussi eu comme
acheteurs des ONG et des projets de
develop- pement. Les agriculteurs
acheteront la semence, Ie prix n' est pas Ie
plus gros probleme.

M. Jada (11 M. Salifou) : Que] est ]e
cout de I. production sur un hectare?

M. Salifou : de 150.000 a180.000 Fcfa
pour Ie mil- mais plus pour Ie niebe 
et moins pour I'arachide dont les
rendements sont plus eleves. PourNAD-I
sous irrigation, Ie cout etait de 380 Fcfa
par kilogramme de semence produite. 
Cette semence a ete plus tard vendue a
750 Fcf. par kilogramme.

M. Ndoye (il M. Tahirou) : Est-il pos
sible que Ie prix du mil tombe un jour a60
Fcfa par kilogramme en conditions de
productivite accrue (3 fois les rendements
actuels) ?



M. Tahirou : oui. c'est I'objectif a
long terme de I'adoption de la
technologie. Mais au depan des prix
relativement eleves sont necessaires pour
soutenir Ie processus.

M. Gapta (commeataire) : pour
I'adoption des hybrides, nous devrions
aussi considerer les systemes agricoles
actuels. Au Nigeria et au Niger, la
majorite des agriculteurs cultivent Ie
sorgho et Ie mil ensemble - en association
avec soit Ie niere soit I'arachide sait les
deux. II y aura donc taujours des rejets
dans les champs hybrides. L'education
est neccssaire. Les agriculteurs cultivent
de nombreuses plantes afin de minimiser
les risques. II faut aussi cvaluer Ics
hybrides en condition de culture en asso
ciation.

M. Andrews (commentaire): I. aM.
Tahirou : les scientifiques ant depuis
longtemps mis au point des technologies
genera trices de hauts rendements
(nouvelles varietes, hybrides, engrais.
machinerie, etc ... ). Mais I'obstacle prin
cipal qui a empeehe leur adoption est la
variation ella faiblesse du march" des
cereales. Les economistes connaissent ce
probleme depuis longtemps. QueUe est
leur solution ~ (L 'augmentation et diver
sification des utilisations du produit final
est interessante mais ne doit pas eire
consideree comme la solution principale).
2. En reference au commentaire de M.
Gupta concernant les systernes de produc
tion au Nigeria :jesuis sUr(du fait de mon
experience des cultures en association au
Nigeria) que les genotypes de cereales
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ameliores quels qu' ils soient peuvent etre
utilises de fa~onefficace (et peut~treplus
efficace au plan economique) dans Irs
cultures en association. Certains
ajustements serant peut~tre necessaires
(par ex. espacement) rnais les agriculteurs
som des expens en la matiere.

M. Obilan. (comment.ire) : je erais
qu'il existe des possibilites d'utilisation
des hybrides de sorgho aussi bien dans les
systemes de culture en association sur de
petites superficies (ou Ie sorgho et Ie mil
sont culti,-es ensemble en association
avec I'arachide et Ie niere) et dans les
systemes de monoculture et de culture
unique surde grandes superficies. Ces sit
uations existent au Nigeria et
commencent aapparaitre au ·],;iger. Cene
remarque adresse les preoccupations de
S.c. Gupta et les c1arificatians de DJ.
Andrews concernant I'interet du sorgho
hybride pour les petits exploitants. Lacul
lure des hybrides de sorgho sera toutefois
plus utile et aura plus d' eflet si les
bybrides vi sent des utilisations
paniculii:res (nourriture. fourrage. malt
ou une combinaison quelconque de ces
utilisations). Les bybrides de'Taient done
eire selectionnes et mis sur Ie marche pour
des caracteres paniculiers : producti,it".
qualite meuniere. qualite fourragere. ou
fane activite diastasique (pour un bon
maltage en brasserie et la fabrication
d'aliments! boissons abase de malt). line
uti Iisation et une production accrues des
hybrides de sorgho entrainerom des cul
tures plus specifiques de certains
cultivars.



Mardi 29 septembre - Deuxieme seance

Commercialisation par des
entreprises et des cooperatives commerciales

Moderateur - Kore Barouna,
Fac. Agro/AMD Univenity, Niamey



Role des secteun pubUc et prive dans
la production des semences

Ismael Mouddour

Inlroduetion

L' historique de la production
semenciere au Niger se confond
pratiquement avec celui du projet
cerealier national qui a demarre en 1975
apres la secheresse de 1968-73.
L'industrie semenciere est un domaine
presque meconnu des operateurs
economiques du Niger. A celie
meconnaissance ou manque d'inlerets
plusieurs raisons peuvent etre avancees :

• II n 'y a pas de distinction claire en
tre la semence et Ie grain par les
utilisateurs de I'un et de I'autre.

• Manque d'organisation du systeme
de production de semence.

• Le systeme de production de
semences n'a pas la garantie de
marche et les prix ne sont pas
remunerants.

Dans Ie hut d'initier une industrie
semenciere, I'etat avait mis en place et
equipe it grands frais, une ferme de
semence de base et cinq centres
semenciers. Ces structures qui ont ete
gerees par I'etat avaient pour objectif de
Olettre it la disposition des agriculteurs
des semences issues de la recherche et
presentant des caracteristiques
superieures it celles des varietes
actuellement utilisees. Malheureusement,
Ie COlit de production des semences M I et
M2 s'est avere etre!tis eleve par rapport it
leur prix de cession aux agriculteurs. Ce
systeme de production de semences a bien

209

entendu tres rapidemen! montTe ses
limites, et s'est etoutfe de lui meme.

Dans ce schema de production, I'erat et
ses institutions specialisees, est
responsable de toUI Ie processus de pro
duction de la semence, assurant la
recherche de semences ameliorees, multi
plication des semences, consen'ation,
conditionnement et s\(>ckage, distribu
tion, commercialisation, formation des
encadreurs et des agriculteurs, legislation
et reglementation, fixation des prix de
vente des semences ameliorees et des prix
de rachat des semences au.,. agriculteurs
multiplicateurs, determination des
besoins en semences et des programmes
de multiplication. Un petit nombre
d'agriculteurs (agriculteurs multipli
cateurs), situes dans les villages autour de
cbaque centre de multiplication et
certaines cooperatives ont ete associes it
la production it travers des contra'" de
multiplication, mais aucune implication
du secteur prive n'a ete formellement
etablie.Comme mentionne precede
roment, cene implication ne s'est pas faile
probablement paree que la semence n it
pas plus de valeur que Ie grain et en raison
du manque d'organisation du secleur
semencier.

Role du secteur pri~'r dan. la
production de oemenceo

La notion d'industrie semenc,ere
implique une approche economique de la
production de semences. A ce titre



comme pour toute entreprise, la produc
tion semenciere doit repondre, pour etre
rentable et susceptible d'interesser les
operateurs economiques, aux preoccu
pations suivantes :

• Qui fait quoi dans la filiere, et quel
est Ie rOle de l'etat ?

• Quelle est la demande en
semences?
Quelle est I'offre en semences ?

• Que faut-il produire et il quel coilt
de revient ?
Quel systeme de commercialisation
et de distribution mettre en place?

En fin de compte, Ie role determinant
que devrait jouer Ie secteur prive est de
pouvoir produire et vendre « Ie bon
produit, au bon endroit, au bon moment,
sous la bonne forme et au bon prix », Ie
client etant celui qui determine ce qui est
« bon ».

La definition de « bon », en terme de
semences, est Ie resultat de recherches qui
conduisent les selectionneurs il foumir du
materiel vegetal ayant des caracteres
souhaitables. Dans ce do maine
egalement, Ie secteur prive a un role im
portant il jouer (recherche de nouvelles
varietes, financement de centres de re
cherche, ... ). En resume, Ie role du secteur
prive dans la production des semences,
dans Ie contexte actuel du Niger, pourrait
concemer les domaines suivants :

• Multiplication des varietes issues
de la recherche.

• Commercialisation et distribution
Vulgarisation (parcelles de
demonstration, ... )
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Le secteur prive devrait pouvoir
s'organiser en association profes
sionnelle et devenir un interlocuteur
valable du pouvoir public. (Note de
l'editeur : les producteurs prives de
semence ont effectivement fonde une as
sociation professionnelle au debut de
1999. L'INRAN est un membre
honoraire.)

Commercialisation des semences
potageres

Au Niger Ie maraichage, lance il grande
echelle en 1984 en contre saison apres une
mauvaise campagne cerealiere due il la
secheresse, etait il l'origine destine il
combler Ie deficit cerealier et il fixer
aupn\s des points d'eau les eleveurs qui
avaient perdu leur betai!. Cette tendance
commence il disparaitre, les agriculteurs
ayant d'une part compris I' interet du
maraichage et les legumes rentrant dans
les habitudes alimentaires d'autre part.
En outre, une certaine frange de la popula
tion constituee de maraichers profes
sionnels vivent du fruit de leurs produc
tions, notamment autour des centres
urbains, ou ils obtiennent des revenus
appreciables. Les producteurs d'oignon,
par exemple, ont fait connaitre leurs
produits au delil des frontieres du Niger.

La production maraichere rencontre
d'enormes difficultes pour son plein
developpement ; parmi ces difficultes la
plus importante est, sans nul doute, Ie
manque de semences de qualite. Ce man
que entraine Ie plus souvent une auto pro
duction extremement importante au
niveau du monde agricole, ce qui entraine
de graves problemes de degenerescence
par utilisation repetee de semences de
premiere annee. L'approvisionnement et



la distribution des semences aux
agriculteurs Claient lISSUrC!s, dans un passe
encore recent, par l'Etat. a des prix
subventionnes, ou encore maintenant.
dans Ie cadre de programmes d'urgence.

Le secteurprive s'est implique dans ce
secteur pour repondre aux besoins des
producteurs en matiere de semences
potageres. La societe Agrimex, par
exemple a ete creee en 1993, elle compte
3 points de vente aNiamey, 4 points de
vente ar inttrieur du pays et un rtseau de
revendeurs secondaires, la commerciali
sation des semences potage res
necessitant la mise en place d'un
approvisionnemenl de proximite
(presence de distributeurs Ie plus pres
possible des produeteurs).

Les semences commercialisees sont
principalement d'origine europeenne,
une production locale est egaJement
entreprise, pour certaines varietes
(oignon, amarante).

Role du secteur public dans I. pro
duction de semeuces

L'experience du programme cmalier
national a montre que Jes couts de la pro
duction des semences par I'etal etaient
trop elevescompte tenu des fOlles charges
lites ala production (fonctionnement des
centres, salaires,... ). Le secteur public
doit sedesengagerde ractivitede produc
tion de semences et favonser I'emergence
d'un secteur prive. Le secteur public se
consacrera ainsi au role suivant :
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• systeme de cootrOle de qualitt et
definition de oormes pour I. pr0

duction et Ie conditionnement des
semences. Tout sy5ttme de produc
tion ne trouve son efficacite que
dans la mesure ou un systeme de
contr6le de qualite est mis en place.
Comme Ie controle permet
d'tliminer Ie mauvais du bon,
I'emulatioo qui decoulera de son
application sera orienlee vcrs la
production de semences de bonne
qualite.

• Role de I'I.N.R.A.N. L'I.N.R.A.N.
elant r institution chargee de la re
cherche dans Ie domaine de
"amelioration genelique des
plantes un role impoJlanI ajouer i
savoir a

Creation de nouvelles ,'arietes ayanl
des caracteristiques agronomiques
suptrieures a celles des agricuheurs, la
production de semences de prtbase, la
conservation de germplasme des "aritles
du Niger, a publication de fiches lech
niques.

• Mise en place de slocks de
securile.L .etal pourrail menre en
place un slock de SeCUrile de
semences M2 qui a la suile d'uoc
8Dnee calastrophique servirail a
couvrir les besoins des agricuheurs
mulriplicateurs. Ces demiers, aleur
tour, produiraient une quantile
suffisanle de semences pourcoo"rir
les besoins nalionaux rannee
suivanle.



Problemes du secteur semencier en Afrique
Occidentale et propositions de solutions

A. Joshua

Introduction

En general, en depit des nombreuses
tentatives par Ie secteur public et autres
organismes para-etatiqucs, I'approvi
sionnement en semence amelioree dans la
communaute economique forrnee par les
etats de l'Afrique Occidentale (region
ECOWAS) a ete inadequat et irregulier.
La region ECOWAS comprend Ie Benin,
Ie Burkina Faso, Ie Cap Vert, Ia Cote
d'!voire, la Gambie, Ie Ghana, la Guinee
Bissau, Ie Liberia, 1e Mali, la Mauritanie,
Ie Niger, Ie Nigeria, Ie Senegal, la Sierra
Leone et Ie Togo. Les reglementations,
les subventions et Ie controle des prix
imposes par Ies gouvernements ont
empeche la mise en place d'un secteur
priv6 des semences.

Par ailleurs, Ies programmes publics
d'amelioration des plantes et d'essais
varietaux ont ete mal finances et
n'impliquaient pas les agriculteurs. La
mise sur Ie marche de nouveaux cultivars
a ele lente tandis que la disponibilite et Ia
qualite de Ia semence etaient faibles. Les
!ARC etaient a I'origine de lamajorite des
cuitivars ameliores.

De nombreux pays sont depourvus de
toute politique semenciere nationale et de
tout systeme semencier integre et il
n'existe pas de procedures etablies de cer
tification ou de services independants de
certification, ni de financement pour Ie
controle de Ia qualite. Enfin des
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specialistes competents des semences
font cruellement dHaut.

Le secteur public et Ies organismes
para-etatiques se sont averes incapables
d'assurer aux agriculteurs un
approvisionnement en semences de
qualite. Le secteur prive peut accomplir
cette tache (cornme ille fait ailleurs dans
Ie monde) rnais pour que Ies entreprises
semencieres reussissent comrner
cialement, il faut que les gouvemements
changent leur attitude et la legislation afin
de pennettre aux entreprises privees de
realiser un profit.

Les gouvemements n'ont en general
pas compris que Ie meilleur service qu'ils
pouvaient rendre aox agriculteurs etait de
favoriser Ia mise en place d'un secleur
prive qui leur foumiraient les intrants
necessaires - non seulement des
semences de qualitc mais aussi engrais et
produits agrochimiques - aune produc
tion agricole rentable. II est suuvent fait
mention du risque d'exploitation des
agriculteurs par Ies entreprises privees 
mais Ie but principal d'une entreprise
privee des semences (comrue d'une insti
tution nationalisee autofinancee) est
d'etre viable et ce but ne sera atteint que si
I'entreprise (I'institution) faurnit aux
agriculteurs une semence qui leur permet
aeux agriculteurs de faire un profit. Les
agriculteurs sont Ies juges ultimes des
entreprises de semence ; seules celles qui
satisfont aleurs besoins reussiront.



Les problema generaull de la produc
tion et de la commercialisation de
semence amelioree dans les pa}'s de
ECOWAS/Centrafrique

• Peu de financemenl pour les
programmes d'amelioralion des
semences.

• Infraslructures inadequales.
• Attention insuffisanle accordee ala

production de semence de prebase.
• Personnel insuffisammenl fonne a

la production de semence.
• Attention insuffisanle accordee en

general ala production de semence
amelioree.

• Financemenl limile alloue au
sous-secleur des semences.

• Meme les projels bilaleraux onl un
droil limile de commercialisalion.

• Absence de comile nalional des
semences ou comile inoperanl.

• Manque d'infonnation concemanl
les exigences des semences.

• Procedures lourdes ou non
exislanles de mise sur Ie marche des
varietes.

• Equipements inadequats de conser
valion el de production.

• Installalions inadequales de pro
duction el de commercialisalion des
semences ades fins commerciales.

• Un cerlain nombre de
reglemenlalions phylosanilaires
rigides el lourdes.

• Les utilisaleurs des semences sonl
des pelils exploilanls ruraux
pauvTeS en ressources.

• Personnel insuffisammenl fonne
pour pouvoir assurer une supervi
sion efficace des programmes
semences du secteur public.

• Indemniles de deplacement et de
fonctionnemenl insuffisanles ou
tardives pour les activites
semencieres sur Ie terrain.
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• Manque de capital et possibililes de
credit alL'! laux les plus eleves.

• Difficile d'assurer l'obtention de
prel.

• Nombre limite de points de vente au
detail des semences et capacite tres
limilee de dislTibution des
semences.

• Pas assez de semence de prebase et
de base esl disponible pour
permenre la production de semencc
certifiee.

• Investissements dans Ie secleur
prive des semences sont
aClUellement peu rentables.

• Financement-creditconscienceen
gagement des finnes publiques
dans Ie commerce des semences
sont tous limites.

Problemes au ninau de la participa
tion du secteur pri"e dans Ie S}"Steme
semencier de ECOWAS

• Les gouvernements et les agences
pour Ie dheloppement interna
tional (IDA) regardenl les profits
realises par les entreprises privees
avec sou~on. (quoique les ani
ludes des IDA soienl en train
d'evoluer).

• Le marche est souvent trop Iimile
pour auirer suffisammenl
d'investissement prive.

• Les inlranls (engrais herbi
cidesfcondilionnemenl des
semences!sacs) rnanquenl souvenl.

• Les installalions el les equipements
pour Ie conditionnemenl des
semences sonl tres reduits sur les
marches locaux.

• L. commercialisation el les
systemes de Iivraison des lDlrants
sont snuYenl sous Ie contriile du
gouvernement.



• Dans de nombreux cas, l'adoption
quasi nulle des semences hybrides
n\sulte de la mauvaise vulgarisa
tion.

• La legislation concernant les droits
it la propriete des ameliorateurs des
plantes n'existe pas ou est tres mal
respectee.
L'importation ou l'exportation de
semence est contro]ee par de
nombreuses reglementations et des
processus lourds.

• Probleme principal de la mise en
place d'une industrie des semences
- Ie manque ou I' absence de
politiques et de reglementations
semencieres.

• Absence d 'un organisme tel que Ie
comite national des semences ou les
comites d'etat coordinateurs des
semences.

Activites proposees afin d'aider
I'etablissement d'un programme
semencier regional

Riseau semencier regional

Activites proposees pour Ie reseau
semencier regional

• Bulletin regional consacre aux
semences.

• Directeur regional pour les
semences.
Catalogue des normes nationales de
certification des semences.

• Base de donnees des attributs
morphologiques des varietes.

• Information technique actuelle
essentielle sur la technologie des
semences.

• Etablir et completer les cours
universitaires pour I'obtention d'un
diplome de Master of Science en
technologie semenciere.
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• Grandes lignes des cours de forma
tion.

Reseau variete regional

• Evaluation regionale des varietes.
• Securite regionale en matiere de

semences.
Catalogue des varietes regionales.

Normes regionales de certification
des semences

Mise en place de reglementations et
normes standards pour les
semences (AUSCA, \ITA).

• Procedures uniformisees d'inscri
ption/mise sur Ie marche/certifica
tion des varietes.

• Collecte de donnees et informa
tions regionales sur les varietes 
\ITA/ICRISAT/ADRAO.

• Elimination des barrieres
empechant la libre circulation des
semences entre les differents pays
membres de ECOWAS.

• Politique semenciere uniformisee.
• Service et procedures regionaux de

mise en quarantaine des plantes.
• Liberalisation du marche des

semences et promotion de la com
mercialisation des semences.

Analyse/Recherche pour Ie systeme
semencier regional

• Couts/benefices de la produc
tion/commercialisation et de
l'utilisation des semences.

• Etudes des politiques
institutionnelles et de gestion.
Presentation et discussions du
modele de politique nationale
semenciere, de la legislation
nationale semenciere, des normes



du modele et du reseau de commer
cialisation.

• Etudes de la politique sociale et
environnementale et de
I'environnement.

• Interaction entre la technologie des
semences et la politique
economique.

• Le choix des options de
privatisation.

• Le choix des options de securite
semenciere pour r ensemble des
pays de la region.

• Qui doit supporter Ie cOlit du
reajustement structurel
economique ?

• Etudes des systemes existants de
production, conditionnement, com
mercialisation et distribution.

• Reglementation regionale pour la
mise en place d'entreprises
semencieres autbentiquement
privees.

Mesures concertees proposies pour 18
region CentrafriqnelAfriqne
CXcidentale en m8tiere de production
et de commercialisation de 18 semence

Consolidt!r 1t!S systillln _ndns
nlltionllllX t!t 1t!S cmtrt!S st!",t!ncius
rigionllllX

• Etablir des systemes semenciers
nationaux et des centres semenciers
regionaux.

• Encourager Ie commerce regional
des semences.

• Utiliserdes entreprises privees pour
la production de semence.
Faire adopter une politique plus
soucieuse des couts, rentable et de
recuperation des couts par les ser
vices semences du secteur public.
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Systemes n8t1on8Ult de recftrdles
8gricoles (NARS)

• Coordination des ess8is \'arietaux
nationaux.

• Coordination des ess8is varietaux
de lignees d'origine publique ou
privet.

• Facilitalion de la procedure
nationale de mise sur Ie marche
d'une variete.

• Garantie d'une production
suffisanle de sernence de prebase
pour les systemes semenciers
nationaux.

Ct!ntrt!S inlt!nt1ltio1l1lllJC tit! nclrndt!S
IIgriCOIt!s (lARC)

• Ameliorer les possibilires de pr0

duction de quantites accrues de
semence de prebase.

• Continuer la selection de varietes
arneliorees supeneures.

• Accroitre I' acces aux Iignees
genetiques inti:ressantes au sein des
regions de r Afrique Occidental",
Centrafrique.

MkiurisJM IIIIIionlll • ct1MIIInriIIli
sIItioll des Wll'Utis (NJ'RMJ

• Inscription dans les temps des
"arietes et commercialisation basee
sur les performances.

• Elablissement d'un reseau
inlegranl Ie mecanisme national de
commercialisation des "arietes et Ie
COmmerce regional des semences.

• Foumir des semences de la
meilleure qualite au meilleur prix.

• Mettre en place un reseau de com
mercialisation effieace el vibrant.



• Aider les NARS et IARC ala pro
duction de semence de base des
cultivars selectionnes par les
organismes publics.

• Utiliser Ies grossistes/distributeurs
de semences/producteurs de
semences/detaillants.

• Mettre en place un organisme na
tional de vulgarisa
tion/developpement pour les
semences.
Coordonner les activites semences
nationales.
Promouvoir la mise en place d'une
industrie des semences.

• Assurer l'adoption par les services
publics d'une politique de contrOle
des prix qui recupere les couts.

• Etablir un organisme national de
contr61e de la qualite des semences.
Instaurer une politique semenciere
nationale efficace

Reglementations phytosanitaires

• Effectuer les tests et accorder des
certificats phytosanitaires.

• Clarifier les conditions asatisfaire
pour Ie commerce regional/interna
tional des semences.

ImportateurslExportateurs de semence

• Assurer Ie commerce de semences
commerciales a etiquetage
veridique et de semences certifiees.
Faciliter les processus commer
ciaux d'exportation des semences.

• Promouvoir I 'utilisation de
semences de qualM.

Ministere de I'Agriculture et des
Ressources Naturelles
(MANR)/Gouvernement

Mise en place d 'un comite national
des semences.
Appui a la mise en place d 'un
programme semencier national.
Barrieres reglementaires visant Ie
commerce regional des semences
Resume (tableau I.)

Comiti national des semences

Fournir un fomm auquel peuvent
participer tous les interesses.
Mettre en place une politique pour
le sous-secteur des semences.
Coordonner les activites semences
nationales.
Promulguer des lois nationales sur
les semences et fournir des direc
tives pour I'etablissement d'une
industrie des semences.

Association nationale des producteurs
de semence

Relier les negociants/associations
semencieres nationales/associa
tions semencieres
regionales/interesses.
Fournir un forum de rencontre aux
systemes semenciers officiels et
informels.

• Fournir un forum pour
l'etablissement d'un commerce
regional des semences en Afrique
Occidentale/Centrafrique.

• Permettre une diffusion efficace de
la technologie d'information rela
tive aux semences ainsi que des
echanges au niveau de ceUe
technologie.
Ameliorer l'economie de la distri
bution des semences.
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• Etablir des programmes de consoli
dation des systemes d'approvisio-
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nnement en semences reg;onaux et
nationaux.

• Ameliorer les reseaux regionaux de
production et de commercialisation
des semences.



• Analyser 1a demande et Ie potentiel
de production de semences dans les
pays choisis.
Ameliorer I'acquisition et Ia diffu
sion d'un savoir-faire professionnel
en matiere de semences.

• Appuyer les activites des centres
semenciers regionaux et soutenir la
formation d'un plus grand nombre
de personnes.

• Estimer les demandes potentielles
et reelles en semences.

• Aider it surmonter les problemes
d'infonnation lies it la production et
la commercialisation des semences.
Effectuer les travaux de recherche
necessaires en matiere de
technologie des semences des
principales especes cultivees dans
la region ECOWAS.

• Minimiser les barrieres s'opposant
au commerce et aux mouvements
des semences dans la region.
Sensibiliser les programmes
nationaux et regionaux it la
necessite d' assurer un
approvisionnement en semences
ameliorees adequat.

• Meltre en place un programme
inter-regional de reserves de
securite en semences de base.

• Consolider la production de
semence de base et de prebase dans
les centres de recherche nationaux
et intemationaux.
Promouvoir les systemes de pro
duction et de commercialisation de
semence amelioree, certifiee.

• Analyser la
demande/I'approvisionnement en
semence dans chaque pays par
espece cultivee et par variet/:.

• Consolider la collecte et la diffu
sion de l'information (forma
tionlbulletins).

Roles des centres de recherche
internationaux

• Continuer la selection de nouvelles
varietes ameliorees plus perfor
mantes.

• Appuyer I'integration des essais
varietaux regionaux et nationaux et
de la mise sur Ie marchi:.

• Accroltre Ia production et I'acces
aux semences de base et de prebase.

• Accepter des genotypes promo
teurs selectionnes par des
entreprises privees dans les essais
intemationaux.
Accroltre I' acces aux genotypes
interessants au sein de la region
Afrique Occidentale/Centrafrique.

• Rassembler les donnees existantes
de production semenciere/com
merce regional des semences et les
communiquer aux etats.

Les organismes donateurs

• Sensibiliser les gouvemements it la
necessite de disposer de systemes
semenciers nationaux efficaces.
Preparer une premiere version de la
politique semenciere/legislation
semenc iere/re g Iementa tions
semencieres afin de les amender.
Souligner les mesures de reduction
des barrieres au commerce regional
des semences et aux systemes
d' approvisionnement en semences.
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Factenn des de .. consolidation des
systemes semeoden en Afrique
Occidentale et en Centrafrique

Des tlllfe1ioNltiollS « des ;lItenelltiollS
vitIlles sollllleuss'lins dims les
do",tUlles SlIivtmts

• Mise en place de politiques et de
reglementations semencieres
appropriees.

• Amelioration de la diffusion de
I'information relative aux
semences ameliorees disponibles.

• !'reter suffisamrnent d'attention illa
mise sur Ie marche opportune des
varietes et ala production dans les
temps des semences de base et de
prebase.

• Consolidation des reseaox de com
mercialisation des semences pour
les agriculteurs si et comme
necessaire.

• Estimation de la demande
potentielle et de la demande reelle
en semences et reactions.
Mieux comprendre et incorporer les
besoins et les priorites des
agriculteurs dans les activi.es de re
cherche.

• Definir des priorites de recherche
appropriees et des activites de re
cherchelvulgarisation/selection
avec la participation des
agriculteurs pour les semences
reqUlses.

• Mise en essais et commercialisation
opportunes des varietes et
conditionnement des semences par
les centres nationaox semenciers.

• Campagnes de promotion des
semences ameliorees associees ala
formation de differentes categories
d'interesses et de semenciers.

• Amelioration des competences de
production de semence et de
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contr61e de la qualite du
conditionnement des sernences sur

I'exploitation agricole.
• Consolidation des systemes

semenciers nationaox.
• Promouvoir la privatisation et la

commercialisation (recuperation
des coUts) des semences issues du
secteur public et du secteur pri~'e

selon un systeme semencier na
tional qui soit viable et assure la
qualit<l des semences.

• Application de courte duree de
programme de subventions aux
semences par Ie gouvernement afin
que Ie secteur prive corome Ie
secteur public recupere les coots de
production des semences dans Ie
but de promouvoir I'adoption des
semences ameliorees.

• Consolidation du commerce
regional des semences et reduction
des barrieres s' opposant aux
mouvements des semences dans la
region.

• Liste de projets utiles que les
organismes donaleurs pourraient
supporter.

• Entreprises prtvees seuls
proprietaires des cultivars qu'eUes
ont selectionoes.

• Entreprises privees uoe fois viables
accorderont un appui et un
financement graduellement crois
sants aox programmes do secteur
public de recherche appliquee sur
les semences et de selection
varietale.

• Roles institutionnels et
responsabilites.



Classification globale des types
d'entreprises de production de
semence et de commercialisation des
semences

Maintien des varietis et production
de la semence de prebase

Secteur public

• Lignees de selection donnees aux
entreprises privees.

• Multiplication des varietes mises
sur Ie marche par les organismes
producteurs de semence de base et
vente aux producteurs de semence.

• Vente de la semence de base aux
producteurs de semence.

Secteur pr;w!

• Entreprises controlent toutes les
etapes initiales de la multiplication
des semences.
Controle assure soit sur les terres
appartenant Ii I'entreprise soit sur
seules de producteurs sous contrat
tres etroitement surveilles.

Organismes producteurs de
semences commerciales

Secteur public

• Idealement aucun.

Secteur prive

• Producteur de semence sous contrat
- contrat officiel passe entre Ie
producteur de semence et
I'entreprise.

• La majorite des semences produites
Ii des fins de commercialisation est
produite sous contra!.
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Producteur de semence
independant - semence produite
certifiee ou non certifiee.

• L'agriculteur assume les risques de
la production et de la commerciali
sation.

• Production sur les terres de
I' entreprise - certaines entreprises
mellen! leurs terres Ii la disposition
d'agriculteurs avec lesquels elles
passent un contrat pour accroltre la
production.

• Semences prelevees par les
agriculteurs sur leurs recoltes 
pour les especes auto-fecondees.

Conditionnement des semences

Secteur public

Limites aux organismes
producteurs de la semence de base.

Secteur prive

Les installations appartenant aux
entreprises servent seulement au
conditionnement des semences de
I'entreprise.
Les installations des entreprises
servent Ii conditionner les semences
produites sous contrat ou assurent
des services de nettoyage des
semences aux clients.
Nelloyage Ii fayon ~ equipements
de nelloyage stationnaires ou mo
biles qui sont transportes
d'exploitation en exploitation pour
nelloyer les semences, etc.



Categori~ d'orgtlllisM~ tk prodllcrioll
et tk co",,,,ercUllislltioll des SetIIellC~

Producteurldetail/ant

• D'habitude, de petits organismes
produisant et conditionnant la
semence de dellX ou trois espeees et
pouvant revendre la semence
d'autres cultures achetee aupres
d'autres entreprises.

Producteurlnegociant en gros

• Essentiellement des entreprises qui
operent au niveau national et'ou in
ternational. La semence est
produite sous contrat, conditionnee
et vendue ades grassistes.

Producteurlnegociant en gros/detail/ant

• Le systeme Ie plus frequemment
rencontri:. L'organisme passe des
contrats pour de larges volumes de
semences pour les revendre a des
grossistes et'ou des detaillants.

• Assure aussi la vente au detail de
semence et d'autres intrants aupri:s
des agriculteurs locaux. Les
grossistes revendent aussi la
semence a d'autres grossistes et a
des di:taillants dans d'autres pays.
Certains organismes ont plusieurs
sites fonctionnels.

Negociant en gros

• [) s'agit des entreprises qui achetent
la semence conditionnee. Vendent
essentiellement aux detaillants
mais aussi Ii quelques autres
grossistes. En general operent dans
tous les pays d'une meme region.
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Detail/ant unique",ent

• Le plus grand nombre de magasins
vendant au detail de la c< semence"
vend [outes sones de semences et
aussi d'autres iOlrants. Les
magasins peuvent etre ou ne pas
etre affilies avec une entreprise de
vente en gras.

Actions ~isant la consolidation et la
coordination d svstemes semencien
officiels et infomels

Actions

Recherche agronomique

• Etablir un systeme opponun de
mise sur Ie marche et d'introduction
des nouvelles varietes.

• Fournir la description des
caracteristiques agronomiques des
nouvelles varietes mises sur Ie
marche.

• Se preoccuper de qui multiplie la
semence et \a met Ii la disposition
des agriculteurs.

• Diffuser les resultats des essais
varietaux regionaux, Ii S3\'oir quels
sont les cultivars les mielLx adaples
achaque pays.

• Etablir les conditions d'un
panenariat entre la recherche et Ie
secteur prive.

Semence de base £'Jigee par Ie Sl'Sli!me
national de production de seme-"ce

• Un approvisionnement regulier de
semence de base est foodarnental.

• Les organismes nationaux de pro
duction de semence de base et des
entreprises semencieres privees
competentes devraient assurer
I'approvisionnement continu du



secteur prive en semences de
grande qualite ades fins de produc
tion commerciale de la semence.

Production et commercialisation de la
semence ameIioree

• II faut determiner qui produit,
conditionne et vend la semence.
Encourager de plus en plus
I'etablissement de producteurs
prives de semence, a savoir
d'entreprises privees de production
et de vente.

• Etablir des politiques qui
encouragent la dynamique
d'etablissement d 'un secteur prive
des semences.

Encourager la croissance et Ie
developpement d'entreprises privees de
production et de vente des semences

• Favoriser Ie credit pour
I'investissement du capitaL

• Assurer un credit adequat aux
producteurs et vendeurs de
semences et aux agriculteurs,

• Louer/mettre a la disposition du
secteur prive des points publics de
vente en milieu rural d'intrants
agricoles.

• Conditionnement des semences sur
mesure,

• Campagnes de promotion des
semences ameliorees, parcelles de
demonstrations/planification a
mi-periode/journees porte-ouverte
sur les avantages economiques de la
semence amelioree.

• Privileges d'importation.
• Consolider Ie controle de la qualite

des semences pour qu'il soit fiable
et efficace.
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• Faciliter la disponibilite de la
semence de base ades fins de pro
motion.
Bonne assistance tecbnique.

• Bonne politique nationale des
semences.
Financement adequat du secteur
prive.

Controle de la qualite

• II necessite des actions visant a
ameliorer la qualite des semences
commercialisees par Ie systeme
officiel comme par Ie systeme
informeL
Comment ameliorer la qualit" des
semences pre levees par les
agriculteurs sur leurs recoltes ?
Associations professionnelles des
semences afin de promouvoir une
meilleure qualite sur I'ensemble du
secteur semencier.

• Controles internes de qualite
doivent faire partie integrante des
entreprises semencieres du secteur
officiel.
Bonne conformation aux directives
etablies pour la certification des
semences.

• 11 existe au moins deux (2) types de
programmes exterieurs de controle
de la qualite :
Certification des semences et
contr6le de 1a qualite ala commer
cialisation.

• Programme de qualite declaree des
semences mis en place par
FAOIPNUD.



Role du gouvernement Nigerien dans Ie
demarrage des entreprises de semences

Paul Buckner

CODtellte

Le contexte actuel du Niger se
caracterise par la mise en a:uvre d'un cer
tain nombre de reformes dont les
principales sont la liberalisation de
I'economie, Ie desengagement de I'etat
des actions productrices, la
democratisation et la decentralisation.

Malgre les conditions natureHes
difficiles, I'agriculture reste on secteur
important de I'economie rurale. En elfet.,
meme si I'on assiste aune diminution de
la contribution de ce secteur au PNB
(66 % en 1960 contre 41 % en 1995) Ie
developpement de I' agriculture a ete
retenu comme moteur de I' economie
nationale par Ie Programme de Relance
EcoDomique.

Les cmales constituent de loin les cul
tures plu\~ales les plus importantes (3 14
des superficies totales emblavees). Au
cours des dix dernieres annees
(1987-1995), leurs superficies ont connu
globalement une extension quasi con
tinue : ceHes consacrees au mil sont
passees de 3 a5,2 millions d'hectares et
celles en sorgho de 1,3 a 1,9 millions
d'hectares. Les rendements de toutes les
cultures pluviales manifestent one forte
variabilire d'one annee aI'autre avec une
tendance generale ala baisse au cours des
dix demieres annees. La moyenne des dix
demieres annees est de 390 kgtba pour Ie
mil et 190 kglha pour Ie sorgho. Par
consequent, la production cerealiere a
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varie considerablement d'one annee a
I'autre, avec des extremes a1lant de 1,37a
2,4 millions de lonnes en 1987 et 1997.
Malgre tout., Ie mil et Ie sorgho ont connu
one augmentation moyenne d'en\;ron
1,4 %.

Les causes de la baisse de producti\;te
sont entre autres :

• Ie faible niveau de fertilile des sols
accentue par de longues annees de
monoculture ;

• les conditions agroclimatiques
dHavorables (secheresse perio
dique, attaque parasitaire, erosion,
surexploitation des lerres ;

• I'environnement economique de la
production caracterise par
I'extreme pauvrere des populations
(revenu par habitant en baisse de
33 % entre 1960 et 1990; Ie revenu
aetuel est de 8.000 francs CFA)

• la grande heterogeneite genetique
sur les exploitations due a
I'utilisation des semences tout
venant de mauvaise qualite.

Ainsi I'utilisation de semences
ameliorees est-eHe indispensable aux
programmes d';ntensification des cul
tures en vue d'accroitre et de stabiliser la
production et d'ameliorer la securite
alimentaire des populations. En eifel les
semences ameliorees permelleDl de
mieux valoriser les autres facteurs de pr0

duction.



Situation de la filiere semences

Le cadre institutionnel actuel presente
deux composantes :

I) Ie secteur public (composante ser
vice) qui sous I'impulsion de
I'administration prend en charge les
volets recherche, multiplication des
semences de base, legislation et vulgari
sation. Dans cette composante Ie comite
national des semences a pour role la coor
dination interministerielle et
interprofessionnelle afin d'inciter et de
proposer au gouvernement toutes les
mesures aprendre en vue de favoriser et
d'orienter un developpement harmonieux
de la filiere semences. Jusqu' apresent, Ie
Comite national des Semences a ete
surtout operationnei dans la fixation des
prix des semences. Au niveau regional, il
assure la programmation et coordination
des activites. Un service national
semencier, cree en 1985, est devenu a
partir de 1990 Ie Service des Intrants, du
Controle, du Conditionnement et de la
Legislation Agricole (SICCLA). Sur Ie
plan juridique, il n' existe pas de
legislation propre a la filiere semences.
Un seul decret sur la legislation agricole,
N 9055 PRN MAG/EL de 1990 porte sur
les normes de production, de
conditionnement et de controle des
semences. Ce decret n'est pas applique.
Le secteur semences beneficie
uniquement des textes de loi dans Ie cadre
de la legislation phytosanitaire portant
surtout sur Ie controle et Ie
conditionnement de produits. L'Institut
National de Recherche Agronomique as
sure en plus des travaux d'amelioration
vegetale, la production des semences de
prebase. Les structures d'encadrement,
de vulgarisation et de diffusion sont
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rep res en tees par des Directions
departementales et les services
d' arrondissement.

2) Ie secteur producteur pnve
(composante operationnelle) qui
s'occupera de la multiplication et de la
commercialisation des semences.

Le projet cerealier a assure ce role entre
1976 et 1989. Apres 1989, Ie secteur pub
lic a assure seulla distribution en raison
de la deterioration de I' environnement
economique. Les collectivites locales se
sont vues attribuees des centres
semenciers, la multiplication etant reali
see par des agriculteurs multiplicateurs et
quelques particuliers. La production de
semence par Ie secteur prive est apeine
developpee. Elle est Ie fait de quelques
agriculteurs au voisinage des centres de
multiplication et de quelques operateurs
prives producteurs.

Le rOle du gouvernement nigerien
dans Ie demarrage des entreprises de
semences

La politique sectorielle a ete c1airement
definie par Ie gouvernement dans la loi de
juillet 1997 portant sur Ie Programme de
Relance Economique. Ce programme
integre les « principes directeurs d'une
politique de developpement rural »
adoptes par ordonnance du N 92-030 du
8 juillet 1992. Les grands axes de cette
politique sont : la securite alimentaire,
I'intensification de la production,
I'organisation et la participation des po
pulations et la redefinition du role de
I'etat. Le role et la valorisation du secteur
prive, des operateurs economiques
indi:pendants, des cooperatives d'une
part, Ie renforcement des liens



economiques dans les circuits des
operateurs prives d'autre part,
s'inscrivent dans les objectifs prioritaires
du Programme de Relance Economique.

Concernant la filiere semences, la
strategie globale a pour objectifprincipal
la professionnalisation des differents
maillons de la chaine semences lproduc
tion, multiplication, commercialisation).
Le role imparti a I'Etat se reduirait a la
definition des politiques generales, a la
recherche, a I'appui-conseil aux
differents inten,enants de la filiere, au
controle de qualite, a la definition de la
legislation et ason application. Ce role
peut etre pel\'U atrois niveaux :

III coordination

Dans la politique actuelle du secteur
semences, I'objectif vise est Ie
desengagement progressifde I'etat et une
participation progressive du secteur
prive. L'etat n 'exercerait qu 'un role
regulateur, de production, legislatif et de
controle.

Dans Ie domaine de la production,
I'execution des programmes de produc
tion de semences devra autant que possi
ble reposer sur une large decentralisation
regionale des activites et des decisions.
Le role du gouvernement central se
limitera principalement a la coordination
et I'orientation generale de la production
de semences. Cependant la selection
varietale de meme que la multiplication
de semences de prebase et de base seront
assurees par Ie secteur public. La produc
tion de semences certifiees sera assuree
par des groupements de producteurs de
semences sous I'encadrement des ser-
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vices techniques. L'etat aura comme role
principal:

• I'encadrement par les structures de
vulgarisation :

• I'approvisionnement en semences
de prebase par Ie biais des instilUts
de recherches :

• la promotion d'un environnement
economique offrant des
opportunites de financement aU><
producteurs de semences el aux
operateurs de I'approvisionnement
en intrants :

• I'organisation et la dynamisalion
des comiles regionaux de
semences.

Dans Ie dornaine de la commerciali
sation, la diffusion et la commerciali
sation des semences ameliorees produites
par les reseaux de multiplication scronl
assurees par les groupements de
semences et operateurs prives au niveau
des differentes zones. Le role de ("elat est
de favoriser les activiles commerciales
par:

• la liberalisation des pnx des
produilS :

• I'information sur les prix des
produils:

• la promotion de cooperatives :
• I'amelioration des techniques de

conditionnement et de stockage :
• la mise en place de structures de

financemenl el de credit favorisanl
les relations fonctionnelles entre les
differents operateurs.

III fonnation et f'infonnation

Par Ie biais des structures publiques el
des partenaires au developpement. ("etat
assurera :



• la fonnation des fonnateurs et des
encadreurs aux technologies des
semences;

• la sensibilisation et l'infonnation
des producteurs et des utilisateurs
sur les enjeux des semences
ameliorees ;

• la vulgarisation des semences
ameliorees.

Le controle de qualite

Les institutions de I'etat ont un role im
portant ajouer ace niveau afin de garantir
la qualite des semences. II s'agit:

• de l'elaboration des textes
reglementant la filiere semences ;
de I'homologation des varietes is
sues de la recherche;

• de la gestion des ressources
genetiques.

Perspectives

La strategie globale prevoit un plan na
tional semencier afin d'organiser tous les
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intervenants de la filiere semences, de
definir les objectifs it atteindre, les
programmes et projets specifiques. Ce
plan n'est pas encore disponible.
Actuellement Ie programme de relance de
la filiere semences beneficie du
financement de I' etat et des collectivites
pour maintenir un niveau minimum de
production de semences.

Un projet de promotion de semences
ameliorees d'un montant 2.208.188 ECU
est soumis it la CEE dans Ie cadre du 8e
FED. L'objectifprincipal de ce projet est
Ie renforcement de la securite alimentaire
it travers I' organisation pragmatique de la
filiere semences, impliquant Ie secteur
prive principalement associatif, en col
laboration avec tous les intervenants
(Instituts, projets, ONG).



Les Banques de Credit et de Pret
Desservant Les

Utillsateurs Ruraus eo lode

Kuldip R. Chopra et Rakesh Chopra

Introduction

L'Inde est un pays Ires elendu, aux con
ditions agro-climatiques diverses, qui esl
dote d'uoe legislation fonciere. Les ex
ploitations agricoles ont des superficies
varianl entre 0,4 ha (marginales) el
17,33 ha (grandes), la moyenne elanl de
1,57 ha par famille. Environ 33 % de la
superficie cultivee esl irriguee.

L'agriculture eslle soutien principal de
I'economie, La population esl estimee a
900 millions d'habitants, donI 76 % viI en
zones rurales. Environ 60 % de la popula
tion lotale depend directement de
I'agriculture. La pan de I'agriculture dans
Ie produil national nel etait de 32 % en
1990-91. On estime que celie part devrail
baisser pour De represenler que 25 % en
ran 2000.Les petits exploitants ou
marginaux ella forte densil'; de popula
tion caracterisent I'agriculture indienne.
Les boones annees agricoles, la produc
tion de vivres est suffisante par rapport a
la demande, les prix reSlenl slables,
I'induslrie el I'agroalimenlaire se
developpent, remploi s'am,Wore et la
pauvrele rurale diminue en partie.

Les principales contrainles affectant la
Producti~ile agricole sont la disponibilile
opponune du credil ruraL a des montants
souhaitables el a des taux d'interet
raisonnables, ella superficie decroissante
des exploitations, la sureexploitation de
I'eau dans les regions de la revolution
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verte ou la culture du ble el du riz alterne
en conlinu, annee apres annee et la
contrainte energelique qui persiste
malgre de gros investissements publics.
Ces contraintes sonl plus sheres dans les
regions moins developpees du pays que
dans les regions plus developpees.

Le credit rural indien a ele un des
elements de la politique d'intervention
des cinq demieres decades (depuis
J'inMpendance du pays). Les buts de
cette polilique ont ete :

• d'institutionnaliser Ie credil :
• d'elargir la couverture:
• d'assurer uoe foumiture financiere

opponune el adequale ala frange la
plus large possible de la population
rurale ; et

• d'atteindre un taux de croissance au
niveau de la production agricole el
de I'emploi dans Ie moude rural.

Le credit rural indien resulte autant de
I'evolution que de rintervention. Jusqu'a
la fin des annees 60, la polilique
d'inlervenlion visail essentiellernenl les
cooperatives considerees cornme mielL"
adaptees a cette lache. Mais comme
la'signale le« Comite d'Etude du Credit
Rural pour louIe nude .. malgre louIe
I'assislance apportee. les cooperatives
presentaient cependant plusieurs signes
de faiblesse sous la forme d'ameres.
d'inefficacile institutionnelle el de non
appropries. el elles n'elaienl pas adaptees



et les
etats;
credit

asatisfaire Ie besoins croissants des tech
nologies emergeames ainsi que des inno
vations liees aIa production, ala transfor
mation et a la commercialisation dans Ie
secteur rural. La nationalisation des
principales banques commerciales en
1969 et I'introduction des banques
regionales rurales (RRB) en 1975, ant
donne un nouvel elan aux succursales
bancaires des zones rurales. Le systeme
bancaire commercial a considerablement
agrandi sa sphere d'activite, dans un delai
relativement court, apportant certains
gains reels tels que:

I'elargissement des infrastructures
rurales destinees a I'octroi du
credit;
I'augmentation de la vulgarisation ;

• la reduction de l'influence des seg
ments non organises; et
l'acceleration des flux de credit
pour les activites agricoles et
cannexes.

Par contre, en ce qui concerne Ie debit,
Ia qualite du service bancaire a souffer!.
les artieres ant augmente, la morale du
remboursement a baisse. et la rentabilite
et la viabilite de Ia structure
institutionnelle ont Cte serieusement
erodees.

La situation actuelle

En Inde, les utilisateurs du credit rural
ontacces au credit soit par l'intennediaire
d'une structure organisee au formelle, qui
opere dans Ie cadre des stipulations
prevues par la loi indienne sur Ies societes
bancaires (Indian Banking Companies
Act) de 1956, soit d'une structure non
organisee et informelle qui opere en
dehors de cette loi.
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La structure organisee ou jormelle

La structure formel!e est organisee
camme suit:

A sa tete

La Banque de Reserve Indienne
(RBI)
La Banque Nationale d'Agriculture
et du Developpement Rural
(NABARD)

• La Banque de Developpement
Industriel de !'Inde (IDBI)

Au niveau intermediaire

Les banques commerciales du
secteur public et prive
Les banques rurales regionales
(RRB)

• Les banques de developpement
agraire (LDB)
Les caisses d'epargne et de credit
d'etat (SCB)
Les banques centrales de
cooperation (CCB)

A sa base. en contact direct
avec les agriculteurs

• Les societes de credit agricole
primaires (PACS);
Les banques centrales
gouvernements des
principalement pour Ie
subventionne;
Les succursales des banques
commerciales rurales; et

• Les succursales des banques rurales
regionales.

La Banque de Reserve Indienne (RBI)
est responsable de Ia politique generale et
sert la NABARD et la Banque de



DeveloppemeDt IDdustriel de I'Inde
(IDBI), qui a leur tour assurent Ie
finaDcement de toutes les banques
affiliees asavoir RRB. SCB et SLDB. Le
financement par la NABARB est anribue
aux entrepreneurs ruraux par
I'intermediaire d'un systeme de
cooperatives a deux et/ou trois niveaux
respectivement pour les prets a long.
court et moyen terme. Dans Ie cas des
banques commerciales et des RRB. Ie
credit est accorde directement aux
utilisateurs. Le credit subventionne est
octroye par les gouvemements des etats
par I'intermediaire des services de leur
district ou de la banque chef de file de la
region.

En depit d'une organisation et d'un
finaDcement adequats el du sourien
apporte par les politiques d'intervention.
la structure formelle D'assurait que 65 %
environ du credit rural en 1996. Cette
incapacite acouvrir 90 % voire plus des
besoins en credit rural s'explique par
plusieurs raisons :

• les inlerveDtions politiques, surtout
lorsque l'empruDt provient des
caisses d'epargne et de credit;

• Ie retard de decaissement des traites
des emprunt ;

• les arrieres anterieurs rendant
I'emprunteur ineligible;

• des procedures de trailement de
prets lourdes et bureaucratiques.

Le resultal est que les petits paysans
marginaux a la recherche de credit
institutionnel ne peuvent pas obtenir de
credit.
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La stnldll" ilfforwtdJ~

011 inorglUlisk

La part du secteur informel dans la
dette totale du monde rural. est estirnee de
nos jours a 35 pour cent. Le secteur
infonnel comprend ;

• Les preteurs d'argenl profes
sionnels : leur role principal est
d'accorder du credit rural.

• Les preteurs d'argent occasionnels:
ils assurent un financemeDt
occasionnel et se consacrent
essentiellement ad'autres acti"ites
rurales.

• Les banques indigenes; il s"agit de
banques indigenes ou privees
regionales.

• Les commer~ts : ils procurent les
semences, les pesticides. les engrais
et Ie materiel agricole acredit.

• NIDHIS : lettre Hundi pour un
emprunt.

• Reconnaissance de delle : un
justificatif de credit collectif que
tout membre du groupe peut utiliser
comme et quand necessaire.

• Les proprietaires fonciers ou les
gros exploitants agricoles : ils
possedent de grandes proprietes
terriennes et ne financent que leurs
melayers.

• Les amis ; ils accordent des prets a
court lenne.

Le secteur informel continueadominer
la scene du credit rural d'abord parce que
ses agents combinent Ie pret a d'autres
activiti:s economiques rurales. telles que
par exemple la tenue d'une epicerie. la
transformation des produits agricoles. la
volaille, etc .. afin d'assurer ains; la
viabilite de leurs propres affaires. De
plus. leurs operations de pret sont tout a



fait souples, en ce qui concerne les
echeances, la destination du pre!, Ie
recouvrement du pret, Ie remboursement
en especes ou en nature et sont done
mieux adaptees aux besoins de
I'emprunteur. Les documents d'enregis
trement sont simples, non sujet it des
contr61es. Enfin ces preteurs informels
offrent I'avantage d'un contact personnel,
de clauses et d'un pret confidentiels et de
meilleurs rapports avec les utilisateurs.

Plan du c"fdit de district

L'efficacite du credit accorde depend
de la qualite de I'integration des
possibilites de l'infrastructure, des inno
vations technologiques, de la recherche et
du soutien it la vulgarisation.
L'integration de ces differents
composants est en general faible parce
que les divers services ont tendance it
fonctionner de fa90n compartimentee,
I'interaction sur Ie terrain etant minimale.
II etait done necessaire de renforcer cette
integration de tous les domaines au
niveau du district. Par consequent, un
concept de banque « chef de file» a ele
introduit pour chaque domaine de service.
Le chef de file peut etre, ou une
cooperative, une banque regionale rurale
(RRB), ou une banque commerciale. II
agit comme un chef de consortium pour
coordonner les efforts de toutes les insti
tutions de credit du district octroyant du
credit it des fins d'extension de la
sue curs ale et de satisfaction des
demandes de credit de I'economie
rurale.La planification du credit pour un
village ou pourune region a plus de Sens si
tout Ie credit et les services de
developpement de la region s'unissent
pour preparer Ie plan de credit et allouent
it chaque service une tache propre it
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accomplir lors de la mise en place du dit
plan de credit. n faut une meilleure col
laboration entre banquiers et agents du
developpement pour parvenir it cet
objectif. Pour ameliorer la qualite du
credit ruraL RBI a lance une nouvelle
approche connue sous Ie nom de
« approche par domaine de service )} it
partir d'avril 1989.

L'element crucial de cette approche
par domaine de service est I'interaction
du plan de credit de chaque succursale de
banque avec « Ie Plan de Credit du dis
trict », qui prend en compte l'aide
financiere et les infrastructures
disponibles pour celte region.
Recemment I'approche par domaine de
service a evolue en plan de credit lie au
developpement.

La segmentation du credit rural

Dans Ie cadre du dispositif actuel, Ie
credit agricole 'tout venant' pour les
activites de production agricole et autres
activites Mes it I'agriculture, pour Ie
court, moyen et long terme est fourni par
un reseau elargi de cooperatives et/ou de
« domaines de service }) designes des
banques commerciales ou de succursales
de banques regionales des regions rurales
et semi-urbaines.

Le credit de production en exploitation

Le credit de production necessaire pour
assurer la production en matiere de pro
ductions vegetales sur I' exploitation est
accorde sous la forme de :

• pret consenti sur la recolte ;
• credit liquide consenti sur la

recolte ;



• facilires de decouvert consenti sur
la recolte ; ou

• variation du systeme de cane de
credit agricole.

La RBI publie frequemmemdesdirec
rives sur Ie systeme de credit agricole.
Une echelle appropriee de financement
pour chaque culrure est fixee par les ser
vices agricoles, en accord avec les expens
agricoles du chef de file du district, aussi
bien pour Ie credit liquide que Ie credit
sous forme d' intrant Les intrants sont
parfois foumis en narure. Ces «helles
varient selon que les cultures sont
irriguees ou non irriguees et suivant Ie
niveau de developpement de la region
consideree (developpee versus non
developpee).

Le credit d' investissement est accorde
suivant des plans specifiques aux
produits, c'est-a-dire que Ie pret depend
du type d'activite. II est d'habitude
autorise sur la base de I'economie de
l'activite, du modele de l'actif passif et
des revenusldepenses des emprunteurs.
Les prets d'investissement sont
disponibles pour :

• la mise en valeur des terres ;
la mecarnsation agricole ;

• la petite irrigation telle que Ie
fon.,age d'un puitslforage ;

• la production et Ie conditionnement
des graines ;

• I'horticulrure et les plantations ;
• les operations de fin de recolte ;
• la construction d' entrepots

frigorifiques ;
• I'exploilation agroforestiere ; ou
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• I'installation d'une usine de pr0

duction de gaz. etc.

Alors que les besoins en credit pour la
production reviennent chaque annee. les
agriculteurs en general n' investissent pas
chaque annee dans l'un ou I'autre des
domaines cites precedemmenl. Par
consequent suivantl'activite la duree du
pret varie entre 3 et 9 ans. Avant
d'accorder les facilites de credit. les
banquiers procedent a une evaluation
totale du systeme des cultures regionales,
du revenu potentiel de la production et des
antecedents de remboursement des
ernprunteurs.

Les Iimites de credit fixees pour Ie
credit de production sont en general tres
inferieures aox couts reels de production
et au revenu anticipe. Par exemple. les
couts de production de sorgho grain en
culrure ou pluviale, irriguee suivant les
pratiques culturales standard recom
mandCes, s'eleventtespectiv·entent a en
viron 1740 et 2570 roupies indiennes par
acre, Pour Ie mil, ils atleignent
respectivement 1445 et 1965 roupies
indiennes. Toutefois. les banques ont fixe
une limite uniforme au credit de produc
tioo a 1200 roupies indiennes pour Ie
SOIgho grain et 900 rouples indiennes
pour Ie mil. Compte tenu de la grande
difference entre les depenses reelles
encourues et les limites fixees par les
baoques, les agriculteurs SOD! obliges
d'emprunter aupres du secteur informel a
des taux d'interet tres eleves. Les
entreprises de semences accordent du
credit pour la production de leurs
semences de sorgho et de mil sous contrat
aox multiplicateurs dans Ie cadre d'un



programme de garantie de groupe. Elles
accordent des garanties croisees au chef
de file du district, au nom des
multiplicateurs contractuels, pour payer
d'abord Ie principal et les inten~ts de tous
les comptes (des emprunteurs) ilpartir des
revenus generes par leurs graines, pour
ensuite payer Ie reliquat il chaque
multiplicateur. Les banques preferent ce
systeme, dans la mesure OU il assure pres
de 100 pour cent du recouvrement du pret
et que I'utilisateur obtient une
disponibilite de credit opportune,
suffisante et convenable au taux d'interet
courant subventionne.

Lesecteurruralnon-agricole

Le secteur rural non agricole
represente environ 16 % de la population
du pays. En depit d'une expansion
importante du flux du credit pour Ie
secteur agricoIe, Ie sentiment est que les
investissements en particulier les
investissements non agricoles sont
depasses par la demande. On estime que
Ie plus fort stimulant de la croissance de
I'economie non agricole dans les regions
rurales est une croissance agricole
soutenue. Mis il part I' agriculture, les
principales activites nonagricoles
assurant la subsistance comprennent
I'elevage, la pisciculture, la sylviculture
et I' exploitation miniere.

Les menages ruraux exercent diverses
activites aussi bien agricoles que non
agricoles pour completer leur cash-flow.
Ces activites qui comprennent Ie petit
commerce, les micros agro-industries, les
transports Iocaux, etc., ont des besoins
modestes en capitaux et conviennent
parfaitement au financement d'origine
bancaire. C'est pourquoi, les banques
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rurales con90ivent des plans de credit
specifiques aux activites de ce secteur
afin d'accorder des prets il court terme de
3 mois au plus avec versement
hebdomadaire ou il la quinzaine
d'acomptes sur Ie principal! interets. Les
besoins des emprunteurs sont
frequemment reevalues et des prets
reguliers de plus en plus importants sur
des periodes plus longues sont offerts. Un
systeme de remise automatique sur les
inten~ts en cas de prompt paiement a ere
integre dans tous les plans de credit afin
d'encourager Ie remboursement. Le
credit pour [e secteur non agricole
presente un fort renouvellement du fait du
recyclage rapide des fonds qui augmente
Ie flux de credit.

Le secteur informel

Les problemes que rencontrent les
pauvres, dans [e cadre de leurs transac
tions avec les institutions financieres sont
nombreux. Les facteurs qui limitent leur
capacite il emprunter aupres des institu
tions organisees de credit sont :

• Ie manque de comperences
I'ignorance des possibilites
economiques

• leur incapacite il se conformer aux
exigences des procedures.

L'administration des districts encou
rage par consequent la formation de
« Groupes d'entraide autonomes» (SHG)
(groupes visant il aider les gens il a!teindre
un but grace il des efforts personnels) par
Ie biais des Organisations Non
Gouvemementales (ONG) qui servent
d'intermediaires entre les SHG et les in
stitutions financieres. Sous autorisation
de la RBI, les institutions de pn~t



considerent les SHG comme faisant panie
de Jeurs prets habituels. Les banques,
directement ou par Ie biais des ONG
pretent aux SHG qui aleur tour, pretent a
leurs membres. Les SHG, en paniculier
celles formes par les femmes des regions
rurnles ont enregistri: de grands succi:s.

L'avantage des SHG et des ONG pour
les banques est Ie repon al'exterieurd'un
cenain nombre des elements du travail du
cycle de credit tels que:

• revaluation des besoins de credit;
• I'estimation, Ie deboursement, la

supervision, Ie remboursement ;
• la reduction de la bureaucracie.

d'oil la reduction consequente des
couts de transaction ; et

• Ie recouvremenl d'environ 95 %
des creances.

Besoins de credits hi-tech
du secteur rural

POUT repondre efficacement aux tech
nologies agricoles emergentes conduisant
aune agriculture hi-tech avec des besoins
en capitaux intensifs de credit, la RBI a
encourage les banques a:

• ouvrir des succursales hi·tech dans
les regions rurnles ;

• utiliser des expens pour evaluer la
faisabilite des propositions de
projet;

• autoriser les prets ; et
• suivre l'evolution du projet par Ie

refinancement a 100 % par la
NABARD.

Quelques exemples de projets hi-tech a
fone utilisation de capitaux pour les
projets de financement rurau.x :
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• la production de semences, Ie
conditionnement et la commerciali
sation

• La floriculture
• la culture des charnpignons
• I'aquaculture
• la culture de tissus
• la valeur ajoutee aux denrees

agricoles destinees aux centres
urbains et aux exponations.

Dans Ie cadre des Phases I, II, et III du
Projet National Semencier fmanc:i: par la
Banque Mondiale, des credits ont ele
OClroyi:s a des entreprises sernencieres
naissantes. a des laux d'inlerel
subventionni:s et sous forme de de\ises
pour imponer du mali:riel de transfonna
tion el de la technologie.

Cridit sub~"tio""i

Le Gouvernement Central el \es
gouvernements des etats recourent
parfois aux cri:dits lii:s a la subvention
pour promouvoir un nouveau produit ou
un processus du secteur rural. Les plans
de credit subventionne s'interessent
essentiellement al'accomplissernent et la
mise en place des objectifs physiques
raisonnables du districL La subvention est
en general accordi:e par Ie biais des chefs
de file dans Ie cadre de « I'approche par Ie
developpement regional ». Elle est
deboursee par I'intermediaire de la
banque chefde file de la region alaquelle
appanient l'emprunleur. L'i:chelle de la
subvention vatie enlre 25 et 75 % du coilt
total. Certaines subventions sont
pi:riodiques, d'aulres ne sont que des
deboursements uniques. Des exemples
recents de credit subvenlionne
comprennent mise en place d'un verger.
etablissement d'un laboratoire de culture



de tissu, installation d'une usine de
melange d' engrais, achat de systeme
d'arrosage ou d'irrigation au goutte ii.
goutte, construction d' entrepot
frigorifique. L'impact de telles subven
tions est d'habitude insuffisante pour
elever les familles au-dessus du seuil de
pauvrete ou procurer une activite
remuneratrice.

Les taux d'interets

Le secteurformel

Le gouvemement indien croit qu'au
stade actuel du developpement du march<'
monetaire indien et du marche des
capitaux, la fixation des taux d'interet ne
peut pas etre completement laissee aux
forces du march<' et qu 'une bonne dose de
reglementation est necessaire pour etablir
une mobilisation ordonnee de I'epargne
financiere ii. des fins de developpement
economique planifie et dans I' interet de la
viabilite des operations bancaires. II
reconnalt egalement Ie besoin d' etablir un
systeme de taux administres moins
complexe, plus souple, de reduire
I'etendue des concessions, partout ou cela
est possible, et de disposer de categories
de pret concessionnaire.

Pour Ie credit rural, la categorie du
financement concessionnaire comprend :

• les petits paysans et les paysans
marginaux ; et

• les autres, les sections plus faibles
seulement.

L'autre categorie qui indue Ie reste, est
libre de toute regie mentation ii.
I'exception d'un plafond maximum de
IS,S % sur les taux d'interet.
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A partit du I"juillet 1996, la Banque de
Reserve Indienne, a accorde une ligne de
credit special (GLC) ii. la NABARD ii. un
taux de 5,5 % par an. A son tour, la
NABARD accorde des Operations
Agricoles Saisonnieres (SAO) de
refinancement du credit aux cooperatives
et aux banques chefs de file, ii. 6,5 % ii.
court terrne, par exemple pour des credits
de production des recoltes. Les banques, ii.
leur tour. sont tenues de fixer I'interet/le
taux d'interet de fa90n a ce que
globalement, Ie gain d'interet par les in
stitutions de base, asavoir les PACS, les
PLDB, les RRB et les marges brutes
realisees par les banques commerciales
soient compris entre 5 et 7 pour cent. Du
point de vue des banques, Ia regulation
des taux d'interet est un frein a['octroi de
petits prets car les banquiers ont tendance
arechercher des plus gros emprunts. Ceci
explique en partie pourquoi la part des
banques commerciales comme source de
credit pour les productions vegetales est
plus faible que la part des cooperatives.
Pour les prets octroyes sur les cultures, il y
a une demande substantielle non satisfaite
qui est actuellement resolue, soit par un
recours a un preteur, soit par une
reduction de I'emploi des intrants ce qui
dans les deux cas est une cause de perte de
revenus pour I'agriculteur. C' est
pourquoi la RBI a recemment deregule les
taux d'interets pour Ie credit et desorrnais
Ie taux debiteur du credit acourt terrne se
situe entre 12,5 et 16,5 %, et est
negociable. Le gouvemement est oblige
de rembourser Ie chef de file, au cas ou il
['aurail conduit a octroyer des credits a
certaines categories d' emprunteurs
ruraux, ades taux moindres que celui du
taux minimum fixe ii. 12,5 %.



En principe pendant la preparation du
plan de credit pour Ie district, les objectifs
fixes pour Ie financement des plus
defavorises et des plus pauvres sont tels
que les banques peuvent supporter les
pertes subies pour ce secteur en les
compensant par les gains issus de leurs
prets commerciaux. Le financement
obligatoire doit se trouver dans les limites
imposees par " inter financement de sorte
que la >iabilite de l'instirution ne soit pas
negativement affectee.

Dans Ie cadre des activites
commerciales ou du secteur non agricole,
NABARD,1DBI accorde des prets aux
chefs de file Ii 9,5 % et ce demier a la
flexibilite de preter Ii 12,5 % et plus. Les
prets consentis aux organisations tribales
ou aux autres sections les plus demunies
de la societe, SOD! accordes Ii I % de
moins que Ie taux d'interet courant.

Les taux d'interet fixes par Ie secteur
informel varient considerablemenL I.e
taux d'interet minimum est habi
tuellement fixe Ii 24 %, contre
I'hypotbeque de la recolle sur pied, IIIIe

certaine propriete, un terrain ou la
secw;te de l'or, de l'eqwpernent agricole
ou meme d'autres biens du foyer. Cette
forme de pm est d'habitude disponible a
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la communaute paysanne. Les
agriculteurs qui n'ont pas acees au secteur
organise de la finance, ont d'habitude
recours Ii cene voie. Dans de nombreux
cas, en cas d'urgence, ils satisfont leurs
besoins en financement en acceptant des
prets Ii ces Ires hauts taux d'interet. Le
taux d'interet maximum peut s'elever
jusqu'li 50 %, selon la credibilite de
l'emprunteur. Ce financement est en
general disponible au secteur non agricole
et Ii ceux qui ne peuvent fournir aucune
securite. Le taux d'interet est negociable
et est en general accorde mensuellemenL
La premiere traite de I'interet est deduite
du paiement initial (du rnontant du pmI.
Les utilisateurs ruraux de ce type de pm
sont les plus pauvres artisans el
agriculteurs qui ont du mal Ii obtenir du
credit aupres du secteur organise. En rai
son de l' interet eleveapayer chaque rnois,
une fois pris dans les griffes de ce S)'Steme
de pre!, il est Ires difficile de s'en sortir.

Rembounement du prft

Les ant6cJ:dents prouvent que:

• Ie =ouvrement des preis par les
cooperatives et la RBI est Ires fai
ble. nvane entre 50 et 60 %.

• Ie fl:ClOUvrerDent des preis par les
s\I£cursales rurales des banques
COIDlIIerCiales est d'habitude de 80
%ouplus.
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Tests d'evaluation de la qua6te des grains
de sorgho pour des bouillies epaisses

traditionneUes en Afrique

G, F1iedel. C. Sambumukama. L, Songre. F, Matenncio

Introduction

L'un des objectifs principaux du
Laboratoire de Technologie des Ce..eales
est d'etudier la qualite des grains pour une
transformation doonee, afin d'aider les
selectiooneurs a identifier les varietes
ayant non seulement des bonnes
proprietes agronomiques mais egalement
des boones proprietes technologiques. Le
laboratoire s'est donc attache ad'une part
mettre au point des tests apartir de petites
quantites de grains pour peedire la qualite
technologique d'une variete et foumir
ainsi un outil aux selectionneurs tees tot
au niveau de la selection, et d'autre part
comprendre les bases physico-chimiques
de la qualite.

Le travail presente ici est une synthese
de plusieurs projets de recherches
finances par la Communaute Europeenne
en collaboration avec ditferents instituts
derechercheeuropeensetafricains: Vrije
Universiteit (Belgique), Universite
d'Hambourg (Allemagne), NRI
(Angleterre), IICT (Portugal) et IER
(Mali), CNRST (Burkina Faso), IPR
(Mali), BTC (Botswana), Sokoine Uni
versity (Tanzanie). II a ete realise
egalement avec I'aide des techniciens et
collc~gues du laboratoire.

Cette synthese rapporte principa
lement les travaux de mise au point de
trois tests d'evaluation de la qualite des
grains pour des bouillies epaisses
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traditioonelles en Afrique.Ce travail a
dernarre a la suite de deux constats : en
Afrique de 1'0ues!, Ie sorgho est produit
et largement consomme dans de
nombreux pays situes dans les zones
chaudes apluviometrie reduite de la zone
tropicale. Dans ces zones. seules les
varietes locales sont cultivees et la plupart
des nouvelles varietes proposees par les
selectionneurs n'ont pas ete adoptees par
les agriculteurs ni par les consommateurs.
En Afrique Australe, Ie sorgho a ete
progressivement delaisse au profit du
mais mais la plupart de ces pays souffrent
de secheresse et Ie mais ne peut survivre
dans ces conditions extremes. II apparait
donc ala fois necessaire et priorilllire de
relancer la production de varietes de
sorgho adaptees • ces zones mais
repondant surtout au gout des
consommateurs. Par ailleurs. des
enquetes de consommation ont montti
que I'un des plats traditionnels abase de
sorgho les plus largement consollllllCs en
Afrique est la bouillie epaisse
courammenl appelee « boule » ou
« pite ». Ainsi, a la demande des
selectionneurs, trois tests ont ete mis au
point au niveau du laboratoire pour
predire I'aptitude des grains de sorgho a
donner des bouillies epaisses
traditionnelles appreciees des
consommateurs: I'un sur Ie to d'Afrique
de rOuest, Ie second sur Ie bogobe
d'Afrique Australe (Botswana) et Ie
troisieme sur I'ugali d'Afrique de I'Est
(Tanzanie).



Trois tests differents ont ete
necessaires carces trois bouillies epaisses
sont differentes de par leur aspect, la
granulometrie de la farine, la concentra
tion en farine et Ie mode de preparation
mis en amvre. Ainsi Ie t6 d'Afrique de
I'Ouest est une bouillie lisse et homogene
preparee a partir d'une farine fine ; la
femme confectionne d'abord une bouillie
legere puis y ajoute progressivement Ie
reste de la farine tout en remuant tout au
long de la cuisson ; Ie rapport farine/eau
est d'environ 20 % parrapport ala matiere
seche. Le bogobe d'Afrique Australe est
un produit granuleux, tres consistant,
prepare a partir d'une farine mixte
(constituee d'un melange de particules
fines et grossieres) dont la concentration
atteint les 40 % m.s. ; Ie procMe de
preparation est plus simple: la farine est
versee directement dans l'eau bouillante
et la cuisson est effectuee dans une
marmite couverte avec une ou deux agita
tions en debut et en fin de cuisson. L'ugali
d'Afrique de l'Est est tres proche du t6 de
par sa texture, son mode de preparation et
la granulometrie de la farine ; seulle rap
port farine/eau differe : it est
intermMiaire acelui du t6 et du bogobe,
de I'ordre des 30 % m.s.

La demarche utilisee pour la mise au
point de ces tests a ete la suivante: I)
effectuer des enquetes sur Ie terrain
pour identifier les principaux criteres
de qualite d'une bonne bouillie;
2) apprendre puis transferer au niveau du
laboratoire la technologie de preparation
traditionnelle en utilisant des petites
quantites de grains; 3) mettre au point Ie
test d'evaluation de la qualite de la
bouillie ; 4) etudier les bases
physico-chimiques de la qualite.
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Materiel et methodes

Materiel

Le test d'evaluationde la qualite du to a
ete mis au point et teste sur plusieurs lots
de varietes en provenance de I'Afrique de
I'Ouest (IER, Mali; CNRST/INERA,
Burkina Faso, ICRISATIClRAD, Mali).
L' equation du t6 a ete verifiee sur 32
varietes en provenance de la station
ICRISATICIRAD a Samanko au Mali
(recolte 95).

La mise au point du test d'evaluation
de la qualite du bogobe a ete effectuee a
partir de trois farines commerciales
achetees au Botswana en fevrier 96, cinq
varietes en provenance du Departement
de la Recherche Agronomique au Bot
swana (recolte 95) et quatre varietes en
provenance de I'!CRISAT du Zimbabwe.
Ce test a ete applique a31 varietes dont,
24 de l'ICRISAT du Zimbabwe (une de la
recolte 95 et 23 de la recolte 96) et 8 du
Departement de la Recherche
Agronomique au Botswana (recolte 95).

La mise au point du test d'evaluation
de la qualite de 1'ugali a ete effectuee a
partir de huit varietes en provenance de la
Sokoine University en Tanzanie (recolte
95 et 97), cinq varietes en provenance du
Departement de la Recherche
Agronomique au Botswana (recolte 95) et
une variete en provenance de I'ICRISAT
du Zimbabwe (recolte 95).

Methodes

Analyses sur Grains Entlers

Avant toute analyse, les grains sont
nettoyes (elimination des poussieres,



glumes, grains brises) puis conditionnes 3
une humidite de II - 12 % pour laquelle la
durete varie Ires peu avec la leneur en eau
du grain.

L'indice de durete PSI (Particle Size
Index) esl detennine selon la methode
developpee par Fliedel et al. (1989), apres
broyage de 20 g de grains dans un broyeur
3 aiguilles type Falling Number KT 30
(tete de broyage semoule grossiere,
reglage 4) et tamisage du broyat pendant I
minute au travers d'un tamis de 250 11m
d'ouverture de maille (tamiseur 3 couranl
d'air Alpine type 200 LS). L'indice PSI
esl Ie pourcentage de broyal passant au
travers du lamis. Plus Ie grain esl dur, plus
Ie PSI est faible. Le rendement au
decorticage est obtenu apres decorticage
des grains pendant 5 rnn au TADD (Tan
gential Abrasive Dehulling Device). Ce
appareil de decorticage de laboratoire est
constirue d'un disque abrasif en Carbo
rundum toumant horizontalement sous
une plaque en acier de 8 coupelies.
Chaque coupelle est remplie de 30 g de
grains et 8 varieles differentes peuvent
etre traitees en meme temps. Le
rendement au decorticage est Ie
pourcentage de la masse des grains
decortiques par rapport aux grains entiers
peses au depart.

Ana~rses surfannes

Les farines sont preparees II partir de
grains decortiques au rendement constant
de 75 - 80 %. Plusieurs broyeurs ont ete
utilises pour reduire Ie grain decortique en
farine : Ie broyeur 3 marteaux Perten ou Ie
broyeur 3 helices Cyclolec pour
I'obtention d'une farine fine et Ie broyeur
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3 meules Cemotec 1090 pour robtention
d'une farine grossiere,

La granulometrie des farines est
determinee par tamisages successifs,
depuis Ie tamis d'ouverture de maille
75l1mjusqu'au tamis de 1000 11m, selon
la farine. Le tamisage est realise 3 partir
de 30 g de farine d'humidite constante et
peu elev"" (eO';ron 10 - II 00) au moyen
du tamiseur 3 courant d'air Alpine pen
dant 3 mn. On mesure Ie pourcentage de
farine ne passant pas au tra\'ers de chaque
tamis. La granulometrie moyenne G50
correspond 3 la maille du tamis retenant
50 0

0 de la farine.

La solubilite et Ie gontlement des
farines sont determines sur Ie;; bouillies
preparees 3 partir d'une suspension de
farine (7.1 % m.s.. soit 2 g de farine seche
dans 28 g d'eau) ayant suivi un cycle
complet de cuisson et refroidissement au
RVA (Rapid Visco Analyser modele 3 D.
Newport Scientific, Narrabeer, AustralieI
scion Ie profil de temperature suivant :
maintien 3 36 °C pendant 2 rnn, montee 3
90 °C en 9 rnn (6 cCirnnI, maintien 390 °C
pendant 5 mn et retour 3 36 'c en 9 rnn
(6 °Cmn). La bouillie est imrnediatement
transferee dans un rube a centri fuger de
50 ml. Apres centrifugation pendant
10 mn 3 une vitesse de 5000g a 25°C, Ie
sumageant (Ps) et Ie culot (PcI sont peses
separement puis seches 3 100°C pendant
24 el 48 h respectivement alln de
determinche (MSs el MScI. On calcule
trois parametres : la concentration en
materiel soluble dans Ie surnageant rS\I),
Ie pouvoir de gonf1ement (G) etla fraction
volumique de la phase dispersee (0I selon
les formules suivantes :



SM (mglml) = MSs (Ps - MSs)
G (gig) = (Pc ~ MSc) / MSc

'" = (27,25 - (Ps - MSs»/27,25

ou 27,25 est Ie volume total calcule (cm')
de la bouillie en considerant que la densite
specifique de la farine est de 1,5 g/cmJ

•

Analyses chimiques sur grains
entiers et sur farines

La teneur en eau est determinee selon
la norme NF V03.707, il partir de 5 g
d'echantillon broye, par pesee
differentielle apres passage ii'etuve i
130°C pendant 2 h.

La teneur en matieres minerales est
determinee selan la norme NF V03. 702, i
partir de 5 g d'echantillon broye, par
pesee differentielle apres calcination i
900°C pendant 3 h.

La teneur en lipides ethero-solubles
(ou lipides libres) est determinee, apres
dessiccation, par pesee des lipides extraits
selon une methode d'extraction de type
Soxhlet qui utilise Ie distillateur Tecator
Soxtec type HT. L'extraction des lipides
se fait i 100°C par trempage, puis rinyage
de I'echantillon ii'ether diethylique. La
teneur en proteines totales (% N x 6,25)
est dosee apres mineralisation de
I' echantillon par I'acide sulfurique
concentre en presence d'un catalyseur
(99,5 % de sulfate de potassium + 0,5 %
de selenium), par la methode Kjeldahl
avec un appareil Tecator automatique
Kjeltec.

La teneur en amylose est determinee
par une analyse enthalpique differentielle
(A.E.D.) ou D.S.C. (Differential
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Scanning Calorimetry) avec un Perkin
Elmer DSC 7 (Perkin Elmer, Norwalk,
CT) en utilisant des capsules hermetiques
en inox (Mestres et aI., 1996). Son prin
cipe repose sur la mesure des differences
d'enthalpie entre un echantillon et une
reference soumis i une cinetique de
chauffage et de refroidissement lineaires.
On determine la variation d'enthalpie de
la formation de complexes entre
l'amylose et un monoglyceride ajoute
(extrait i partir du jaune d'ceuf). La cap
sule de l'echantillon (10- II mg de farine
dans 50 III de L-a.-Iysophosphatidyl
choline 2 %) et la capsule de reference
(50 III d'eau ultrapure) sont chauffees de
35°C i 160°C i raison d'une montee de
8 °C/mn, maintenues il 160°C pendant 2
mn et refroidies de 160°C il60 °C il raison
d'unedescentede lOoC/mn. L'exotherme
de formation de complexes entre
l'amylose et Ie phospholipide au cours du
refroi- dissement est proportionnel il la
teneur en amylose de I'echantillon qui est
determinee par comparaison i un temoin
(l00 % d' amylose pure de pomme de
terre).

Mise au point et discussion des tests
d'evaluation de la qualite

Mise au Point du test d'ivafuation de fa
qualitt! du To

Traditionnellement, la femme tamise
la farine obtenue apres, Ie plus souvent
encore, decorticage des grains au pilon et
broyage au broyeur il marteaux ou il
meules du quartier. Elle prepare ensuite
un « Jait de farine » en diluant une petite
partie de cette farine fine dans de I' eau
acidifiee (avec du jus de citron ou de
tamarin), alcalinisee (avec de la potasse



provenant des cendres de bois) ou non.
suivant I'etbnie ou Ie pays auxquels elle
appartient. Puis elle verse ce « lait de
farine » dans une marmite d'eau
bouillante pour obtenir, apres environ 8
minutes de cuisson, une bouillie legere
dont elle mettra une partie de cote. Elle
ajoute ensuite par poignees Ie reste de la
farine tout en remuant vigoureusement
avec une spatule en bois tout au long de la
cuisson. La bouillie s'epaissit, devient
Iisse et homogene. Elle peut en rectifier la
consistance en rajoutant en fin de cuisson
un peu de la bouilie legere mise de cote.
Apres 20 minutes. Ie to est pret. 11 est scm
avec une petite calebasse accompagne
d'une sauce II base de legumes (oignons,
tomates, gombo), viande ou poisson. II est
consomme aux ptincipaux repas et les
restes, s'il y en a. sont utilises, rechauffes
ou non, Ie lendemain matin au petit
dejeuner avec du lait caille ou de la sauce
d'accompagnement.

Les ptincipaux ctiteres de qualite du to
sont par ordre decroissant d'importance
sa consistance, sa capacite de conserva
tion pendant la nuit sans rejet d'eau
(phenomene de synerese). son gout et sa
couleur. Un bon t6 est ferme, garde sa tex
ture pendant la nuit., est clair et a un bon
gout (pas de gout de son, pas
d'amertume... ).

Au niveau du laboratoire, Ie test
developpe comme suit est base sur
I'evaluation de la consistance du t6, pre
mier critere de qualite, puisque les
enquetes sur Ie terrain ont montIi qu'en
general un t6 ferrne se conserve bien toute
Ia nuit. Apres decorticage des grains au
rendement constant de 75 % avec Ie
decortiqueur TADD (Tangential Abra
sive Dehulling Device) et broyage au

broyeur amarteaux Perten. la farine fine
ainsi obtenue (granulomettie moyenne
d'environ 150 11JTI) est melangee a de
I'eau distillee froide dans les proportions
suivantes: 16,8g de fanne aone humidite
de 11,5 % dans 90 ml d'eau, soit un rap
port fannesecheeaude 16,5 %\rn mI. La
bouillie est cuite pendant 20 minutes au
bain-matie sous agitation mecanique
constante (400 tfmn) puis est coulee dans
deux petits cylindres en acier (4 em de
diametre et 2 cm de hauteur)~ sur one
plaque de verre et rehausses de 0,5 em par
une bande adhesive. Apres un Slockage de'
20 h eD\;ron dans une etuve a 35°C
saturee en eau. \a bande adhesi\'e est
enlevee, la partie supetieure du pilton
decapitee avec un til de peche et un
echantillon de to de texture homogene et
de taille constante (3 cm de diametre et 2
cm de hauteur) est obtenu II ('aide d'un
emporte-piece.

La consistance du t6 est mesuree a
I'lnstron (Universal Food Testing Ma
chine type 4300) en effectuant des IeSIS de
compression de ('echantillon entre one
plaque et un piston. dont la \'itesse de
dl!placement constanle est de 5 mm mn.
Une force de resistance ala compression
(en Newtons) est enregistIie par un
capteur de force au cows de la pr0gres

sion du piston . La force necessaire pour
rompre ('echantillon a ere cboisie pour
mesurer la consistanee du to (Figure I)
parce qu'elle permertait une meilleure
differenciation entre vanetes. Plus Ie to
est ferrne, plus la force II la rupture est
elevee. Quatre repetitions sont effectuees
par \'anete (deux pi'ttons de t6 par cuisson
et deux cuissons par \·anete). Dans ces
conditions. deux \'aneles donI la fermete
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Figure 1. Courbe du test de compression d'un echantillon de to entre une plaque et un piston

differe de 1 N sont significativement
differentes au seuil de 5 %.

Mise au point du test d'evaluation de la
qualM du bogobe

Ce test a de applique iI un grand
nombre de varietes locales, ameliorees,
nouvellement introduites ou en selection.
Une echelle d'evaluation de la qualite du
t6 a ete etablie (tableau I). Les varietes
dont Ie t6 a une consistance superieure a
12 Newtons sont bien acceptees, etde tres
bonne qualite lorsque celle-ci depasse les
IS Newtons; ce sont pour la plupart des
varietes locales. En deya de 12 Newtons,
Ie t6 est mou et non apprecie.

Traditionnellement, Ie mode de
preparation du bogobe est tres simple; la
femme verse la farine directement dans
I' eau bouilIante en agitant avec un petit
fouet en bois en debut et en fin de cuisson.
Entre temps la marrnite est couverte et la
bouillie laissee a cuire pendant 20 a 40
minutes.

La farine peut etre obtenue au
mortier-pilon mais est tres souvent une
farine commerciale achetee au
superrnarche du quartier et provenant des
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Tableau I. Co.sistaoce do to dr 32 calth·.~~~ sorgl:~o_r~ P!!~~~~~_~_~~~ _
Fon:e ill rup~ Groupes IlontogCIXS Quallie du

---!J!!O\"ars (N) .t~LdeN~~KC'U!H . I~~ __ ,_

.2 > 18 A

4 18 - 15 B Tm, fmne

10 IS - 12 C Ft1'1IIIt

5 12 - 10 0 \t~'CO

9 10-'7 E \Iou
.2 < 7 f. _.. Trt-LR.!IJU

quelques 70 moulins existant maintenant
au Botswana. de capacite differente et
constitues tous de plusiews couples en
series de deconiquews RIIC (type PRL
fabriques localement) et broyeurs a
marteaux. Dans tous les cas, la farine est
uo melange de particules fines et
grossieres. Les principaux criteres de
qualite recenses sur Ie terrain sont la en
core, par ordre decroissant d'importance.
la fermete du bogobe. sa texture
graouleuse due a la presence de panicules
fmes et grossieres dans la farine, son goilt
non arner et sa couleur claire.

Au niveau du laboratoire, les grains
deconiques a 75 % au TADD sont broyes
dans deux broyeurs di fferents afiD
d'obtenir une farine de graoulometrie
proche d'une farine tradit;oDnelle ou
commerciale : 30 % sont broyes au
broyeur a helices Cyclotec (farine fme) et
70 % au broyeur a meules Cemotee:
(farine grossiere). Vingt-sept grammes de
cene farine mixte sont alors verses daDs
un beeher en acier innx directement pose
sur une plaque chauffante (1500 WaIlS,
reglage 4 pour r ebullition et 2 pour la
cuisson) et contenant 60 ml d'eau distillo!e
bouillante. Le melange est
immediatement remue avec une
fourchette pour eviter la formation de
grumeaux et Ie beeher recouvert d'une
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capsule de verre pendant les :W minutes
que dure la cuisson. Deu.x ag;tations sont
effectuees 5 minutes apres Ie debut et
avant la tin de la cuisson.

Pour la mesure de la consistanee du
bogobe, il a ete impossible de mouler des
petits patons pour faire des tests de com
pression comme dans Ie cas du to, compte
tenu de la texture tres epaisse et
granuleuse de ce produi!. Des tests
d'extrusion a I'Instron deja courammenl
utilises dans la mesure de la texture de
produits heterogenes comme Ie riz ou les
petits pois ont ete appliques au bogobe.
Immediatement apres cuisson.
l'echantillon de bogobe est transfae dans
la cellule d"extrusion. Au fur et a mesure
de la descente du piston a la \'it~

constante de 100 mm mn, on enregistre
tout d'abord une force de resistanee a la
compression qui augmentejusqu'a ce que
la bouillie passe au travers de la plaque
perforee situt:e au fond de la cellule; a ce
moment hi, la force de\ient constante :
c'est la forced'extrusion qui depend de la
consistance du produit (Figure:): plus Ie
produit est epais et consistanl. plus la
force d'extrusion est elevee. Trois
repetitions sonl effectuees par \ ariete.

Ce test a ele applique Ii 9 varietes
(recolle 95) en provenance du



Maximun

Minimun

Force d' extrusion

6

Deplacement du piston (mm)

8

Figure 2. Courbe du test d'extrusion pour evaluer la consistance du bogobe ou de J'ugali.

Tableau 2. Consistance du bogobe de 9 varh~tes en provenance du Botswana et du Zimbabwe.

Fo,ce~~n~
Groupes homogenes

Test de Ne-wman·Keuls
Cultivars 1__ Origine' (50/0)

BSHI 16,2B,H

Mmaba'itse B,H 18,5 2

Mahubc B,L 21,7 3

SDSL 2593 Z,I 23,9 4

Pato Z,I 24,2 4

Larsvyt Z, I 24,8 4

Segaolane B,L 26,0 4 5

Phofu B, I 27,5 5

Kuyuma Z, J 30,5 6

• B : Botswana; Z : Zimbabwe
H : hybride ; L ; variete locale amelioree ; I : variete introduite amelioree.

Departement de la Recherche Agrono
mique, Ministere de I' Agriculture du Bot
swana et de I'ICRISAT, Bulawayo, Zim
babwe (tableau 2), La force d'extrusion
varie de 16,2 N pour I'hybride BSHI it
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30,5 N pour la variete amelioree Kuyuma,
Le test de Newman-Keuls classe ces 9
varietes en 6 groupes significativement
differents ce qui montre que ce test de
laboratoire est tres repetable et differencie



bien les varietes. II a ete ensuite applique 3
30 autres ,-arietes (recolte 96) dont 23 en
selection 3 I'ICRISAT du Zimbabwe et
les autres (locales ou ameliorees) en pro
venance du Botswana. Deux Ires bonnes
varietes ont donne des forces d'extrusion
superieures 3 26 N: SDSL 89426 (26,2 N)
et 65D (30,1 N) et deux autres de moins
bonne qualite des forces inferieures 3 16
N : SDSH 94012 (14,4 N) et Mmabaitse
(15.7 N). Au dessus de 22 N,les varietes
sont bien appreciees et donnent des
bogobes consistants,

Mise au po;"t du test d'iva/uation de la
qualiti de I'ugali

Le procede traditionnel de preparation
de I'ugali est similaire 3 celui du to ; seule
la concentration en farine est plus elevee.
de I'ordre de 30 % m.s. Comme dans Ie
cas du to, I'ugali est consomme aux deux
principaux repas avec une sauce 3 base de
legumes, viande ou poisson. Le principal
critere de qua lite est 13 encore la
con.i'lance du produit.

En consequence, au niveau du
laboratoire, la preparation de rugali est
effectuee en suivant Ie test de cuisson du
to apres modification du rapport
farine/ean, et la consistance est eval"
comme dans Ie cas du bogobe, en
effectuant des tests d'extrusion puisque la
encore sa consistance trop epaisse n'a pes
permis de mouler des petits patons et
d'effectuer des tests de compression.

Les grains de sorgbo decortiques a
75 % au TADD sont broyes ensuite
finement au broyeur 3 marteaux Perten.
Ving\-sept grammes de farine fine 3 une
humidite de 11,5 % sont disperses dans 80
ml d'eau distillee froide (soit un rapport
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farine seche/eau (mlv) de 30 %) dans un
becher en acier inox et mis 3 cuire 20 mn
au bain-marie sous agitation mecanique
constante (400 tfmn). Apres cuisson,
I'ugali est immediatement introduil dans
la cellule d'extrusion et Mis 3 refroidir
pendanl un heure avant d'effectuer les
tesls d'extrusion pour en enluer sa
consislance, comme mentionne dans Ie
cas du bogobe.

Ce test a ete applique 3 13 "arietes en
provenance de rUniversite Sokoine
d'Agriculture, Tanzanie. du Departement
de la Recherche Agronomique, Botswana
et de I'CRISAT, Zimbabwe (tableau 3).
La force d'extrusion va de 23,1 N pour
rhybride BSH-I 3 54,1 N pour la variete
locale Langa-Ianga, Ces 13 ,-arietes soot
c1assees en 5 groupes signific.ativemenl
differents par Ie test de Newman-Keuls.
Au dessus de 38 N, rugali est considCre
comme acceptable par les consom
mateurs. L3 encore deux cultivars
donnent un ugali de mauvaise qualite. pas
8llSCZ consi.lanl : il s'agit de I'bybride
BSH-I et la variete Mmabaitse.

C_JHlrrUson des troD
tnts de hIbotYllOin

Les trois tests developpes au
laboratoire pour evaluer la qualite des
bouillies epaisses oot ete compares au
poiot de vue de leur reperabilire. de leur
habilire 3 discriminer les varietes et du
c1assement varietal.

Les 13 varietes cirees precedemment
ont ele decortiquees et broyees en farine
et uti1isees Ie meme jour pour preparer du
to et de rugali. Dans les deux cas. la
consistance de la bouillie a ete mesuree
une heure apres la cuisson. Vne analyse



Tableau 3. Consistance de I'ugali de 13 varietes de sorgho en provenance de Tanzanie, du Bot
swana et du Zimbabwe--_...:===-= .~=------

Origine'"

T.L

T,t

B,!

T,I

Z,I

Z,I

T,L

B.L

T,!

T,!

B,L

B,L

B,H

Force d'extrusion Groupes homages
Cultivars (N) Test Newman-Keuls, (5%)

Langa-Ianga 54,1

Mbangala 50,2 2

Phofu 43,0 3

Pato 42.0 3

Kuyuma 41,9 J

Macia 41,H J

Udo 39,H 3

Segaolane 38,9 3

Tegemeo t995 37,8 3 4

T~gemeo 1997 33,7 4

Mahube 33,3 4

Mmaba'itse 25.6 5

BSH-l 23,1 5

*T: Tanzanie ; B: Botswana; Z Zimbabwe
L : variele locale ameJioree ; J variete introduite amelioree ; H hybride

de variance au seuil de 5 % effectuee sur
I' ensemble des valeurs de consistance des
13 vanetes a donne un F de Fisher de 75,2
avec 7 groupes homogenes significa
tivement differents dans Ie cas du test de
compression du to, et un F de Fisher de
53,7 avec 5 groupes homogenes
significativement differents dans Ie cas du
test d'extrusion de I'ugali. Les coeffi
cients de variation ont de respectivement
de 6,7 % et de 4,2 %. Ces resultats
montrent que les deux methodes sont bien
repetables (faible coefficient de variation
proche de 5 %), notamment la methode
d'extrusion, et qu'elles differencient bien
les varietes, en particulier la methode de
compression avec un F de Fisher plus
eleve et un plus grand nombre de groupes
homogenes significativement differents
par Ie test de Newman-Keuls.

Si l'on observe Ie classement des
varietes obtenu en appliquant les deux
tests (tableau 4), on constate que ce
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classement n' est pas tout II fait identique,
Par contre, on peut observer que Ie groupe
des varietes donnant un bon to (superieur
II 12 N) se retrouve dans Ie groupe des
varietes donnant un tres bon ugali
(superieur II 40 N) et que Ie groupe des
varietes donnant un mauvais to (inferieur
II 8 N) se retrouve dans celui donnant un
mauvais ugali (inferieur II 35 N), avec un
groupe intermediaire moins defini
(compris entre 8 - 12 N pour Ie to et 35
40 N pour I'ugali).

La Figure 3 visualise la correlation (r~

+ 0,84**) existant entre la consistance du
to mesuree par compression et la
consistance de I'ugali mesuree par extru
sion pour les 13 varietes donnees. Ces
resultats montrent que les deux tests sont
relativement proches meme s'ils evaluent
des produits relativement differents d'un
point de vue rheologique,
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Dans Ie tableau 5 sont rassembles les
resultats des tests du to et de I'ugali pour
les varietes en provenance du Botswana
(tableau 4) et ceux du test du bogobe pour
ces memes varietes (tableau 2), On
constate que Ie classement des varietes est
cette fois-ci rigoureusement Ie meme a
deux inversions pres (Phofu pour I'ugali
et MmabaItse pour Ie to). On peut donc en
conclure que les varietes de sorgho qui
sont bonnes pour Ie to, Ie seraient aussi
pour I'ugali et pour Ie bogobe. Autrement
dit, les varietes considerees comme de
bonne qualite pour les bouillies epaisses
d'Afrique de rOuest Ie seraient pour
celles d'Afrique de l'Est et aussi pour
celles d'Afrique Australe. Ainsi, Ie
materiel vegetal interessant pour ses
bonnes qualites culinaires pourrait eire
transfere, s'il s'adapte aux conditions
agro-climati- ques, d'Afrique de l'Ouest
en Afrique de I'Est ou en Afrique
Australe et vice-versa. Ces resultats se
revelent d'un grand interet pour les
selectionneurs qui recherchent des vari
etes ayant a la fois des caracteristiques
agronomiques et technologiques

appreclees par les agriculteurs et les
consommateurs.

Bases physico-chimiques de la qualite
des bouillies epaisses

Pour comprendre quels sont les
constituants du grain relies ala qualM des
bouillies epaisses traditionnelles
d'Afrique, des correlations totales ont ete
etablies entre les differentes
caracteristiques physico-chimiques du
grain ou de la farine et la consistance des
bouillies (tableau 6). Pour les 13 varietes
analysees en provenance du Botswana, du
Zimbabwe et de la Tanzanie, la
consistance du to et de I'ugali est correlee
positivement et hautement significa
tivement ala teneur en amylose du grain
(+ 0,85 et + 0,84 respectivement) ou de la
farine (+ 0,84 et + 0,92 respectivement).
De meme pour Ie bogobe, ou les coeffi
cients de correlation obtenus avec la
consistance ont ete, pour les 9 varietes
analysees, de + 0,75 avec la teneur en
amylose du grain et + 0,94 avec la teneur
en amylose de la farine.

T-'.",ab",l"ea",u,-,S,:"__C=la=ss",e"m,,,e,ot des verities de sorgho du Botswana par les trois tests de laboratoire.

Cultivars To eN) Ugali fNl-. -'B"'o""go"'b"'e.l.!(N:!j)'---
Kuyuma 13,9 41,9 30,5

Phofu 11.3 43,0 27.5
Segaolane 9,8 38,9 26,0

Mahube 7,1 33,3 2t,7
Mmaba'itse 4,5 25,6 18,5

BSH-I 5,8 23,1 162

Tableau 6. Correlations entre 18 consistance des bouillies epaisses et certaines caracteristiques
physico-chirniques du grain ou de la Carine de 13 varietes de sorgho.

Grain I Farine

Consistance Amylose

To +0,85 .... J'
_U"g"'.!!!li -'+{)""',84· ..

• Significatifas %

.... Significatif 1%

Amvlose
+0,84'"
+0,92**
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-0,80*
-0,80*

Lipides Proteines



Contrairement au bogobe dont la
consistance n'est corrilee qu'a la teneur
en amylose. la consistance de I'ugali est
aossi corrilre mais cette fois de fa~on

negative 3 la teneur en cendres de la
farine, et celie du to 3 la teneur en cendres.
en Iipides, en proteines, toujours de fa~on

negative.

Ainsi, la consistance d'une bouillie
epaisse serait lire 3 la teneur en amylose
du grain et done de la farine. Plus Ie grain
est riche en amylose, plus la bouillie serait
de qual ite, c' est 3 dire ferme et
consistante. Pour les bouillies plus lisses
et homogenes et preparees 3 panir de con
centrations en farine plus faibles comme
I'ugali et sunout Ie to. la presence dans la
farine de parties peripheriques du grain
riches en matieres minerales, lipides.
proteines telles que son et germe, diminue
la qualite de la bouillie. Dans ce cas, des
grains non seulement riches en amylose
mais aussi Ires aptes au decorticage
(permettant de bien eliminer les parties
peripberiques du grain) et/ou plus riches
en amidon (contenant au depan moins de
matieres minerales, lipides, proteines)
seraient necessaires pour donner un bon
ugali mais sunout un bon to. Pour des
bouillies plus granuleuses et preparees 3
partir de concentrations en farine tres
elevees telles que Ie bogobe, la presence
de particules etrangeres 3 la farine ne
semble pas affecter la cohesion de la
« pate )} et sa texture. Seule la teneur
elevee en amylose des grains est
importante dans la qualite de cetle
bouillie.

Ces resultats ant ete confinnes en
effectuanl. pour cbacune des trois
bouillies epaisses, des regressions multi
ples progressives sur I'ensemble des vari-
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abies analysees. Pour les memes 13
varielCs, la consistance du to est
expliquee 3 96 % par dew, variables: en
premier et positivement par la leneur en
amylose du grain (r' = O. i2) suivie
negalivement par la teneur en proreines de
la farine, qui aurail pu tout aossi bien eire
la leneur en Iipides ou en cendres (meme
probabilite 3 "introduction de ces vari
ables apres Ie premier palier). La
consistance de I'ugali et celie do bogobe
(pour les 9 varietes analysees) sont
expliquees elles uniquernent par la teneur

en amylose de la farine 3 84 el 89 %
respectivement. L'analyse de 31 varietes
supplementaires a confirme dans Ie cas do
bogobe la preponderance de I'amylose
dans la fermete do bogobe. Quant au to.
plusieurs autres series de varietes ont
aussi ete analysees. La demiere sene de
32 varietes en provenance du Mali
(varietes locales el en selection) a abouti 3
I'equation suivante :

Consistance du to = + 11.28 + (0,33
x Solubilite de I'amidon) - (5.12 x
Matieres mineraJes de la farine)

avec 80 % d'explication de la
consistanee du to par les delL'I[ vari
ables solubilite de I'amidon et
teneur en matieres minerales de \a
farine.

Si la variable solubilire de I'amidon
n'esc pas introduite, c'est la variable
amylose qui arrive en premier pour
expliquer la consislanCe du to. De meme.
la variable matieres minerales de la farine
qui intervient de maniere negative dans la
qualite du to aurail pu 13 encore eire
remplacee par la variable lipides au
proteines. Ainsi, la consislance du to
dependrait en priorite de \a quantile de



macromolecules d'amidon solubilisees
en cours de cuisson, notamment de
macromolecules d' amylose, qui
augmentent la viscosit6 de la phase
liquide de I'empois ct done 1a fermete du
gel. Une deuxieme composante
interviendrait : la purete de la farine,
debarrassee des parties peripheriques du
grain et directement liee a I'aptitude au
ctecorticage des grains au ala plus grande
ricbesse en amidon du grain.

Nous pouvons done dire aux
selectionneurs : choisissez les varietes a
teneur en amylose superieure a20 - 21 %
m.s., correspondant a des teneurs en
amylose dans la farine superieures a24%
m.s. (tableau 7) ; parmi elles, ne retenez
que les varietes aptes au decorticage, c'est
a dire sums.mment dures (test du PSI)
pour etre usees de fa90n homogene pen
dant I'abrasion au Ie pilage et donner une
farine pure, au des varietes conten.nt au
depart mains de matieres minerales
(pericarpe fin), lipides (petit germe) au
proteines. Ces varietes devraient erre
acceptees par les populations locales et
donner un bon to.

Taus ces resultats peuvent nous
permettre de comprendre pourquoi les
femmes d' Afrique de rOuest qui
preparent quotidiennement Ie to, sont si

exigeantes sur la qualite de la farine,
pourquoi elles preferent laver Ie grain
eUes-memes, Ie decortiquer au pilon, Ie
relaver et etre sfues de Ie debarrasser des
sons et pr.tiquement de tout Ie germe,
pourquoi enfin la majorite des mini
minoteries, de par leur manque
d'hygiene, de nettoyage, de par leurs
operations de decorticage et stockage peu
adaptees aux exigences des femmes, ant
eu jusqu'ici si peu de succes dans ces
regions. Les varietes locales type guineen
qui ont des petits grains relativement
vitreux et durs, apericarpe plus fin, aptes
au decorticage, avec une teneur elevee en
amylose, donnent d'excellents to et ant du
mal a elre supplantees par les nouvelles
varletes qui ne regroupent pas ces memes
qualites.

A I'oppose, ces resultats peuvent aussi
nous permertre de comprendre I'etonnant
succes des farines commerciales au Bot
swana, praduites par quelques 70
minoteries, et qui, malgre une qualite
inferieure aune farine traditionnelle, sont
achetees dans les supermarches par les
femmes qui apprecient leur caractere
« pret aI' emploi », leur prix abordable et
qui considerent qu'eUes font un bon
bogobe. Les marques qui traitent la
variete locale Segaolane au nouvellement
introduite Phofu, riches en amylose, sont

Tableau 7. CODsistance du ta et teneur en amylose de 26 cultivars de sorgho en provenance du
VlaH

Consistance du Amylose du Amylose de la Groupes Qualite du to
tofN) grain (% m.s.) fanne (% m.s,) homogenes

> 18 > 22,5 > 26 A

18 - 15 22.5 -21.5 26 -25 B Tres ferme

15-12 21,5 - 20,5 25-24 C Ferme

12 - IU 20.5 - 19.5 24-23 0 Moyen

10-7 19,5 -18,5 23 -21 E MOD

<7 < 18....5 <2l F Tres mou
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beaucoup plus appreciees que les autres
qui sont produites Ii partir de melanges
d'hybridesd'Afrique du Sud. La presence
de son ou germe qui est inevitable avec ce
type de transformation industrielle ou
semi-industrielle ne semble pas eire un
frein Ii I'acceplabilile de ces farines par
les populations locales. Depuis
I'exislence de ces minoleries ella large
diffusion des farines, les femmes ne
veulent plus piler Ie grain, sauf si la
famille possede des champs.

Conclusion

Trois lests de laboraloire onl ete mis au
point pour predire la qualile des varieles
de sorgho en selection pour des bouillies
epaisses traditionnelles en Afrique: Ie to
d'Afrique de rOuesl (Mali, Burkina
Faso), I'ugali d'Afrique de I'Est
(Tanzanie) et Ie bogobe d' Afrique
Australe (Botswana). Ces lesl5 utilisent
des petiles quanlites de grains (20 Ii 35 g Ii
11,5 % d'eau), sonl .res repetables el
differencienl bien les varieles entre elles.

En appliquant ces trois lests aun meme
groupe de varieles, on a pu idenlifier un
groupe de bonnes. un groupe de
mauvaises el un groupe de varietes
intermediaires. Les varieles qui seraienl
bonnes pour Ie 10, Ie seraient pour I'ugali
el aussi pour Ie bogobe el vice \·ersa.

Vne bonne qualite de grains pouT une
bouillie epaisse esl essentiellemenl due Ii
une leneur elevee en amylose (superieure

Ii 20 - 21 % m.s.). Pour Ie to d'Afrique de
I'Ouesl, une deuxieme composanle
interviendrail qui rendrait comple de la
purete de la farine c'est Ii dire de sa
richesse en amidon. Cette deuxieme
composanle de purete pourrail expliquer
I'exigence des femmes d'Afrique de
1'00esl pour la qualile des farines que
I'on ne relrouve pas de fa,on aussi
marquee en Afrique Australe.
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Experience senegalaise en matiere d'implantation
et de renforcement d'unites semi-industrielles

de transformation du mil en zone urbaine

Dr. Ababacar Ndoye

Contexte

Les cereales locales incluant Ie mil
occupent pres de la moitie des superficies
cultivees au Senegal et assurent une pro
duction cerealiere annuelle de 800.000 a
1.000.000 tonnes. Pourtant, la moitie de la
consommation annuelle du pays en
cereales est couverte par I'importation de
400.000 tonnes de riz et de 200.000
tonnes de ble representant un COllt
equivalent a 80 a 100 milliards de francs
CFA selon les COurS du marche mondial et
du dollar.

Cette dependance du Senegal vis-a-vis
de I'exterieur a un impact tres lourd sur la
balance des paiements et constitue, en
outre, une perte d'opportunites de
revenus pour les producteurs ruraux
senegalais et les acteurs de la
transfonnation, puisque Ie riz importe ne
subit aucune operation locale. Or, les
principaux objectifs assignes au secteur
agricole portent sur une croissance
agricole soutenue de 4 % par an,
l'amelioration de la securite alimentaire,
ainsi que I'accroissement des revenus en
milieu rural et la generation d'emplois.
Pour atteindre ces objectifs, Ie
gouvernement du Senegal a adopte et mis
en reuvre une strategie de soutien de
l'offre en cereales locales.

Ainsi, depuis I'annee derniere, l'Etat a
engage un important programme de
relance de I' agriculture, axe sur
l'amelioration de l'acces des agriculteurs
aux facteurs d'intensification que
constituent la semence de qualite, les
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engrais, les pesticides et Ie materiel
agricole grace a un credit agricole
meilleur marche et a la portee du monde
rural. Le gouvernement a procMe a la
detaxation du materiel agricole et adopte
la mise en reuvre de divers programmes
d'accompagnement dont entre autres des
programmes de rehabilitation de la
consommation des cereales locales en
zones urbaines, notamment Ie mil.

En terme de consommation, si
l'evolution des habitudes alimentaires en
zone urbaine tend a privilegier Ie riz et Ie
ble au detriment du mil, ce dernier reste
encore la cereale utilisee pour la
preparation de la plupart des mets
ceremoniels ou rituels (Ie lakh pour les
baptemes, Ie nakk pour les deces, les bei
gnets pour les mariages, etc.... ), c'estdire
que les civilisations senegalaises sont
pour I' essentiel des civilisations fondees
au plan culinaire sur Ie mil et ses derives.
S'il y a donc une cereale susceptible, par
un effort d' adaptation aux modes de vie,
de rMuire la consommation du riz en mi
lieu urbain, c'est bien Ie mil. Toutefois, si
les citadins mangent de plus en plus
volontiers du riz et du ble, c' est en bonne
partie parce qu'ils sont disponibles sur Ie
marche sous fonne semi-transfonnee
grains traites, semoule, farine, couscous,
etc.)

Le probleme de la transfonnation du
mil est donc un prealable a sa
consommation etendue en milieu urbain.
C'est ainsi qu'une des strategies retenues
par Ie Senegal est de favoriser la creation
d'unites de transformation semi-



industrielles economiquement viables qui
pourraient donner au mil un regain de
popularite qui se traduirait par une
amelioration assez sensible de la balance
des paiements et de la commercialisation
de la production agricole.

Experience sinegalaise en matiere de
creation d'onites semi-indostrieUes de
transformatioo des cereales locales

Pour la creation de ces unites, ;1 a ete
admis que Ie processus de developpement
technologique ne saurait etre un
phenomene passif, de simple ttansfert ou
de diffusion de procedes, de produits ou
de machinismes. II doit plutot
correspondre a une politique volontariste
d'acquisition d'un savoir-faire ou d'une
infrastructure technologique appropriee,
librement choisie et destinee a repondre a
des besoins clairement delinis. Cene
politi que a ete renforcee par un
programme execute conjointement avec
Ie ClRAD. Les resultats ont motive les
pouvoirs publics a engager en 1989
I'operation Promotion du mil connue sous
Ie slogan « Dugub Sunu Cosaan " et les
produits «SoungoufJaboot " et (. SonthaJ
Jabaot », par les Moulins Sentenac avec
I'assistance de I'ITA en matiere de
qualite. Cene operation a eu pour objet
d'assurer la promotion d'une farine
(soungouf) et d'une semoule (sankhal) de
qualite telle que leur promotion aupres
des consommateurs urbains et
periurbains amene ces demiers ales
accepter et a les integrer davantage dans
leur alimentation.

Les pouvoirs publics ont eu aussi asup
porter en 1986 un programme confie au
Commissariat a la Securile Alimentaire
(CSA) consistant a mener la promotion
des cereales locales par Ie biais de
I'implantation d'un;tes semi-industrielles
de transformation dans des centres
urbains et gros villages. Ce programme a
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consiste en la selection d'operateurs
economiques que Ie CSA equipe en ma
chines (tarare polycereales, deconi
queuse, broyeur amarteaux, ensacheurs,
etc.), approvisionne en matieres
premieres et encadre aux plans technique
et commercial. Les promoteurs sont
charges de construire et d'amenager les
locaux devant abriter les machines qui
restent la propriete du CSA. Les
operateurs economiques sonl lies au
C.S.A. par un conttat les obligeant a
foumir toute information utile au sui,; et
aI'evaluation des unites.

Ces unites semi-industrielles dont
certaines sont encore en fonctionnement.
fabriquent et commercialisent de la farine
(soungo~f) et de la semoule (santhall
emballees dans des sachets en
polyethylene. Le programme du CSA a
catalyse I'apparition en lone urbaine de
ce type d'unites semi-industrielles qui ont
eu a iDlerpeller la recherche sur des
besoins de diversification de leur produc
tion.

C'est dans ce contexte qu'un
programme tinaD<:e en 1994 par Ie CRDI
et: execute par ITA s'est interesse a la
mkanisation des operations conduisant
lUX produits de seconde IraDSformation.
Ce programme base sur la mecanisation
de la production d'arraw (granule prepare
1 partir de 1a farine de mil) a en comme
objectifs de:

• mieux connaitre 1a taille et les
contraintes du marclle de I'arra,..
de mil;

• developper et tester au niveau
laboratoire une technologie
appropriee ala fabrication d'tunllt'
de mil ;

• tester a I'echelle pilote une
technologie appropriee ala fabrica
tion de I'arra...de mi Iet determiner
les conditions optimales de produc-



tion et de commercialisation en vue
d'assurer un transfert reussi a des
promoteurs.

Cette demiere phase est actuellement
en cours aupn"s de cinq (5) entreprises
dont quatre (4) ont accepte apres une
periode test de six (6) mois, de
rembourser en vingt (20) trimestres Ie
cout des elements constitutifs de la
technologie transferee (granulateur,
calibreur et sechoir a gaz, soude-sac et
balance).

Les necessites d'amelioration de Ja
qualite des produits de ces entreprises de
transformation des cereales locales ont
fait naitre des besoins de renforcement en
equipement de nettoyage des matieres
premieres (epierreur) et d'amelioration
des decortiqueuses abrasives. Ces besoins
ont ete recemment pris en compte dans Ie
cadre du Projet P5-ROCAFREMI
demarre en 1998.

1l est asignaler que Ie developpement
de ces entreprises de transformation du
mil au Senegal beneticie d'un contexte
particulierement favorable avec la mise
en reuvre de deux programmes de promo
tion des cereales locales dont l'un est
finance par Ie CILSS (PROCELOS) et
I'autre par l'Union Europeenne
(P.P.C.L.). L "appui de ces deux
programmes concerne les entreprises
artisanales, semi-industrielles (petites
unites), industrielles (minoteries,
boulangeries, biscuiteries) et de
restauration qui evoluent dans la transfor
mation des cereales locales (mil, mals,
sorgho) et du niebe.

Conclusion

Le Senegal a accompli des progres
assez significatifs dans la rationalisation
des technologies endogenes touchant Ie
mil, dans l' adaptation de technologies et
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dans la promotion de petites et moyennes
entreprises de transformation. Ceci grace
aux efforts conjugues des centres de Re
cherche/Developpement, du secteur de
l'artisanat, des industries de construction
mecanique et al' appui des partenaires au
developpement.

L 'approche volontariste a permis
d'enregistrer des resultats assez
encourageants dans I'implantation de
petites et moyennes entreprises de trans
formation de mil techniquement et
economiquement viables. D'annee en
annee Ie nombre des entreprises ne cesse
de croitre de meme que les quantites de
produits proposes ala vente et leur chiffre
d'affaire.

Afin de maintenir cette tendance et de
sauvegarder les acquis et de les renforcer,
les entrepreneurs semi-industriels de ce
secteur se sont regroupes en un
« Groupement d'lnteret Economique »
(G.I.E.) qui compte une vingtaine de
membres.

En terme d'experience en matiere
d'implantation de petites et moyennes
entreprises de transformation des cereales
locales beaucoup de choses ont ete
accomplies au Senegal mais beaucoup
reste afaire. Avec de la volonte, du travail
et de l'imagination, les chercheurs et les
operateurs economiques ont un beau chal
lenge a reIever, celui de la securite
alimentaire.



Contribution ala valorisation des procluits
agroalimentaires Joeaux dans Jes pays sabeliens

Mamadou Diouf

Introduction

Permenez-moi tout d-abord de feliciter
les organisateurs. au nom de Madame Ie
Secretaire Executif du CILSS et en mon
nom personnel_ pour la pertinence du
theme de ratelier qui materialise une
approche filiere novatrice, ainsi que les
responsables du Programme INTSOR
MIL qui ont Ires tot compris que mils et
sorghos sont intimement lies pour Ie
producteur et Ie consommateur de
\' Afrique sub-saharienne, particu
lierement au Sahel.

En effet. les responsables du
programme et les organisaleurs de
ratelier ont compris que les objectifs
vises ne seronl aneints qu'en associanl
tous les acteurs de la filiere, de la produc
tion agricole. a rutilisateur final en
general et du consommateur en
particulier. Celie approche est
certainement un des meilleurs moyens de
valoriser les efforts et les resultats de la re
cherche agronomique qui doit toujours
rester en .:veil pour maintenir Ie niveau de
performance des varietes creees qui de
plus en plus deHaient eIre pen,ues
comme des matieres premieres et non des
produits finis. Ainsi. la "alorisation des
productions agricoles par la transforma
tion et raccroissement de rutilisation. de
la consommation en particulier constitue
un domaine de convergence favorable au
developpement de synergies enlre Ie
programme INTSORMIL el Ie projet
PROCELOS du CILSS.
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Objectifs el approche du PROCELOS

Dans Ie cadre de son programme
majeur politique de securite alimentaire.
Ie CI LSS cherche depuis une dizaine
d'annees a soutenir, a travers ;on projet
regional PROCELOS, la "alorisation des
produits agro-alimentaires locaux ainsi
que Ie secteur de la transformation par des
actions de:

• Promotion de la consommation :
• Amelioration des connaissances du

sccteur de la transformation:
• Transfert et promotion de technolo

gIes appropriees ;
• Appui au de"eloppement de

produits de type nouveau a base de
cereales. ftuils et legumes. produits
de r elevage et de la peche. mielLx
adaptes aux types de consom
mation modeme ;
Sensibilisation sur la "aleur nutri
ti,'e et la qualite des produits.

Ces types d'actions ont ele retenus
plutot que de chercher a encourager
systematiquement les comingentements
et les restrictions sur les importations
dans Ie bUI de contribuer ala mise en place
de conditions permetrant au.x operateurs
economiques d'offiir des produits localLx
correspondant alLx goiits et au pou"oir
d'achat des consommateu.rs. Les pays du
Sahel ont compris en effel. depuis la fin
des annees 1980 que les regles du com
merce international et les lendances de la
solidarite intemalionale d'une part,



I'urbanisation rapide et la recherche de di
versification et de modernisation d'autre
part, leur imposaient de rapprocher I' offre
alimentaire des exigences de la demande
urbaine. Le CILSS a des lors choisi d'agir
sur Ie levier de la transformation. A cet
effet, I'objectif strategique est
«I 'augmentation significative de la place
des produits locaux dans les modes de
consommation des populations » tandis
que I'objectif operationnel des trois
dernieres annees etait « I'augmentation
de certains produits agro-alimentaires
transformes (PAAT) et I 'amelioration de
la valorisation ». Pour ce faire, Ie CILSS
devait ceuvrer it ce que les resultats
suivants soient atteints au terme de la
periode qui s'acheve :

Certains PAAT concurrentiels
soient mieux connus et plus attra
yants pour les consommateurs ;

• L 'environnement socioecono
mique, juridique et reglementaire
des entreprises du secteur so it
ameliore;
Les operateurs economiques du
secteur soient mieux organises et
plus performants pour satisfaire la
demande et prendre en charge la
promotion du secteur et la defense
de leurs interets ; et

• La qualite de I'offre en PAAT soit
amelioree.

Principales realisations du
PROCELOS

Le projet voulant surtout avoir un role
de facilitation, a beaucoup travaille en
partenariat avec certains acteurs,
developpe des synergies avec d'autres
dans la realisation de ses programmes
d'activite et mene seu! certaines actions.
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Les actions menees par les differents
organes du PROCELOS ont abouti it :

• mieux faire connaitre les PAAT mis
au point par la recherche et d'autres
acteurs. Ainsi, les semoules, farines
et autres produits tels que Ie cous
cous et les aliments pour enfants,
globalement competitifs sont
mieux presentes et plus attrayants
comme en temoigne leur presence
dans les rayons de grandes surfaces
modernes, des boutiques de
quartiers, des pharmacies et meme
leur exportation vers certains pays
du Nord.
Ie developpement du marche des
PAAT (augmentation des ventes et
parfois difficultes it satisfaire la
demande solvable).

• I' edition et la diffusion de livrets de
recettes culinaires dont I'evaluation
de I' impact sur la consommation
(faite au Senegal) a ete positive.
Certaines de ces recettes ont ete
communiquees it la FAO, it sa
demande, pour exploitation par son
programme INPHO en vue d'une
diffusion sur Internet.

• des reflexions qui ont ete menees
pour mieux apprehender les
problemes de I'emballage et identi
fier des solutions it court et moyen
termes dont la mise en ceuvre est en
cours dans certains pays alors que
des pistes de solutions it long terme
s'ouvrent dans la sous-region.

• I'etat des lieux de l'environnement
institutionnel economique et finan
cier qui a ete fait dans les pays avant
l'implantation formelle du projet ct
dans certains de ces pays un
approfondissement a ete opere et
des propositions d'amelioration it
plaider aupres des etats sont en
preparation.



• la creation d'organisations
professionnelles d'operateurs de la
transformation avec I'appui des
Relais Nationaux du PROCELOS
dans la filiere cerealiere et d'autres
filii:res.

• une certaine tendance a
I'accroissement du professionnal
isme des acteurs avec I'appui et
I'assistance des Bureaux-Conseil
mis a leur disposition par Ie projet
dans les pays.

• la publication de bulletins
agro-alimentaires nationaux
periodiques donnant des
informations sur des sujets
concernant aussi bien les
transformateurs que les autres
acteurs de la securite alimentaire.

• Vne prise de conscience de
I'importance de la qualite. Les
resultats anterieurs et ceux en cours
d'evaluation dans certains pays
resulterant dans I'adoption de nor
mes sub-regionales et de labels de
qualite qui seront presentes aux
gouvernements nationaux et aux
entites regionales afin de satisfaire
les exigences de qua lite des
citadins.

Problemes et diffic:ultes

Les principaux problemes auxquels
des solutions devraient etre trouvees
sont:

- Ie renforcement des capacites
entrepreneuriales, notamment par
I·organisation. la formation et
I'information;

- I' information pertinente en matiere de
resultats de recherche exploitables par les
entrepreneurs de la transformation en col-
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laboration etlou en partenariat avec les
chercheurs eux-memes;

- une meilleure gestion de la qualile par
les unites de transformation;

- I'amelioration de I'environnement
inslilutionnel de I'entreprise
agro-alimentaire afin qu'il soit plus favo
rable a I'epanouissement et a I'inno
vation;

- un systeme de financement des
activiles agro-alimentaires mieu.~ adaple
aux realites des operateurs economiques
afin de lever les obstacles a I'acces au
credit.

Couclusions et rec:ommandations

Le deficit alimentaire persistant. bien
que globalement amoindri. comble par les
importations commerciales et I'aide
alimentaire, a profondement modifie et
parfois bouleverse rnais surtout extrawrti
les habitudes a1irnentaires sous les ef'fets
conjugues des sequelles du colonialisme,
des cycles ripetes de secheresse, des lois
du commerce international. mais aussi et
de plus en plus, des conditions de vie dans
les villes.

Les problemes de securite alimentaire
vont se poser de plus en plus dans It'S cen
tres urbains el les modes de
consommation vont de plus en plus se
moderniser dans It'S zones rurales avec
leurs exigences ittherentes. 11 est des lors
urgent que la valorisation des productions
locales soit accrue pour en developper
davantage la consom- mation. 11 nous
semble que c'est Ie meilleur moyen de
stimuler la production, a condition que
des I'etape de creation d'nne ,-ariete, Ie



chercheur la destine a une utilisation
donnee. L'utilisation devrait
correspondre aun besoin identifie ou, en
core mieux, exprime par les utilisateurs
potentiels.

Les efforts fournis par la recherche ant
abouti a des resultats qui, bien
qu'insuffisarnment connus par ceux qui
ant vocation de les valoriser, constituent
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un capital potentiel en mesure de
satisfaire l'essentiel des besoins
alimentaires. Ce constat nous conforte, au
PROCELOS, dans notre fenne convic
tion que la bataille de la securite
alimentaire ne sera certainement gagnee
qu 'avec des produits locaux, de fa,on du
rable tout au mains, car on gagne
rarement une guerre avec les annes des
autres.



Facteurs et Recommandations
Pour la Production de Semence

Lee House

Introduction

Le petil mil esl la production vegelale
la plus imponanle du pays; il esl cultive
sur une superficie estimee 114,8 millions
d'heetares. Avee un emblavage juste en
dessous deux millions d'heclares, Ie
sorgho occupe la seconde place. Les
rendements sonl faibles de I'ordre de 350
a 400 kgfha, mais ces cereales sont
quasiment loujours produiles dans les
conditions seches el chaudes de la culture
sous pluie el sur des sols epuises.
L'agriculture esl limilee IIl'extteme sud
du pays, essentiellemenl en dessous du
12° de latirude. Un tres faible pourcenlage
des surfaces emblavees en sorgho eSI
irrigue.

Rec:herche .ur Ie sorgho

Laselection varietale a debule au Niger
dans les annees 1950. Plusieurs varietes
ont ete mises sur Ie march': ; les hybrides
ont ete introduits mais ils ne sont plus
cultives en raison de la mauvaise qualire
de la semence.

II y a environ IS ans. I'INRAN en col·
laboralion avec I'INTSORMIL. a
seleetu,one des hybrides eltperimentau.t
en vue de les haluer dans Ie pays. Les
hybrides les plus prometteurs ont aussi ele
mis en essais dans Ie Wesl Africa Sor·
ghum Hybrids Adaplalion Trial
(W ASH AT • Essai ouesl·africain
d'adaplation des hybrides de sorgbo). La
produclion de nouveaux hybrides dans Ie
cadre de cette cooperation esl poursuivie
el leur evaluation dans Ie pays el dans la
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region fail partie des activiles de recher
che en cours.

En 1986. des essais syslematiques de
cultivars comprenanl des hybrides. leurs
parents el des controles locaux adaptes
ont ele enrrepris el mis en place en
plusieurs lieux du pays. Les hybrides
presentaient par rapport aox vmetes lo
cales une augmentalion moyenne des
rendements de 61 % sous irrigalion el de
49 % en culture sous pluie. Par rapport a
leurs parents, les rendementsdes hybrides
etaienl accrus de 45 % en culture irriguee
et de 66 % en culture sous pluie. Des
essais supplementaires onl confirme la
superiorile des hybrides independam
ment du lieu el des conditions de culture
(sous pluie ou irriguee). En 1989.
I'hybride Tx623A x MR732 a ele indus
dans les essais reg;onaux de sorgho. II
s 'est cIasse troisieme sur vingt cultivars
incluanl des varieles locales comme
CODooles, sur neuf sites d'essais sirues en
Cote d'ivoire. au Burkina Faso, au
Cameroun, au Nigeria et au Niger. Le
rendement moyen de I'hybride
experimental (1984-1992) etail en\iron
de 2 lonnes,ba. Les meilleurs hybrides ont
produit jusqu',; 6,5 tonnes''ha I'; OU les
meilleures varieleS locales ulilisees
comme conoole n'ont jarnais produil plus
de 3.5 lonnes-ha.

En 1991.l'hybrideTx623A x MR732 a
ele commercialise sous Ie nom "'AD-I.
Depuis sa mise sur Ie marche, cel hybride
a ele cultive par de nombreux agriculteurs
chez lesquels il a SUSCile une reponse
enthousiasle mais pour lesquels il a



egalement souleve la question de la
disponibilite de la semence. En tant
qu'hybride, NAD-I pourrait servir a
faciliter Ie processus de mise en place
d'une industrie privee des semences. La
mise en place de cette industrie garantirait
que les agriculteurs puissent beneficier
des hybrides.

Le petit mil

Le petit mil est la plus importante
cereale produite au Niger. Il est cultive sur
une superficie estimee a 4,8 millions
d'hectares avec un rendement moyen de
380 kg/ha pour une production totale de
1,86 millions de tonnes. Toutes les
varietes ameliorees et recommandees de
petit mil sont des varietes a fecundation Ii
bre selectionnees par I'INRAN, et plus
recemment par Ie centre sahelien de
I'ICRISAT. Toutefois les superficies
couvertes par ces varietes ameliorees
restent tres faibles.

La decouverte de la sterilite male
cytoplasmique (CMS) chez Ie petit mil et
la selection et la commercialisation de
Tift 23A au debut des annees 60 ont
permis la production d'hybrides simples
(SCH, male sterile x lignee pure) en Inde
ct ont contribue a des augmentations
spectaculaires des rendements. Bien que
Ie male sterile Tift 23A ait ete mis ala dis
position des programmes de selection en
Afrique Occidentale au debut des annees
soixante, les hybrides n'ont pas fait
l'objet d'essais systematiques. Tift 23A
n'etait pas adapte aux conditions
environnementales de I' Afrique
Occidentale : floraison precoce, grande
sensibilite au mildiou, absence de vigueur
des plantules d'ou une mauvaise germina
tion suivie d'un mauvais peuplement et
retours occasionnels ala fertilite. A cause
de ces problemes, la majorite des
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ressources n'etaient pas consacrees a la
selection d'hybrides simples SCH et
seulement une recherche de type
exploratoire portait sur lcs hybrides
inter-varietaux ou top-cross (TCH, male
sterile x variete a fecondation libre). Les
hybrides de petit mil ont fait l'objet de
travaux de recherche limites au milieu des
annees 80 au Senegal, Mali et Nigeria.

Tous les programmes nationaux
d'amelioration d' Afrique Occidentale,
sans exception, ont coneIu qu'il serait
difticile de selectionner et de mettre en
essai des hybrides de petit mil dans la
region a moins que des lignees male
steriles adaptees deviennent disponibles.
C'est pourquoi, la selection de lignees
male-steriles adaptees et celie d'hybrides
top-cross (lignee A x variete a
fecondation libre) a !'ICRISAT-Niger
sont un enorme pas en avant qui ouvre la
porte it d'innombrables possibilites de
selection de meilleurs hybrides.
L'ICRISAT, en collaboration avec les
programmes nationaux et Ie reseau mil
(ROCAFREMI), a accompli des progn,s
en ce qui concerne :

• Le developpement de parents
femelles adaptes (lignee male
sterile) pour la selection
d 'hybrides.

• La demonstration de Ia superiorite
des hybrides en termes de
rendemen! en grain et de resistance
aux maladies au moyen de
croisements avec un meme testeur
(Iignee A x varietes a fecondation
libre).

• La meilleure performance des
hybrides par rapport aux varietes a
fecondation Iibre dans des condi
tions de stress hydrique ou de faible
fertilite, les deux principaux



fac:teu15 limitant Ia production de
mil au Niger.

• La mise a disposition de lignees
mile-steriles qui pennet desonnais
de combiner I'adaptation des
vari~ populations locales aux
conditions de deficit hydrique et de
faible fertilite des solsaun meilleur
rendement pltentiel. Les hybrides
sembleut etre Ie moyen Ie plus fa
cile pour rapidement et
efficaeement integrer la tolerance
aux facteurs de stress et
I' augmentation du rendement
potentiel. La variabi lite presentee
par les varietes populations
nigeriennes de petit mil represente
environ 80 % de la variabilite
conservee dans la Collection
Mondiale.

• Les observations sur les parcelles
de multiplication de semence
hybride qui ont montre que la syn
chronisation entre la l1oraison du
parent male-sterile et des parents
males (pollinisateur) etait opti
mum, les parents males l1eurissant
une semaine II 10 jour.; avant Ie pa
rent femelle male-sterile. Le tallage
n'etait pas syncbrone chez Ie parent
femelle, I'apparition des stigmas
sur la laUe principale .:tant de lOa
20 jours anterieure a celie sur les
talles secondaires. Le grand
nombre de lalles par plante a assure
qu' il y avait suffisamment de pollen
pour feconder to us les epis
femelles.

• Pour un rapport plantes femelles a
plantes males de 4:2 (qui parait op
timum), Ie rendement en semence
hybride etait estime a620 kgba et
Ie rendement en semence du
pollinisateur a 700 kg/ha. Nos
caleuls preliminaires ont montre
que des profits compris entre 650 et

850 dollars americains pouvaient
etre anendus d'un hectare de pr0

duction de semence hybride (en
posant par hypothese 200 francs
CFA pour un kg de grain. 800
francs CFA pour un kg de semence
hybride et 400 francs CFA pour la
semence en fecondation Iibre du
pollinisateurl.

• II faut remarquer que la production
d'hybrides top-cross permet de
recolter deux productions de
semence a partir d'un meme
champ. la semence hybride et la
semence du parent male. Les
producteurs de semence peU\-ent
vendre la semence du parent mile
qui en general est de meilleure
qualite d'ou une valeur marchande
accrue de la production des rangs
males.

• L'ICR/SAT a rassemble un grand
nombre de donnees concernant les
ex igences des hybrides top-cross. et
la necessite d'obtenir des
resistances durables au mildiou. Un
essai regional des hybrides de petit
mil (Regional Pearl Millet Hybrid
Trial) a ete Mis en place en collabo
ration avec Ie reseau de recherche
sur Ie mil en Afrique Occidentale
(ROCAFREMI). \I cst espere que
Cel cssai pennenra I' identi fication
de combinaisons hybrides superi
eures

• Une fonnation a la production de
semence s'averera necessaire. les
etudiants et les tecbniciens du Niger
ont ct. fonnes a la production et II
I' evaluation des Iignces male
stcriles et des hybrides.



Possibilites de production
commerciale de semence hybride au
Niger

L'experience acquise jusqu'it prescnt
souligne l'importance de l'irrigation pour
assurer Ia floraison simultanee du parent
feme lIe et du parent male et un bon
rendement en semence de bonne qualite.
11 est possible de reconnaitre trois
categories de producteurs de semence :

Une premiere categorie rassemble les
agriculteurs a la tete d' exploitations
relativernent importantes comprises entre
50 et 300 hectares. Les possibilites
d'irrigation sont en general Iimitees it 30
hectares et Ie plus souvent it une
superficie moindre. Les proprietaires de
ces exploitations sont presque toujours
employes par Ie gouvernement au des
fumes privees.

Le second groupe correspond aux
cooperatives dans Ie perimetre irrigue. n
existe de nombreux amenagements
irrigues dans Ie sud du pays,
essentiellement Ie long du t1cuve Niger
(Bimi N'Konni, Maradi, Diffa) qui sont
regroupe, sous Ie nom de perimetres
irrigucs. lis sont geres par des
cooperatives privees, I'ONAHA (Office
National des Amenagements Hydro
Agricoles) assurant la supervision tech
nique. Les superficies allouees it chaque
agriculteur membre des cooperatives sont
petites, comprises entre un tiers etjuste un
peu plus d'un hectare. Les agriculteurs
re,oivent une aide pour les intrants
comme les engrais et l'eau d'irrigation et
ils vendent leur production it travers la
cooperative ce qui permet it celle-ci de
recuperer Ie cOlit des intrants. La produc
tion de semenee hybride de sorgho par Ies
agriculteurs a tres bien reussi sur
p1usieurs perimetres irrigues. Jusqu'a
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present la semence a ete vendue au sein du
perimetre, mais il existe un marchC it
I'exterieur du perimetre.

Le troisieme groupe comprend les pe
tits exploitants agricoles des terres
seches. Les premieres tentatives de pro,
duction de semence par ces agriculteurs
ant echoue mais il leur est possible de
produire de 1a semence hybride en
particulier dans les regions productrices
de riz au ['iITIgation est possible. Pour Ie
moment ces agriculteurs produisent la
semence d'oignons et d'autres legnmes.
Ce groupe pourrait etre considere pour la
production de semence sous contral.

Globalement, la capacite de production
de semence hybride de sorgho et de petit
mil existe. 11 faut aussi prendre en compte
I'enthousiasme des agriculteurs pour la
production de semence en raison des bons
profits monetalres realises par les
agriculteurs producteurs de semence de
NAD-!.

L'INRAN a participe et continue a
participer a la production de semence de
NAD-l. Cette participation est
consideree comme temporaire et a pour
objet de foumir Ia semence et de presenter
les techniques aux agriculteurs et aux
producteurs de semence potentiels. Les
superficies pour la production de semence
de NAD-I sont deja plus importantes
dans Ie secteur prive qu'a l'INRAN.
Meme si l'{'<RAN a la responsabilite de
Ia production de la semence de base, trois
personnes privees produisent de la
semence de Tx623A cette annee.

II semblerail qu'il n 'existe aucune
contrainte limitant les possibilites de pro
duction par Ie secteur prive de la semence
de prebase et de la semence de base des
hybrides selectionnes par INRAN/
INTSORMILlICRISAT.



A I'heure actuelle. la demande de
semence de NAD-I depasse largement
!'offre et depuis 1995 la semence de
NAD-I se vend a700-800 Fcfarkg soit 4 a
8 fois Ie prix du grain.

Pour dcmarrer

L'INRAN est un institut public de re
cherche avec une capaci!e limitee de pro
duction et de distribution des semences. II
n'existe pas aproprement parler de struc
ture responsable de la production de la
semence bybride. Les premiers efforts ont
consiste a stabiliser la production de
semence et a identifier les personnes
interessees dans cette production; ils ont
ete appuyes par plusieurs membres du
personnel de I'INRAN et conseillers. En
1995.750 kg de semence de NAD-I ont
ete produits,la production s'est accrue en
1996 et en 1997 s'elevant respectivement
a 1400 kg et 7100 kg. Sur la base
d'observations visuelies, il est estime que
la production de semence de NAD-I a
atteint environ 26000 kg en 1998. Le
nombre des producteurs a aussi augmente
de 6 en 1995 a43 en 1998, les Producteurs
prives passant de 3 a15, et les producteurs
dans les cooperatives de 0 a24.

11 a ete conseille aux nouveaux
producteurs de se limiter au depart aun
demi-hectare de production de semence
en raison de leur manque d'experience.
On craint que I'industrie des semences
n'ait pas ete bien comprise. La mise en
place d'une unite semence aI'INRAN el
la formation d'une association de
producteurs de semence pourraient
permenre de constituer Ie capital de
depart necessaire au demarrage de cene
industrie. Les banques et certaines or·
ganisations hesitent a pliter de I'argent
car elles ne comprennent pas la difference
entre semence el grain.

Formation

Deux sessions de fonnation d'une
joumee chacune ont ere organisees en
1997. 50 personnes y onl participe. Un
manuel de formation a ere mis ala dispo
silion par I'INRAN 'IJIo'TSOR,\.flL. Avant
les semis, six cours de formation au.xquels
250 personnes onl panicipe ont ete
organises. En raison de la forte demande
pour Ie manuel de formation, il est
mainlenanl propose de Ie completer avec
des informations concernant la gestion
d'une culture pour la semence, la
pathologie et I'enlomologie.

La possibilite de mise en place d'un
centre de formation a etc: discutee et des
plans onl ete pro~ mais ils restenl a
concretiser. Sonl aussi actuellement
disculees I'expansion du programme de
formalion afin qu'il comprenne des
lravaux pratiques, une formation des
agriculteurs el des demonstrations en
champs ainsi que ['installation d'une
bibliotheque dotee de lOute I'information
relative Ii la production de semence, aW<
normes et a la certification. aux
equipements de Iraitement el
conditionnement des semences. au
stoekage des semences et aW< besoins des
usines de trailement el cooditionnement.

L'avealr proche

A I'heure actuelle de nouveaux
hyhrides de sorgho soot en cours de
selection dans Ie cadre de la cooperation
INRANIINTSORMIL landis que Ie Cen
tre Sahl:lien d'lCRlSAT tra\'3i11e a la
selection d'hybrides de petil mil.

La mise en place d'uo comite de mise
sur Ie marche des nouvelles varietes
devrail eire consideree afin d'evaluer la
superiorile eLou I'adaptation des
cultivars au.x diffetents environnements.



Un tel comite pourrait aussi equilibrer Ie
nombre de cultivars mis sur Ie marche.

Jusqu'a present, on s'est efforce de sta
biliser Ia production de semence et
d'identifier et de fonner des producteurs
de semences. Le programme parviendra
bientot ou en est deja a un stade OU
d'autres considerations telles que Ie
traiternent et Ie condilionnement des
semences, la mise en place de lois
regissant les semences et celle d'un
programme de certification volontaire
des semences et la fannation Ii 1a com~

rnercialisation des semences deviendront
importantes. II faut remarquer que Ie
Ministere de I'Agriculture est seulement
superficiellement infonne des efforts de
mise en place d'une industrie des
semences. Maintenant que cette
possibilite semble se concretiser, il serait
fort utile que Ie Ministere mette en place
une politique reconnaissant et
encourageant Ie developpement d'une
industrie des semences dans le secteur
prive.

II est aussi escompte qu'avec
I' augmentation de la production de
sorgho et de petit mil, il devienne
necessaire de trouver de nouvelles faeons
d'utiliser ces cereales comme aliments et
comme fourrages.

Objectifs

• Continuer la recherche pour
selectionner des hybrides de sorgho
et petit mil de maturites tres variees
afin de disposer d'hybrides adaptes
aux saisons agricoles plus courtes
telles qu'a Diffa et d'hybrides
adaptes aux saisons agricoles plus
longues du sud autour de la region
de Bengou. II faut egalement
ameliorer la qualite du grain des
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hybrides et dans Ie cas du sorgho
obtenir des hybrides moins

sensibles au charbon.
Accroltre la production
experimcntalc d'hybrides de petit
mil de facon a disposer de plusieurs
tonnes de semences en vue de
demonstrations chez I'exploitant.
Vobjet de ces demonstrations
serait de gagner Ie soulien
enthousiaste des agriculteurs et de
creer une demande pOUT l'industrie
des semences.
Traiter et conditionner la semence
qui a ete certifiee par un programme
de certification volontaire.
Etendre la formation et I'edueation
aux producteurs de semence, a leur
personnel administrati f et aux
agriculteurs. La formation porterait
sur la production, Ie traitementl
conditionnement, Ie contrOle de Ia
qualite, la commercialisation et les
utilisations.
Mettre en place un centre de fonna
tiondesservant Ie Niger et les autres
pays de I'Afrique Occidentale que
les producteurs de semence
utiliseraient pour s'etablir et
entretenir leurs installations. Ceci
pourrait constitucr une des
fonctions de I'Unite semence.

• Meltre en place une Unite semenee
independante ou un service national
des semences au sein de l'INRAN
qui assurerait toute une garnme de
fonctions. L'Unite semence devrait
avoir un budget suffisant pour
pouvoir de fait soutenir et encour
ager Ia mise en place et Ia
croissance a venir du secteur prive.

• Assurer la formation des
producteurs de semenee et de leur
personnel, apporter une assistance
technique aux nouveaux
producteurs, contribuer a la mise en



place de programme de controle de
la qualite (servir d 'unite
operationnelle d'application des
stipulations de la legislation sur les
semences), aider a la reanimation
du laboratoire de semence et des
mini laboratoires associes aux in
stallations de traitementicondition
nement des semences mises en
place par Ie programme precedent
(1976-1986) et aider a la mise en
place d'une Association de
Producteurs de Semence. Celie
Unite semence pourrait constituer
une source d'informations tech
niques relatives a I'industrie des
semences et pourrait attirer des ex
perts de I'exterieur, collaborer avec
les donateurs en vue de soutenir les
activites semences au Niger et
cooptrer avec Ie gouvemement sur
les questions relatives aux
semences.

II est propose de doter l'Unite semence
d'un comite superviseur comprenant en
viron 20 membres qui se reunirait deux
fois par an. La composition de ce cotuite
serait la suivante :

• Directeur scientilique de I'INRAN
• Cadres superieurs de !'Unite

semence lIe chef de l'Unite
semence serait Ie president du
comite)

• Un membre de rUnite liaison entre
I'rNRAN et les services de conseil
agricole

• Deux selectionneurs de I'INRAN
ld'autres scientiliques peuvent etre
invites aux reunions quand ils
peuvent y contribuerl

• Directeurs des stations de recherche
de ]'INRAN

• Deux conseillers agricoles
• Deux producteurs de semence

prives dODt un representerait

I'Association des producteurs de
semence

Un representant de I'ONAHA
• Un representanl de I'ICRISAT
• Deux ou trois agriculteurs

A I'heure actuelle I'INRAN a accepte
que I'Unite semence fasse partie de son
organisation mais iI faut encore que Ie
Ministere I'approuve. Cene question doit
etre resolue pourque Ie developpement de
I'unite puisse commencer.

• Encourager I'etablissemenl d'uoe
Association de producteurs de
semence. Une fois etablie,
I'Association assurerait la mise en
place des programmes de certi lica
tion des semences, la gestion des
fonds foumis par les participants et
les donateurs dans Ie but de preter
des capil8ux alin d'aider les nou
veaux producteurs a demarrer et
tiendrait des seminaires auxquels
participeraient des banques. des
ONG, des ministeres et autres
personnes sur des sujels lies a
I'industrie des semenccs, a III com
mercialisation et au stockage des
semences. l'Association pourrait
aussi encourager les boones pm
tiques commerciales en souIignant
en particulier la qualite des
semences. et collaborer non
seulement avec Ie gouvernement
sur les queslions relatives a
rindustrie des semences.mais avec
les entreprises intemationales de
semence ayanl des interets au
Niger. Elle de'Tait aussi offiir des
stages de courtes dureesaI'etranger
aux organisations de semence. Voe
autre fonction consisterait a aider
au financement d'un vovaee
d'etude par 8 a12 personnes <bID; 3
a5 pays possCdant une industrie des



semences bien etablie. Les partici
pants au voyage d' etude
comprendraient plusieurs
producteurs de semence prives, Ie
Ministre, un membre d'une institu
tion financiere et des experts de
I'INRAN.

• Les demonstrations en exploitation
devraient etre encouragees afin
d'illustrer les augmentations de
rendement resultant d'une
meilleure gestion de la culture
puisque les hybrides repondem en
general mieux aux investissements
en gestion.

• Alors que les efforts de production
de semence hybride de sorgho sont
encore modestes, de nombreux
problemes ont ete rencontres. Les
chutes de pluie sur les epis recoltes
augmentent I'humidite du grain
d' ou une diminution pendant Ie
stockage de la capacite it germer. II
est urgent d'equiper plusieurs sites
du pays avec des installations de
sechage des semences.

• II faut etudier les possibilites de
production de semence hybride par
les petits exploitants sur les
perimetres irrigues.

Resolutions du groupe de travail rela
tives it la production de semence

II est propose de financer un projet pen
dant nne periodc d'au moins 10 ans qui
pourrait etresubdivisee en deux tranches
de 5 ans chacune. Divers donateurs
pourraient financer differents aspects du
projet. Les grandes lignes du programme
y compris son budget sont decrites
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ci-apres. Cette proposition est presentee
pour etre consideree et susciter des
commemaires.

Personnel

Les membres du personnel qui
pourraicnt faire partie de I'Unite semence
sont :

• Administrateur general du projet,
de la production et du condition
nement des semences
Fonctionnaire responsable de la
certification et de la legislation sur
les semenccs

• Ingenieur
Responsable de formation

• Scientifique travaillant sur les
utilisations du grain
Jusqu'a20 techniciens pour assister
l'essor de I'industrie des semences
dans tout Ie sud du pays

• Conseillers agricoles specialises
dans la qualite des semences, la
commercialisation et I'utilisation.
II est escompte que ces conseillers
seront embauches sur la base de
contrats renouvelabJes
Secretaires et autres personnels
administratifs

II est aussi suggen\ que jusqu'a 8
personncs soient formees aI'etranger et
que 70 personnes environ re90ivent sur
place une formation it court terme
comprenant des voyages d'etude.

Foumir un capital de depart aux
nouveaux producteurs de semence
it travers I'Association.



Compte-rendu du projet pilote sur
I'utilisation du sorgbo et du mil

Rapporteurs I. Aldotayo et J. Ndjeuoga

Le groupe Utilisation, dirige par M.
Diouf a d'abord examine les contraintes
s'opposant a I'expansion de la transfor
mation industrielle du mil et du sorgho,
puis il a formule des recommandations
visant a abolir ces contraintes. Les
contraintes qui ont ete etudiees sont :

La faible qualite du grain
L'irregularite de I'approvision
nement en grain et la variabilite des
prix
L'inadequation des equipements de
transformation
Le manque de formation et la
mauvaise circulation de
I'information

Le pourquoi des
cootraiotes identifiees

La reussite de toute industrie de trans
formation do mil et du sorgho depend de
la bonne qualire du grain aussi bien en
termes de purete pbysique que
d'adaptation asa transformation dans les
produits finaux. On grain dont on a
elimine toutes les impuretes physiques,
de taille uniforme, etc., est necessaire
parce que il est plus facile atransformer.
Sinon les couts du conditionnement
industriel sont trop eleves et la qualite du
produit final peut etre alteree (sable,
residus de cendres et baute teneur en
Iipides). 11 est par ailleurs important que
les varietes de grain utilisees correspon-

denl au choix des industriels de
I'alimenlation et a celui des
consommateurs. \I faut egalernent stan
dardiser la qualite du grain dans la
sous-region.

COlltrtzbrl~1

L'irregularite de l'apprm;sionnernent
en grain ainsi que la grande variabilite du
prix du grain peuvenl decourager les
investissements dans I'industrie
alimentaire.

COlltra;nl~3

L'equipement actuellement disponible
en Afrique Occidentale et Centrale De

<onvient pas a la transformation
industrielle du sorgho et du mil. Au cours
d'one reunion recente de ROCAFREMI.
ceDe carence a ete reconnue comme one
contrainte primaire. La mediocrite de
r emballage et de la presentation du
praduit final a aussi ete associee a un
altrait moindre aupres des
consommateurs.

COlltrtzbrt~4

Les industriels De SOn! pas bien formes
BUX techniques actuelles de I'industrie
a1imentaire. Par consequent les produits
sont sou,'ent de mauvaise qualil':. De
plus, Ie manque d'organisation au sein
des industriels de I'alimentaire limite
leurs possibilites de collaboration avec
leurs partenaires tels que les agriculteurs,



les chercheurs et les preneurs de
decisions. II est aussi necessaire que les
reseaux et I'INTSORMIL echangent
I'information afin d'eviter les
redondances.

Recommandations

Afin d'assurer Ia qualite du grain, des
contrats optimaux doivent etre passes en
tre les industriels et les agriculteurs selon
lesquels les producteurs re,oivent des
primes pour Ia qualite du grain et Ies
industriels obtiennent du grain de haute
qualite, Par ailleurs les ameliorateurs
doivent des Ie depart selectionner des
varietes adapt6es aux besoins des
industriels et correspondant aux gouts des
consommateurs. La qualite du grain dans
la sous-region doit etre standardisee (en
cours de realisation pour Ie mil par
l'intermediaire de (ROCAFREMI). Entin
a titre d'exemple, la semence hybride
permet d' augmenter la production de
grains uniformes (en tail\e et couleur) qui
sont necessaires pour faciliter la transfor
mation industrielle et produire des
produits alimentaires de haute qualite.

L' equipement existant servant a la
transformation industrielle du ble doit
elre modifie et adapt6 a celie du sorgho
etlou du mil. Mais il doit etre offert aux
industriels abas prix et en meme temps
ameliorer la performance de
I' equipement existant.

11 faut d'une part taciliter l'echange
d'information entre les reseaux
(ROCARS et ROCAFREMI) et
I'INTSORMIL, et d'autre part, aider les
industriels et favoriser une bonne collabo
ration avec les chercheurs.

II est necessaire de former les
industriels de I'alimentaire aux
meil\eures techniques de transformation,
aIa gestion des petites entreprises et aux
techniques de commercialisation
promotionnelle.

II faut aider apromouvoir les produits
transformes au moyen de publicites de
fa,on qu'ils soient per,us comme des
« produits nouveaux ».

270



Transformation du Sorgbo et du mD
en procluUs • valeur ajoutee

Adam Aboubacllr et Bruce Hamaker

Introduction

Bien que Ie sorgho et les mils soient des
deorees de base dans de nornbreux pays
afiicains, leurs derives industriels sonl
rares sur les marches citadins ou ruraux. A
I'inverse, les produits importes abase de
ble ou de mais sont faciles attouver en
particulier dans les centres urbains. Dans
de nombreux pays africains on tente a
I'heure actuelle de transformer Ie sorgho
et les mils en produits industriels. Les
objectifs a long terme de ces projets de
transformations sonl de reduire les impor
tallons de deorees alimentaires dans les
pays producteurs de sorgho et de mil, de
faire profiler les entrepreneurs locaux en
leur offIant des produits avaleur ajoulee
el d'offrir un autre debouche aux
agriculteurs leur permettanl de vendre
leur surplus.

Le lableau I enurnere certains des
produits abase de sorghO ou de mil ayant
un polentiel commercial. En raison de ses
multiples usages, la farine est Ie derive Ie
plus importanl tire du sorgho el des mils.
La farine esl Ie plus souvenl consommee
sous forme de bouillies epaisses ou
liquides. La transformation traditionnelle
de la farine en couscous est une pralique
tres couranle en particulier dans Ie Sahel.
Plus lard dans Ie presenl rapport. nous
decrirons notre experience de mise en
place d'uoe petite unite production de
couscous aI'INRAN. Les autres produits
ayanl un potentiel commercial sonl les
farines melangees dont une fraction de la
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T.b.... I. Prod.its .v« .. potNdoI ...
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"""'Idts tit maar. ......"....,
Grain d«ortiqUt
Farine
Gruou
~dtrnadilL""'" J ; c:

CQUKOU>

CasSC'-cr6ure
hone melangee pour

Alimcms de tnTag<

Pains d biscuits
Pi1e5 et oouiUc:s

Grain pRcuit

Galetk'
Grains «late's souffles
Boissom

farine de sorgho ou de mil a ere remplacee
par de la farine de legurnineuses (niehe,
soja. arachide) ou de ble. Ces farines
mtlaDgees sont utilisees a la production
d'a1iments de sevrage et de produits
boulangers leis que Ie pain elles biscuits.
Au nombre des produits nouveaux el
ameliores pouvanl etre derives du sorgbo
et des mils on compte. les piles. les
nouilles.les chips,les produits preeuits et
les boissons. Des etudes aI'universile du
Texas A&M et au ClRAD (Centre de
Cooperation Internationale en Recherche
Agronomique pour Ie Developpement)
Ollt mOlltre qu'il esl possible de faire des
pites ou des nouilles acceptables apartir
de farine melange. sorgho ble.



Unite de production de couscous II pe
tite echelle

Le couscous est un produit passe it la
vapeur fabrique it partir de farines de
cereales. Les couscous de mil, de 50rgho,
de mals et de fonio sont tres courants en
Afrique Occidentale, tandis que Ie cous
cous de ble dur se rencontre
essentiellement en Afrique du Nord. La
production de couscous est un processus
long et laborieux. Les differentes phases
de la production comprennent Ie broyage
du grain en farine, Ie melange de la farine
avec de l'eau, la transformation du
melange farine-eau en graines de cous
cous, Ie passage ala vapeur et Ie sechage.
L'etape la plus critique de ce processus
est la formation des graines de couscous.
Elle est traditionnellement accomplie
manuellement en roulant Ie melange de
farine et d'eaujusqu'it ce que les graines
de couscous se forment. Un autre procMe
traditionnel consiste it faire passer Ie
melange farine-eau it travers un tamis
pour produire les graines de couscous.
Cette etape a ete partiellement mecanisee
pour Ia production industrielle de cous
cous it petite echelle en Afrique
Occidentale grace it la construction de
deux agglomerateurs de farine (Richard,
1993 ; Anonyme, 1995).

Avec Ie financement INTSORMIL,
une petite unite de production de cous
cous a ete recemment mise en place a
l'INRAN it des fins de recherche et de
demonstration aux entrepreneurs, ONG et
cooperatives. Cette unite peut aussi servir
itproduire de la farine ou du gruau it partir
des cereales cultivees localement. Elle est
equipee de plusieurs grosses machines :
une de decorticage des grains, Un moulin,
un agglomerateur de farine et un sechoir
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solaire. Toutes ces machines peuvent etre
obtenues ou fabriquees en Afrique
Occidentale.

Recherches sur Ie
couscous de sorgho

Un projet de recherche a ete entrepris it
runiversite de Purdue afin de determiner
les proprietes essentielles du grain et de la
farine qui controlent Ia qualite du cous
cous de sorgho. Des grains de huit
cultivars de sorgho cultives it West Lafay
ette, IN, ont ete decortiques afin
d'e!iminer 20 % des enveloppes
exterieures du grain puis ont ete moulus
en farine. Les farines ont ete transformees
en couscous grace it un procede de
laboratoire (Galiba et aI., 1987) et
comparees it un couscous de ble dur
obtenu par un autre procede de laboratoire
(Debbouz et aI., 1994) et it un couscous de
ble dur industrieL

Rendement en couscous

Sidibe et aI., (1981) ont etabli que Ie
critere de qualite Ie plus important pour Ie
couscous au Mali est Ie rendement en
produit final par rapport it la farine
initiale, Le rendement en couscous
depend etroitement de Ia capacite des
particules de farine agglomerees it
conserver leur integrite pendant Ie pas
sage it la vapeur (Galiba et aI., 1987). No
tre recherche a mis en evidence que les
falines de grains durs contenaient de lar
ges fractions de particules grossieres et
d'amidon endommage. De plus, elles
donnaient des proportions plus elevees de
graines de couscous de sorgho avec les
proprietes desirees, Les cultivars P721 Q
et P85 I 171 ont produit les plus grandes
proportions de petites graines



indesirables de couscous. Ces deux
cultivars produisent aussi Ie plus de
cendre et ont la plus grande fraction de
farine fine. Parce que la cendre est
souvent utilisee comme un indicateur de
la presence de son dans la farine, Ie faible
rendement en graines de couscous
desirees peut etre due a Ja competition
pour I'eau entre I'amidon et Ie son, qui
entraine une reduction de I'eau disponible
pour I'hydrolyse de I'amidon pendant la
fabrication du couscous.

Couleur du couscous

Le couscous fabrique apartirde sorgho
est de couleur tres variable allant du mar
ron fonce au blanc cremeux suivant Ie
type et la quantite de pigments presents
dans la farine (Galiba et aI., 1987). Le
couscous de mil est d'une couleur plus
sombre que Ie couscous de sorgho (Galiba
et aI., 1987) quoiqu'elle depende aussi du
cultivar utilise et de la preparation de la
farine. Toutes les farines de sorgho
utilisees dans cette etude pacaissaient
blanches a la sortie du moulin. Vne
garnme de couJeurs allant du marron au
jaune est apparue une fois que les farines
ont ete transformees en couscous. Les
changements de couleur sont apparus des
que les farines ont ete melangees avec de
I'eau. Ces changements ont ete accentues
pendant Ie passage a la vapeur et Ie
sechage. Humide, Ie couscous parait plus
clair qu'une fois sec. Ces changements de
couleur sont sans doute dus ala presence
de divers composes phenoliques dans les
farines, ceux-ci etant responsables de la
couleur des aliments a base de sorgho
(Hoseney et al.. 1981). Une etude des
gouts que nous avons effectuee au Niger
revele que les consommateurs acceptent
une large gamme de couleurs pour Ie
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couscous de sorgho quoiqu' ils aient une
nene preference pour les couscous blancs
etjaunes. Le couscous de ble duretait plus
jaune el plus clair que Ie couscous de
sorgho. Parmi tous les cultivars de sorgho
utilises dans cene etude, SEPON82.
IRAT-204 el NAD-I ont donne un cous
cous d'une couleur comparable acelie du
couscous de ble duro

Tature du coucous

Un couscous de bonne qualite doit bien
absorber la sauce et doit avoir des graines
uniformes qui ne collent pas les unes au."
autres et ne perdent pas leur integrite
quand elles sont cuites a la vapeur ou
versees dans la sauce (Sidibe et a1., 1981 :
Kaup el Walker, 1986). Les culti,oars de
sorgho ont donne des couscous avec des
tendances a coller significativement
differentes (Figure I). Le caractere
collant des couscous de sorgho cuits etait
positivement correle (r =0,89. P < 0.0 Il a
la quantite d'amidon endornmage dans la
farine. Vne molecule ramifiee d'amidon
de faible poids moleculaire et soluble
dans I'eall. extraite du couscous de sorgho
a aussi ete correlee positivement (r=0.86.
P < 0,0 I) au caractere collant. Le cous
cous de sorgho colle plus que Ie couscous
de ble dur. La durete du COUSCOUS de
sorgho variait moins en fonction des
cultivars que Ie C8J1lCtere collant (Figure
2). La durete du couscous cuit etait
positivement correlee (r = 0,79, P < 0.05)
a la teneur apparente en amylose de la
farine. Une addition de 2 %d'huileaI'eau
de cuisson reduit considerablement Ie
caractere collant et la durete de certains
couscous de sorgho qui sont alors
comparables au." couscous de ble dur
(Figures I and 2).
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Effets dll tIuIX tie dkomcllge s"r I~

n"tIe",~1Ud '" co"te", dn COIIS<'O"S

d~sorg"o

Les grains de sorgho onl ele
dteortiques afin d'oler 10,20,30 et 40 %
des grains el moulus en farines qui onl
sCl"j a produire du couscous. Des errets
significalifs du laux de decorticage
(pourcentage de grain ole) sur la distribu
tion de la taille (Figure 3) el sur la couleur
des graines de couscous onl ete observes.
Ainsi, de plus grandes quantiIts (30 .. 55
%) de graines de couscous fines « I mm)
ontele oblenues avec 10% de decorticage
tandis que 40 % de deconicagedonnail de
plus grandes quantites (10 .. 40 %) de
grosses graines (>2 mm) de couscous. Le
rendemenl en graines de couscous (I - 2
mm) etaitle plus eleve (60 .. 90 %) pour
les decorticages de 20 el 30 % suivant Ie
cultivar. La legerete de la farine et du
couscous onl significativement augmenle
avec I'accroissement du laux de
decorticage.
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Debat

Bruce Hamaker

Alimentation humaine

Troisieme Journee - Premiere seance

Hamaker Ii l'auditoire: Qu'est-ce qui
fait qu'un produit est une fllussite
commerciale ? Quelles sont les limites,
les contraintes et les reussites pour Ie
producteur et Ies modes de technologie et
commercialisation utilises 0

N'Doye : Une des contraintes
majeures est Ie cout des matieres
prcmieres. II doit etre suffisamment bas
pour donner un produit que les
consommateurs aient Ie moyen d 'acheter.
Par ailleurs, il faut que les scientifiques et
les industriels travaillent ensemble pour
definir les emplois specifiques de chaque
variete de mil et de sorgho. II faut que
nous definissions des specifications pour
les matieres premieres, similaires a celles
utilisees pour ditferencier Ies divers
emplois du ble, les varietes de ble tendre
servant a la boulangerie tandis que Ies
varietes de ble tres dur servent a la pro
duction des pates. ROCAFREMI et
PROCELOS appliquent a l'heure actuelle
de telles specifications.

Jupiter : II faut d' abord que nous
disposions de varietes salisfaisant a
chacune des utilisations. Ensuite, i1 faut
disposer d'un approvisionnement
regulier en grain de sorgho et de mil pour
pouvoir maintenir une industrie
alimentaire. L'autre probleme est qu'un
prix eleve du grain peut decourager les
investissements. Du point de vue de Ia
production, voila les points dont il faut
s'occuper.
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Hamaker Ii Waif: Du point de vue de
1'entrepreneur (industrie alimentaire),
quelles sont a votre avis Ies contraintes ?
Que vous faut-it pour obtenir le produit
desire?

Waif: La contrainte la plus importante
est l'approvisionnement regulier et
continu en grain de bonne qualite.

Hamaker Ii Biago : Dans les failS,
avez-vous recours a un contrat avec vas
fonmisseurs ou achetez-vous votre grain
sur Ie marche ?

Biago : Au depart nous achetions Ie
grain dont naus avions besoin sur le
marche. ~ous n'avions pas de contrat
particulier avec des agriculteurs. Nous
avons d' abord essaye notre produit pour
voir s'il plaisait aux consornmateurs. II
no us a fallu travailler avec les
consommatrices locales parce qu'elles
savaient quels types de farine ou de
produits elles voulaient. Nous ne
disposions pas de varietes pures. II nous
fallait utiliser ce que nous pouvions
trouver sur Ie marche. Ce n'est que
recemment que j'ai passe un contrat avec
un agriculteurqui produit sur 75 ha, cequi
reste insuffisant pour moi. Et bien que je
sois satisfait de ce contrat, il me faut donc
continuer am'approvisionner en grain
aupres de mes anciens foumisseurs qui
eux acMtent leur grain sur Ie marche. Ie
pense que de nombreux agriculteurs
seront motives et produiront plus de grain
s'ils sont assures d'avoir un tel type de
contra!. Les agriculteurs ne produisent



pas beaucoup de grain pan;e qu'il n'y a
pas de debouche pourI~ excedents. II
faul que nous, les induslriels. nous
donnions une nouvelle confiance aux
agriculteurs. 1\ faut aussi effectuer des
lests de qualite et de valeur nutritionnelle
sur les produits finaux. Le consommateur
de r Afrique Occidentale est tres
particulier en ce qui concerne la qualire. II
est vrai que la couleuresl importante mais
ce n•esl pas Ie mcteur Ie plus determinant
La lexture est beaucoup plus importante.

Smite : Je voulais souligner que la
qualile du grain esl rres importanle. Au
Mali, nous avons passe des contrals avec
des agriculteurs speeifianl quel type de
grain nous voulions pour un produit
particulier. Nous nous sommes aussi
assures un approvisionnement constant el
regulier en grain de bonne qualite afin de
pouvoir operer tout au long de I'annee.

Flkdel : Je suis d'accord que la qualite
du grain el I'approvisionnement regulier
en grain sont importants. Au ClRAD,
nous avons mis au poinl une technique
experimenl3le de fabrication de pates a
partir de mals exclusivement Nous
avons effectue quels essais de qualile de
l'a1imenl au Senegal elle produit a plu. Le
probleme majeur a consisre a acheminer
Ie mals de la Casamance ou il est produita
Dakar. Le prix du malS etait si eleve que Ie
projel a dii etre abandonne. Le demier
point queje veux mentionnerest laqualite
de la farine. La plupart des moulins et des
installations de decortication disponibles
comrnercialement ne produisenl pas de
farine de bonne qualite. C esl pourquoi
certaines femmes preferent encore
decortiquer manuellement. II faUI que
nous meltions au point de nouvelles tech
niques de transformalion du grain en
farine de qualite. Dr Gomez. scientifique
de I'ICRISAT a Bulawayo, a essaye un
type de moulin qui donne une farine de
bonne qualile.

Fofana: Je vais parlerducouscous. Au
Niger. les habitants des villes prererenlle
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couscous de riz ou de mais. Nous aVODS
un gros probleme avec Ie cousc:ous de
sorgho. qui esl dii aIa pCouric en sorgho
grain de bonne qualile. L'lIDDCe demien:.
en raison de la penurie aIimentaire. iI y a
eu toulefois une augmenlation de la
consommation de couscous de sorgho
dans les villes. EI il existe aujourd'hui une
grande demande pour Ie couscous de
sorgbo. Notre probleme principal en tanl
que pelile enrreprise de transfonnation est
celui de I'approvisionnemeot. 1I DOUS est
difficile d'oblenir du grain de bonne
qualile sur Ie marche parce que les gros
negocianlS achetenl la rnajorire du grain
de bonne qualile inuncidiatemenl apres la
recolte el nous laissent a nous les petits
acheleurs que du grain de moindre
qualile. De plus Ie grain que nous
obtenons esl soU\'ent melange avec du sa
ble. Nous avons aussi besoin d'un bon
equipemenl pour assurer Ia transforma
tion a pelile echelle. II ex iSle une
enrreprise de lransformatioo des cereaJes
appelee FAMA qui utilise un equipemenl
de bonne qualite pour produire du cous
cous de riz. mals el 5Orgho. Par contraste.
nous ulilisons les methodes artisanales
traditionnelles pour produire notre cous
cous. En depil de lOllS ces problernes.
DOllS produisons et cornmercialisons en
viron 100 kg de couscous de sorgho par
jour. Un autre probleme majeur est Ie
seebage. II faut trois jours pour seeber au
solei! Ie couscous fabrique de fa~on

artisanale et ceci nous pose un probleme
de fermenlation. Pour eviter la fennema
tion DOUS sommes obliges de reduire la
production de couscous il 25 kg par jour.
ee niveau de production nous rend inca
pable de salisfa ire la dernaode croissanle
pour Ie couscous qui est desonnais venda
je devrais Ie mentionner. dans plusieurs
grandes surfaces.

O"..aro" : Nous avons besoin de
speeificalions pour I'arnelioration. II faul
que nous selectionnions des varietes
adaptees a chaque produit speeifique et
qui 50ient faciles a transformer par les



equipements disponibles actuellement.
Les petites entreprises de transformation
qui sont actuellement utilisees au Niger
ne produisent pas de la farine de bonne
qualite parce que la plupart du temps,
elles assurent ala fois la decortication et la
mouture. II y a aussi un probleme de
controle de la qualite. Parce que les mou
lins servent amoudre differents types de
cereales, la farine d'un nouveau lot est
souvent contaminee par la farine du lot
precedent. La communication au plutot
l' absence de communication entre les
instituts de recherche et les entreprises
agroalimentaires constitue un autre
probleme important. Nous savons que
NAD-I est maintenant accepte par les
agriculteurs et est cultive dans tout Ie
Niger en depit du probleme pose par sa
coloration. Le grain de NAD-I est dote
d'un pericarpe fin qui Ie rend plus facile a
decortiquer. Mais parce que Ie grain a un
endosperme dur, il faut plus de temps
pour Ie decortiquer. La qualite de la farine
de NAD-I depend de la region de culture.
Quand il est cultive dans la region plus
aride de Tillabery, Ie grain de NAD-l
produit une farine aussi blanche que celie
du ble. Mais quand it est cultive dans la
region plus arrosee de Gaya, cette variete
de sorgho est plus sensible aux attaques
d'insectes et a la moisissure du grain.
Celles-ci entrainent une decoloration du
grain et par consequent une production de
farine de moins bonne qualite. Une modi
fication des dates de semis pourrait
peut-etre permettre de remedier a ce
probleme. J'espere etje souhaite qu'avec
l'adoption de NAD-l, Ie Niger disposera
d'ici quelques annees d'un excedent de
production en grain. II faudra que cet
excedent ait un debouche pour que Ies
agriculteurs continuent a produire
N AD-l et I' adoptent de fa,on
irreversible.

Sekou : Je represente SPNA, une
entreprise de biscuiterie et de confiserie.
Je voudrais tout d' abord remercier
l'INRAN de nous avoir fort a propos
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invites a cet Atelier. Un des gros
problemes que nous rencontrons aSPNA
est I' approvisionnement en matieres
premieres. Quatre-vingt-dix a
quatre-vingt-quinze pour cent des
matieres premieres et des materiaux
d'emballage que nous utilisons ici au
Niger proviennent de l'etranger. Nos
couts de production sont tres eleves. De
plus en raison de la recente liberalisation
du marche, nous faisons face a une grande
concurrence de la part de produits
similaires mais meilleurs marches
importes au Niger a partir du Nigeria, de
la Cote d']voire, du Ghana, de l'Arabie
Saoudite er du Liban. Nous sommes par
consequent tres interesses par un
approvisionnement local en grain et cet
atelier est pour nous d'une extreme im
portance. Nous ne pouvons pas bien sur
utiliser ces cereales de fa,on non
discriminee. J'ai done ete Ires heureux de
voir aborder la question de la qualite du
grain. Nous avons effectue quelques
essais par Ie passe, d' emploi de la farine
de sorgho pour la fabrication de biscuits.
La qualite du produit obtenu etait Ires fai
ble en raison de la mauvaise qualite de la
farine de sorgho utilisee pour cet essai.
Nous demandons done aux scientifiques
d'essayer de nous foumir du grain de
bonne qualite qui puisse servir a la pro
duction de biscuits satisfaisants. Plusieurs
personnes ont souleve la question de
I'approvisionnement et des excedents en
grain. Je voudrais mentionner qu'a
SPNA, en depit de la situation actuelle
difficile dans laquelle nous nous
trouvons, nous avons besoin d'environ 70
a 80 tonnes de bIe. II ne s'agit pas d'un
tonnage negligeable. Nous pourrions
doubler cette quantite si du grain de
sorgho ou de mil produit localement
pouvait en partie remplacer ce ble
importe. Ce qui signifie que les
producteurs locaux pourraient facilement
trouver un marche pour 70 a 80 tonnes de
leur production et que nous, nous
beneficierions d'un cout de production
beaucoup plus faible.



Dibu! : Une des principales
contraintes concernant l'eroploi en
alimentation bumaine est I'absence de
consommation des produits locaux. Nous
sayons tous que la consommation est la
force motrice de la transformation
industrielle et que celle-ci par
repercussion encourage les agriculteurs a
produire plus. Un autre probleme est que
les petits industriels n'ont pas acces au
credit. Enfin il faut aider les industriels a
s'organiser et a devenir de bons
transformateurs. A celle fin, PROCELOS
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a decide de fonder dans chaque pays nne
association d'entrcpre- ncurs ct
d'industriels de I'alimentation qui se
reunissent periodiquement pour discuter
des problemes de I'industrie
\'agroalimentaire.

Obi/tllltl : La securite alimentaire
englobe lous les sujets doni vous avez
discUles. Les technologies de transforma
tion qui se sont developpees enlrBinmt \a
commercialisation qui est. eUc, la source
de revenus.



Debat

Lee House

Alimentation Animale

Troisieme Journee - Premiere seance

House a l'auditoire : Les aliments
pour les animaux nigeriens sont-ils
produits au Niger ou importes ? Quel est
Ie type des aliments importes?

Daouda : Pour les aliments pour la
volaille, nous importons plus de mals que
de sorgho au de mil. Nous importons
aussi du poisson, des acides amines
synthetiques tels que Ia lysine au Ia
methionine, du son de ble, du tourteau
d'arachide et des graines de caton. Nous
importons presque tout sauf Ie sang que
nous obtenons des abaltoirs, la craie et les
as.

House: Quelle quantite de mals grain
importez-vous pour noumr les animaux ?
La production de chaume, fain et de paille
est-elle suffisante au Niger?

Daouda : Quatre-vingt-dix pour cent
des aliments pour animaux produits
servent a nourrir les volailles. Les dix
pour cent restants sont utilises pour les pe
tits ruminants.

Douma : La production annuelJe de
chaumes de sorgho et de mil ne permet de
noumr la totalite du chepte! que pendant
120 jours.II fautpar consequent que nous
importions des quantites considerables de
graines de caton et de son de ble.

Idi: D'apres une enquete effectuee par
I'INRAN en 1996, 65 % des agrieulteurs
ne sont pas satisfaits des niveaux de pro
duction de fouITage et de fain. Une part
importante est aussi perdue en raison du
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manque d'entrepots et autres installations
de stockage adequates.

Fernandez : La plupart du mals
importe ne sert pas a I'alimentation des
animaux. II sert a I'alimentationhumaine.

Kolo : L 'utilisation des chaumes
comme founage entraine I'appau
vrissement des sols et la desertification.
D'ou une reduction de la productivite des
sols. Ce probleme doil etre resolu.

ldi : C'est un probleme auquel doivent
s' altaquer taus les agronomes, les phylo
techniciens comme les zootechniciens.
Nous prelevons les elements nutritifs des
sols sans jamais les restituer. II semble
qu 'il y ait une sorte de collaboration entre
les cultivateurs et les eleveurs. Les
cultivateurs laisscnt les animaux paitrent
Ies residus des recoltes. En echange, ils
utilisem Ie fumier laisse par les animaux
eonune engrais.

House: Les selectionneurs doivent as
surer leur role en creant de nouveaux
hybrides.

Abdoulaye : Au Niger, iJ n'y a pas de
difference entre les cultivateurs et les
eleveurs. La plupart des agriculteurs sont
ala fois cultivateurs et eleveurs.

Magagi : Dr Kapran a debute un
programme de selection d'hybrides
fouITagers. Ceci devrait pouvoir aider les
eleveurs.



Discoun de c16ture de
I'atelier regional au Niger
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lfricains qui ont permis Ii cet
re une reussite totale. Je tiens
It Ii adresser tous roes
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de developpement et de com

ion des bybrides de sorgbo et
Afrique Occidentale m'ont

::tit impressionne.

lns decouvert I'experience des
en voie de developpement en

matiere de seroences bybrides. Nous
avons discute du statut actuel de fa pr0

duction d'bybrides de sorgho et de mil au
Niger et dans d'autres pays de I'Afrique
Occidentale, ainsi que, des conditions
necessaires pour que les entreprises de
production de semences hybrides
reussissent. de la productionde sennences,
de la formation et de la commercialisation
des semences. Nous DOUS sommes rendus
sur place et avons observe les champs de
production de semence hybride de
I'hybride de sorgho NDA-l par les
agricuiteurs ici mme au Niger. Entin
nous avons passe en revue tous les
traiteroents de valeur ajouree nCces.saires
afin d'augmenter la consommation et
I'utilisation localesde ces deux cereaJes.

eet atelier a ete .res enrichissant.
Maintenant rentrons chez nous et
retoumons Ii nos lahoratoires de recher
che afin que les bybrides de sorgho et de
mil deviennent une reaIite en Afrique
Occidentale.

. 2" .




