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Abstract

Sorghum @Gorghum bicolor (L.) Moench) and pearl milletPennisetum glaucum] are very important to the
economy and people of Mali. But, their productivity is lovwen the reliance on traditional, low-input
production practices. The Institut d'Economie RurdlER) was started soon after the country's independence
to find ways of improving the productivity of food crops bollaboration with regional and international
agricultural research institutes (e.g., IRAT, ICRISAT, RAD-CA). A number of improved seed-based
sorghum and millet technologies have since been developed diffused. They were developed from two
approaches: (1) selection within local germplasm, whichststed of collecting, testing, purifying, and supplying
farmers with readily available materials. These are idieat as Generation 1 materials; and (2) plant breeding,
which consisted of crossing with exotic germplasm, and ge selection. Outputs of this second approach are
identified as Generation 2 materials. This study evaludhes returns to sorghum and pearl millet research
investments in Mali by combining farm-level survey inforioa from 1990 to 1995 with that from research and
extension in an economic surplus framework. The resuldscate that by 1995, 30% of the sorghum and 37%
of the millet areas were sown to improved varieties. Thtemested benefits from research and extension efforts
range from US$ 16 million (for sorghum) to US$ 25 million (foearl millet). These represent internal rates of
returns of 69% and 50%, respectively. A disaggregatedyaiwlindicates higher yield gains and higher returns
to Generation 2 materials than to Generation 1 materialsdoh sorghum and pearl millet. Unit costs were also
much lower for Generation 2 materials. The major constsaoited by farmers as limiting their ability to adopt
improved materials include lack ofinformation, lack ofimped seeds, and low soil fertility. The study concludes
that the breeding philosophy should be diversified to pesp to the need of the changing socioeconomic
environment with the recent devaluation of the CFA. Boatecommends that efforts be made to improve the
economic farming environment to enable farmers to adoptenproductive agricultural technologies which are
necessary for rural poverty alleviation and improvemennational food security.

Résumé

Analyse de impacr dconomique de la recherche sur Be sorgho et sur le il au Mafi. Les cultures de sorgho (Sorghum
bicolor (L.) Moench) et de mil {(Penisetum glaucum) ont une importance partculiére pour 'économie et la
population du Mali. Mais, leur productivite est faible en mizon des pratques madidontelles impliquane application
de peu d'intranrs. L'Instut d'Economie Rurale (1ER) a &t créé bientdt aprés I'indépendance du pays afin de
trouver des moyens pour améliorer Ia productivité des culiures vivridres en collaboration avec des instituts da
recherche mgricole régionaux et intermationaux (IRAT, ICRISAT, CIRAD-CA). Depuis, de nombreuses
nouvelles technologies basées sur les semences de sorgho et de mil ont gté mises au point et diffusées. Elles
reposent sur deux approches (1) Sélection parmi le germplasm locel qui consiste & collectonner, & évaluer, 4
purifier et 3 fournir des marériels tout préts aux paysans. Ce sont des matériels appartenant i la sgénération 1» (2)
Stlection végérale consistant 3 effectuer des croisements avec du germplasm exotique pour la sélection des
lignées ameliorées (pedigrees). Les produits de cette deuxiéme approche sont identifiés comme des matériels de
Ix sgénération 2+, La présente érude évalue las d = sur les invest: dans la recherche sur le zorgho
et le mil au Mali en regroupant Jes informations obtenues au nivean des exploitations enire 1990 et 1995 avec
celles provenant des activités de recherche et de vulgarisation mendes dans un cadre de surplus économique. Les
résultsts indiquent qu’evant 1995, sur une superficie totale de culture, 30% a &ré allouke pour les semances du
sorgho améliord er 37% pour celles du mil amélioré. Les bénéfices résultant de ces activités de recherches et de
vulgarisation sont estimés 4 16 millions de dollars fpour ke sorgho) et de 25 millions de dollars (pour le mil}. Is
représentent des taux internes de rendements de 69% et de 50% respectivement. Une analyse plus détaillée
indique que les matéricls de la géntration 2 ont en des rendements et des bénéfices plus élevés que coux de la
génération 1 dans les deux cas dv sorgho et du mil. Les prix d'unité éraient tgalement plus bas pous les matéricls
de Iz génération 2. Les contreintes majeurss pour 'adoption des matériels améliorés, selon les paysans, sont le
manque d’infermaetion, le manque de semenges améliorées and la faible fertilité du sol. En conclusion, la présente
ftude suggére que la philosephie de sélecton doit éwe diversifiée pour répondre aux nouvesux besoins de
'environnement socio-éconcmique suite & ln dévaluaton récents du franc CFA. Elle recomemande également
que des afforrs soit fairs pour améliorer I'environs d’ pour permneltre aux paysans d'adopter des
technologies de culture plus productrices qui sont néx ires pour 'améliorat des conditions de pauvreté
dans les zenes rurales et aussi pour e renforcement de la sécurité alimentaire nationale,
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Introduction

Sorghum PBorghum bicolor (L) Moench] and pearl millet(Pennisetum glaucum)
are Mali's most important cereal crops in terms of both piddon, area sown as
well as per capita consumption (IER 1993; FAO 1995). Irmdemn the period
1984-1994, these two cereals together accounted for enedk 60% of the total
cereals sown, produced, and consumed in the country €dbl If sorghum and
pearl millet are predominant in Mali as in most Sahelianmoies, it is because
they are well-adapted to the Sahelian agroecologies whiehcharacterized by
low rainfall, high temperatures, and drought, and are gallkeunsuitable for the
production of other grains unless irrigation is availaleEAO and ICRISAT
1996). There is, however, a decreasing trend in the peit@apnsumption of
sorghum and pearl millet, more as a result of the combiae#ect of increasing
population and declining productivity than a shift in samer preference away
from these two cereals (FAO and ICRISAT 1996).

Conscious ofthe need to feed the rising population withmlying too much on

imports, the Malian government created the Institut d'f@mie Rurale (IER) in

1960 to bring science to bear on agricultural policy anchtelogy development.
As part of this effort, two research stations were estdlglis the Sotuba station
with a mandate for sorghum research; and the Cinzanaostatith a mandate for
pearl millet research. Since then, sorghum and pearl mithgirovement research
has evolved with important internal and external investts and in

collaboration with various international agricultunasearch centers (e.g., IRAT,
ICRISAT, and CIRAD). This collaborative sorghum and millehprovement

research has mainly targeted the three most droughtemreas (Segou, Mopti,
and Koulikoro) of the five regions (Kayes, Koulikoro, Segdikasso, and Mopti)

which form the bread basket of Mali (Figure 1). Over thange it has led to the
development of a number of important seed-based techimedpgsome of which

have been released and successfully adopted by farmersse threas.
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Regional annual rainfall patterns
Mopti : 400-600 mm

Segou : 400-800 mm
Koulikoro : 400-1000 mm

Figure 1. Map of Mali showing the study regions.



Table 1. Cereal area (‘000 ha), production (‘000 t), consuntpon (kg capita™®

year!), and imports (‘000 t) in Mali.

Crop 1963-1973 1974-1984 1984-1994

All cereals

. Area sown 1324 1507 2257

. Production 1007 1188 1963
Consumption 172 163 190
Imports 52 129 152

Sorghum + pearl millet

Area sown
. Production
. Consumption
Imports
Maize
Area sown
. Production
. Consumption
Imports
Rice
Area sown
. Production
. Consumption

Imports

1011 (76%)
742 (74%)
126 (73%)

95 (7%)
81 (8%)
16 (9%)
12 (23%)

165 (12%)
151 (15%)
21 (12%)
11 (21%)

1205 (80%)
877 (74%)
112 (69%)

74 (5%)
85 (7%)
15 (9%)
29 (22%)

174 (12%)
186 (16%)
25 (15%)
41 (32%)

1817 (80%)
1389 (71%)
128 (67%)

178 (8%)
221 (11%)
22 (12%)
17 (11%)

222 (10%)
327 (17%)
31 (16%)
70 (46%)

1. Figures in parentheses are percentages of the totalllfecereals. For example, the average area sown
to sorghum and pearl millet together was 181 7000 ha (i@%)8of the total cereals area (2 257 000

ha) in Mali during 1984-1994.

Source: FAO 1995.



The development of these technologies has followed tweefimg approaches:
(1) selection of the best materials from collections ofalldandraces; and (2) selection
based on introduced materials and their crosses with |@edra The first breeding
scheme of collecting, testing, and purifying local lammhsa has offered farmers seed-
based technologies with modest yield gains but with the aatige of farmer
familiarity with the materials. The second breeding amwmio, based on crosses with
exotic germplasm and pedigree selection, has led to tkeldpment of high-yielding
and early-maturing varieties which require significantprovement in the farmers'
traditional cropping systems as well as the rural infnasture (e.g. improved seeds
availability, credit system) for their adoption. For thesed other reasons, varieties
developed through plant breeding have not been widely athpfThis merits a
detailed study.

This study is a collaborative effort by ICRISAT, IER, andNYA (Programme
National de la Vulgarisation Agricole) to assess the eawmitoimpact of investments
in pearl millet and sorghum improvement research in Mak. specific objectives are

* to determine the adoption rates of improved sorghum aikbtnvarieties
developed and released in Mali;

* to elicit information on farmers' perceptions of theseiethes, and identify the
constraints to the adoption ofimproved sorghum and peudliet seed-based
technologies; and

e to quantify the economic returns to investments in songtand millet
improvement research and extension in Mali.

The conceptual framework used in this study considers teduation of research
impact as a process starting with the identification oftac$eesearch investments for
a specific project designed to address a major agricdltprblem. For this
investment to produce impact, two conditions are requir&irst, the research
project must be successful in producing the expected daudpimproved technology.
This requirement is more of a necessary condition for mbeampact assessments
than for ex-post cases, since the probability of succegsasvn in the latter cases but
must be estimated in the former. Second, the generatecoémyly must be adopted
to a significant extent by the end-users, farmers (Bantil®96a). The adoption of
the improved technology then is expected to improve thelpecavity ofinputs and
change farm cost structure in a way that allows the supplg gfeater output to
markets at reduced prices. This process results in welf@i@ to consumers,
producers, and society as a whole.



Methodology

This section presents the survey and analytical methodsd ut® collect the
necessary primary data and guide the logic of the hiésrefvaluation process.

Farm-level surveys

Farm-level surveys were conducted to determine the ratesadmption of
sorghum and pearl millet varieties using structured syrgquestionnaires, which
were structured into six modules covering the period betwel990 and 1995.
Their basic contents are summarized in Table 2.

A multiple-stage sampling scheme was used to select thdy ites and participant
farmers for the on-farm surveys. The first stage comsisof reviewing national
agricultural statistics and purposively selecting theeth driest regions (Mopti,
Segou, and Koulikoro) out of the five which form the brebdsket of Mali.

Koulikoro is generally the wetter of the three, with aneeage annual rainfall of
877 mm over the last 15 years. Its soils are mostly sandy &y with low pH.

The major cereal crops grown in this region are sorghum,|pedfet, and maize.

The Segou region has an average annual rainfall of ab®0t m, but it can
reach as high as 950 mm in some years and fall as low as 45®énsotlts soils are
generally sandy and most suitable for pearl millet fargni The other important
cereal grains in the region are sorghum, maize, and rice. NThpti region, with

an average annual rainfall of 500 mm, is the driest of theghstudy regions. Its
soils are sandy and poor, and are mostly suitable for pedktncultivation. Rice

and sorghum are secondary cereals in Mopti. The purpostheofirst stage of
sampling was to obtain regions representative of thel tcdaearch and extension
target zone for sorghum and millet in Mali.



Table 2. Structure of the survey questionnaires used forthe study of
adoption ofsorghum and pearl millet varieties in Mali.

Module Basic contents/information sought

1 Socioeconomic characteristics of farmers, including$ehold size,
landholding and labor structure, education, farm equipme
possession, and use of farmyard manure and commercitlifers.

2 Characteristics of improved varieties including yearadbption, year
of abandonment, whether adopted additionally or in platano
existing cultivar, and reasons for abandonment.

3 Reasons for the adoption of new varieties (i.e., farmereferences of
plant traits).

4 Constraints to adoption of improved technologies.

5 Information on production system and patterns of sorghand pearl
millet areas and production.

6 Information about farm cost structure (i.e., laboguaement for activities,

seeds, organic and inorganic fertilizers, and farm emept use).

The second stage consisted of a random selection of thretersefrom each of the
three regions. This led to the random selection of the Kaub, Banamba, and
Ouelessebougou sectors from the Koulikoro region; Bréipudacina, and Segou
from the Segou region; and Bankass, Djenne, and Koro fromMabpti region.

In the third stage, random samples of villages were detedrom each sector.
This led to the selection of a tofabf 16 villages across the three sectors in the
Mopti region, 19 villages from the Segou region, and 18agéds from the
Koulikoro region. Having identified the villages, housdts were selected at
random with the number of sample households being prapoat to the size of
the village. On-farm survey questionnaires were thus adshémed to a total of
530 farmers from a total of 53 villages distributed ovee tthree study regions
(Table 3).

Two difficulties were faced during the field work (questimaire implementation).
First, there were language barriers in Mopti, especiatlyttie sectors of Koro and
Bankass where Dogon is the principal language. On manysecoa a third person
was called upon to serve as interpreter between the Bamémaunaerator and the
Dogon farmer.

1. Initially, 20 villages were randomly selected in each region, but for some practical difficulties on
the field, enumerators were actually able to visit and work only in 16 villages in Mopti, 18 in
Koulikoro, and 19 in Segou.



Table 3. Sample sizk of pearl millet and sorghum farmers in villages
selected in each study region.

Pearl millet farmers Sorghum farmers

Region Village Total sample Adopters Total sample Adopters

©

Mopti Dangatene
Dimbal
Dounde
Gouifal
Kamikoro
Keniorodougou
Kouyentobo
Lere
Logon
Madiama
N'biabougou
N'goune
Sirabougou
Siratinti
Tere
Yentela

Total (16 villages)
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Kondogola
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Fakola
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Bachembougou
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Kele
Kakola
Sebela
Boundo-Bamanan
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Douga
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Table 3. Continued

Pearl millet farmers Sorghum farmers
Region WAllegee Total sample Adopters Total sample Adopters
Koulikoro Beneco 6 0 10 0
Tinkele 3 0 10 5
Sirado 10 10 10 2
Tioribougou 6 0 10 3
Doumba 7 5 10 6
Fanssebougou 9 8 9 7
Samakele 7 1 10 5
Tomba 1 0 10 8
N'tentoukoro 0 0 10 1
Sido-Djitomou 0 10 9
Sougoula 0 0 10 10
Kongola 0 0 10 8
Kenioroba 0 0 10 1
Kononi-Sirado 0 0 10 6
Faladje 0 0 15 2
Samako 0 0 11 10
Nankilabougou 0 0 10 8
Kolle 0 0 9
Total (18 villages) 49 24 184 97

1. Ten farmers were randomly selected from each villageli@ survey, but the sum of sorghum and
millet growers is not necessarily 10 because some farmeosvdroth cultures. For example, in the
village of Dangatene in Mopti, sorghum and pearl millet gesss add up to 13 (i.e., 9+4). This means
that 3 farmers grow both crops.

Secondly there was difficulty in identifying whether theariety considered by
farmers as improved was really one developed through theared process.
Indeed, within a few years after being introduced in theatuareas, improved

varieties of sorghum and pearl millet usually assumello@nes that have little or
no resemblance to those originally given by scientists atrsearch station. They
also degenerate and get mixed up with local varieties afearrs of cultivation

under the informal seed production and distribution regimharacterized by
farmer-to-farmer operations. This second problem is gsdted by including in

the research team extension agents and sorghum and peléet brieeders at the
national (IER) and international (ICRISAT, CIRAD-CA) lels. The varieties

declared as 'improved' by farmers were subsequently @drbfiy extension agents and
breeders; and only those thus confirmed were considenethé computation of

adoption rates and in the evaluation ofreturns to redearc



Analytical method

The analytical approach used in this study to measure ttee and distribution of
welfare gains from the adoption of improved seed-basetinelmgies is based on
the principle of economic surplus. The essence of this apphds that adoption of
a new technology is expected to bring improvements in thedpction and
consumption environment. For example, application ofpioved sorghum
varieties with accompanying crop management practicexpeeted to improve the
farm cost structure and crop productivity, and make fagmapre efficient in their
input use. This ultimately translates into increased ottptua lower unit cost of
production, improving both the producer's and the consumwelfare. Producers
benefit from increased productivity and reduced unit costs production.
Consumers benefit from consuming larger quantities noailable at lower market
equilibrium prices. These welfare gains for producersl @onsumers are known as
producer surplus and consumer surplus, respectively tiBan 1996b).

To visualize these welfare gains, it is useful to consider supply and demand
model as a representation of the production and consump®@nvironment.
Taking the supply curve as a reference, the produceplsaris measured by the
area under the market equilibrium price and above thelyupurve. As the supply
curve shifts downward as a consequence ofresearch-imdtexhnological change,
the producer surplus exparfdsSimilarly, taking the demand curve as a reference,
the consumer surplus is measured by the area under the mkkmwave and above
the market equilibrium price. Downward movement of the mypcurve also
increases the consumer surplus. The sum ofthe produckransumer surpluses
represents the economic surplus. Assuming linear demavudsaipply curves (for
ease of computation but at some cost of accuracy) wighéhosed economy (where
supply = production), the mathematical forms of produserplus (PS), consumer
surplus (CS), and economic surplus (ES) are as followsn{iBan 1996a):

2

PS=KxQ—(ﬁxK)Q+-1—B[K—(ﬁxm] M
B+ 2 (B +a)

_BxK) 1 (pxKY}? )

2. This is a consequence of the linear demand curve assumed, for non-linear demand curve with
constant price elasticity. This may not hold if the price elasticity of demand is less than unity in
absolute value.



ES =PS +CS 3)

1 [ﬁxK JZ 1 { (me}?
=KxQ+—a +— 5 K-
2 B+a 2 B+w

Where,

B = Slope of supply curve;

@ = Slope of demand curve;

Q = Output; and

K = Parallel cost-reducing effect of research.

Equation (3) represents the total annual benefit accruimgconsumers and
producers. This single-period static model is the simplession of the economic
surplus approach applied in measuring research benefi@snt(Bin 1996b). It

assumes a parallel shift in the supply function in a nos¢chgoods economy where
economic surpluses with and without research are compafidde assumption ofa
closed economy is relevant in the case of Mali where irdgomal trade in sorghum
and pearl millet is limited.

There are also important costs associated with improvelntelogies. To correctly
estimate the extent of the impact of research, the stohgenefits accruing to
society over the lifetime of the technologies must be coredawith the total

research and diffusion investments. The estimation efséhcosts demands an
understanding of the research process that generated thmdkgies. This is

undertaken in the next section.

Overview of sorghum and pearl millet research

Sorghum and pearl millet improvement research in Mali beganl962 with the
creation of IER. But until the Division de la Recherche Agomique (DRA) was
established in 1970, the research was conducted on a ctuwdtagasis exclusively
with a number of French research institutes, notably theitutsde Recherche
Agronomique Tropicale (IRAT). The IRAT collaborativeqgram was phased out
in 1975, and the ICRISAT/UNDP partnership program in BoeiFaso took over
from 1975 to 1987. Simultaneously, the USAID/ICRISAT/IBbRateral program
was conducted from 1978 to 1991. The ICRISAT West Africa ¢gdham
Improvement Program (WASIP) was formally launched on daeal basis in 1988.
Until then, the Burkina Faso and Mali programs were indejEnt country
programs. In 1989, CIRAD-CA (Centre de cooperation intgionale en recherche
agronomique pour le developpement culture annuellejm@oly IRAT) entered into
partnership with ICRISAT-WASIP at the Samanko (Malisearch station, thereby
reinforcing the sorghum improvement research effort iniMal

10



Two strategically important research stations were dithéd at Sotuba and Cinzana
according to the regional importance of sorghum and eniin the production
systems. The Sotuba research station, located near Bamakaulikoro region, was
established for sorghum (and maize) improvement reseéoc Koulikoro and the
wetter southernmost regions where sorghum follows ragcel maize as the most
important cereals.

The Cinzana research station, located in Segou region, wesbléshed for pearl
millet research targeting the two central regions (Moatid Segou) where pearl
millet remains by far the most important cereal crop, andcrehfood security is
most threatened because of erratic rainfall.

Objectives, methods, and achievements

The principal objective of sorghum research in Mali haserbegrain yield

improvement in order to address the problem of low prooupt and food

insecurity (Luce 1995). This overall objective was pueduessentially through
two approaches. First, breeding efforts sought to impraowe the existing

landraces characterized by limited grain productivity with great adaptability
to local agroecological conditions. This involved collegt testing, purifying,

and offering to farmers the best of the local varietieshwihich they are familiar
(Shetty et al. 1991; Luce 1995). This resulted in the seeacof several improved
local landrace varieties of which ND,, NKK, NBB, MgD3; and HKP (for pearl
millet) and Tiemarifing, Seguetana, and the CSM series §boaghum) are the most
important. In the second approach, breeding efforts wergeenoed toward

introductions and selections using exotic germplasm willaracteristics believed
to be important for sorghum and pearl millet improvemand intensification in
rainfall-deficient areas: short duration (<65 days to fésimg), drought tolerance,
emergence in high soil temperature, high yield, and shimmtpheight.

Achievements through this second approach include theldgwment and release of
varieties such as IBMV 8001, SOSAT-C88, Toroniou, Benké&alin Mangakolo
and Guefoue (for pearl millet); and CE 151, ICSV 1063 BFSW 1079 BF,
CIRAD 406 (ICSU 2001), CGM 19/9-1-1, ICSU 901, and the Maliseries (for
sorghum). These varieties have been tested and releaseddiffusion in
different recommendation domains in Mali. Tables 4 andsh dnd characterize
some of the varieties currently under cultivation in farsiefields. As can be

3. Despite their great adaptability and grain quality, landrace varieties have a lower yield potential
and are too tall to respond to intensive agronomic techniques and efficiently use soil nutrients
and fertilizers (Chantereau 1990).

11
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seen from these tables, different improved varieties weteased simultaneously
or about a year apart. This does not represent a duplicatieffort but rather a

response to farmers' tendency to adopt more than onetyaasea strategy against
crop failure and production risks. For example, Tiemargfiand Seguetana were
released in the same year (1973) but adopted by farmerdifferent reasons: the
first variety for its resistance to grain mold and long smamhd the second variety
for its resistance tc3triga®.

An overview of sorghum and pearl millet extension
services

Until recently, development organizations and natioeatension services were
only indirectly interested in sorghum and pearl milletyadbhgh the development
of "cash crops" such as cotton and groundnut. For example, Gbmpagnie
Malienne pour le Developpement du Textile (CMDT) has whointerest in

sorghum and millet production only in the context of crogaton for a more

sustainable cotton production. As for groundnut, its protden for export has
been so intensely promoted by Operation Arachidiere (OAgp@eernment agency,
that a cereal deficit was created in the groundnut proidumnctzones of Kayes,
Bamako, and Koulikoro in the 1970s (Goita 1996). A numbemgo¥ernment

agencies have been established to organize and promotgahgfer of agricultural
technologies; but these have not been able to functiopeny for lack of logistics
and adequate funding. After a review of the research-outilivery process, the
PNVA was created in 1988. One of its fundamental objectivedoi integrate its
activities with those of other programs such as the Natio®eed Service (SSN),
IER and collaborating institutions (e.g., ICRISAT, CIRADOA), and NGOs in

the development and diffusion of agricultural technaésgyin the country.

The SSN is charged with the multiplication and distributi@himproved seeds in
Mali. Its activities include (1) preproduction demand lgs&; and (2) training and
information dissemination. Preproduction activitiesatel to the initial assessment of
farmer requirements for improved seeds and the plannfriy@duction to meet their
demands. The training and information dissemination umsuees training for
farmers, extension agents, and contract seed-growers wbhduge certified seed.
Breeder's seed (prebase) is obtained from the researclorstaind multiplied into
foundation seed from which certified seed is produced. Mlittation of foundation

4. Seguetana meanSriga resistant in Bambara.
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seed is done at nine SSN seed production farms ("antenresdted in different
agroecological zones. Certified seed is produced by cottfamers in about 20
villages under special UNDP/FAO financing, and diffusedfarmers by PNVA.

Between 1989 and 1992, a total of 568 t of improved sorghum 285 t of
improved pearl millet varieties were multiplied and diburted to farmers
through the formal seed secfofTable 6). The dominant sorghum varieties
multiplied and extended to farmers were CSM 388 (42% ofljpt&SM 63-E
(32%), and Tiemarifing (20%). Improved sorghum seed miuitiation and
distribution rose from 75 tin 1989 to 135 t in 1990, reachitsgpieak of 284 t in
1991. For pearl millet, the dominant improved varietiesultiplied and
distributed through the formal seed sector were IBMV 80@B% oftotal), NKK
(25%), HKP (25%), and Toroniou (21%). As with sorghum, prodan and
distribution of improved millet seeds rose gradually fr@mt in 1989 to 37 t in
1990, to reach a peak of 155 t in 1991 (Table 6). Since 1882h sorghum and
millet seed production by contract farmers fell drastigahs subsidies and
guaranteed prices were removed following the phasing duhe special UNDP/
FAO project.

There are important informal channels for improved seeffusion in Mali.
Farmer-to-farmer transfer is probably the most impottdiffusion mechanism.
However, the volume of seeds passing through this chanreed hot been
documented. It is common for farmers to pick up seeds of impdosorghum
and millet varieties from demonstration plots during opesuse visits to
research stations or farmers' fields. Nongovernmentabanizations also
constitute an important element in the informal trawséf improved seeds. The
best-known NGOs active in seed multiplication and disitibn to farmers in
Mali include World Vision, Voisins Mondiaux, PFDVS/Segoand the Catholic
church missions in drought-prone areas. The successfufoduction of
ICRISAT's sorghum varieties ICSV 1063 BF and ICSV 1079 BREhae Kolokani
area in Koulikoro region is an outstanding example of @a&tholic church's
active involvement in agricultural technology transfarMali.

5. The records examined were incomplete as some of the seed production farms had not reported
their activities. The total improved seed production reported here should be viewed as a
minimum.
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Estimation of research and extension service costs

For the purpose ofthis study, IER and ICRISAT are considehe main sorghum
and pearl millet research collaborators, and PNVA the agehat has diffused the
technologies under study. The contribution of any othdftadmrating institution is

accounted for under IER, ICRISAT, or PNVA. As mentionedliear NGOs have

contributed in the distribution of improved seed in the wgbt-prone areas of
Mali. But for the purpose ofthis study, the costs incurredg NGOs are treated as
"sunk costs", i.e., expenditures whose primary purpasether than sorghum and
pearl millet improvement R&D.

Research costs incurred by IER

Data on the annual costs ofresearch on sorghum and pedétnrturred by IER
for the period 1994-1995 were obtained from IER. This imfation together
with further discussions with senior scientists and adstimators of IER led to the
research cost estimates presented in Table 7e.

Research costs incurred by ICRISAT

The involvement of ICRISAT in sorghum and pearl millet impement research
in Mali started in 1977 as a bilateral program, and latemagsint program with
CIRAD-CA. Using program budget information available tro alternative
sources (Shetty et al. 1991; ICRISAT Annual Reports 1,98988, and 1989; and
personal communications with Dr. D.S. Murty, 1996), costscuirred on
ICRISAT research activities were estimated at US$ 105 §001979 when the
first breeder joined the ICRISAT bilateral program, an&$ 380 250 in 1991,
when the bilateral program was phased out, replaced by ®RISAT West
Africa Sorghum Improvement Program in which CIRAD-CA shabeen
collaborating actively since 1989. These include th@enditures of the bilateral
program (1979-1991), the joint ICRISAT/CIRAD Sorghum pnovement
Program (1989-1995) as well as the expenditures on the Idpweent of the
ICSV series which started in 1977 from ICRISAT-Burkina BasThe bases for
these cost estimates are detailed in Tables 7a, 7b, and 7c.
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Table 7a. Cost estimates ofthe ICRISAT bilateral programin Mali.

First year Total funds Source of

of funding (US$) funding Purpose of funding

1976 Not available  Ford Foundation Creation of the ICRISAT-bilateral prgr

1979 500 000 USAID Research funding for 3 years: 1979, 1980,
and 1981.

1981 3 750 000 USAID Research funding for 5 years: 1982, 1983,
1984, 1985, and 1986.

1983 4000 000 USAID Research funding for 5 more years: 1987,

1988,1989, 1990, and 1991.

Source: Authors' computations are based on funding inédiom available from Shetty et al. 1991.

Table 7b. Estimation of sorghum and pearl millet research csts (US$)
for the ICRISAT program* in Mali.

Total Budget for

program Training All other Sorghum/ Sorghum Millet
Years budgef activities activitied millet research  research research
1979 166667 20000 16 667 130 000 65000 65000
1980 166 667 16 000 16 667 134 000 67 000 67 000
1981 166 667 21000 16 667 129000 64 500 64 500
1982 750 000 6 000 75 000 669 000 334 500 334 500
1983 750 000 60000 75000 615 000 307 500 307 500
1984 750 000 61 000 75 000 614 000 307 000 307 000
1985 750 000 60000 75 000 615 000 307 500 307 500
1986 750 000 60 000 75 000 615 000 307 500 307 500
1987 800000 47 000 80000 673000 336 500 336 500
1988 800 000 34000 80000 686 000 343000 343 000
1989 800 000 19000 80 000 701 000 350 500 350 500
1990 800 000 4 000 80 000 716 000 358000 358 000
1991 800 000 0 80 000 720000 360000 360 000

1. ICRISAT program here includes CIRAD and the West andr@kAfrica Sorghum Researdietwork (WCASRN).

2. The annual budget was calculated by dividing total periodi$ (see table 7a) by the numbewedrs for which the
funds were provided.

3. The training budget was estimated using the informatiothe number of M.S. and Ph.D. students trained and the
training periods provided in Shetty et al. 1991, pp. 19, B976.

4. The program aimed to improve (1) sorghum and milletfa@ge production, (3) animal traction, (4) pigeonpea
production, and (5) training of national scientists. Abt0% of the total annual budget was spent on objed®)e$3),
and (4).

5. The sorghum and millet research budget is the totajrpro budget, net of the training and other program budgets

6. The sorghum research budget is half of the total budgebbfghum and millet research.

7. The millet research budget is half of the total budgesérghum and millet research.

Source: Authors' computations are based on informatiailable from Shetty et al. 1991, p. vii.
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Table 7c . Basis for estimating ICRISAT/WASIP research coss.

Crop improvement Total research Proportion of Budget
research team cost (%) time in project (%} allocation ($)
1977-1988

2 Principal scientists (breeders) 140 000 20 28 000
2 Research assistants 11 500 20 2 300
2 Field technicians 6 500 20 1300
2 Drivers 3 000 20 600
4 Regular work force 4 000 20 800
Operating expenses 75 000 10 7 500
Total annual expenses 240 00O 40 500
1989-1995%

2 Principal scientists (breeders) 230 000 5 11 500
2 Research assistants 12 000 10 1200
2 Field technicians 7 500 10 750
2 Drivers 3 500 10 350
4 Regular work force 4 500 10 450
Operating expenses 60 000 10 6 000
Total annual expenses 317 500 20 250

1. The research expenses incurred during the first twosyeéarthe period 1977-88 concern the initial
research activities for ICSV 1063 BF and ICSV 1079 BF by K \nRé&ah in Burkina Faso, as well as pearl
millet research activities by S N Lohani. The research fo¥ two sorghum varieties as well as for some
pearl millet technologies (e.g., Benkadinio) were contpte at Samanko, when ICRISAT moved from
Burkina Faso to Mali.

N

. By 1989, most of the technologies under assessment instbhidy were more or less developed, so that
research on them was reduced mostly to adaptation, and siseand pest resistance trials for further
improvement. Research costs for the period 1989 -1995 (fervarieties considered in this study) were
estimated at $20 250 annually.

w

. This is based on discussions with senior scientists wavetknowledge about the ICRISAT/WASIP
research program and its activities.

Source: Authors' computations were based on the annualgéudeconstructed with guidance from

senior ICRISAT scientists who have knowledge about tBRISAT/WASIP research program and its

activities.
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Costs of extension services incurred by PNVA

The principal Malian government agency responsible foriagtural technology
diffusion, PNVA came to existence only in 1988. In this studis mentioned
earlier, all agricultural extension systems before anftera 1990 have been
assimilated in PNVA. Thus, the intervention of PNVA coedrthree periods:
1973-1975, 1976-1982, and 1983-1995. Extension activiteend associated
expenses over these periods were estimated with the guédahsenior extension
officers who have knowledge about the technologies undedys The results are
presented in Table 7d.

Table 7d. Annual costs incurred on extension services byhe PNVA.

Period Extension activities over the periods Expenditure (US$)
1973-1975 On-farm demonstrations 5 500
Seed multiplication and distribution 9 500
Operating expenses 12 000
Average annual expenditure 27 000
1976-1982 On-farm demonstrations 11 500
Seed multiplication and distribution 19 500
Operating expenses 15 000
Average annual expenditure 45 500
1983-1995 On-farm demonstrations 20 000
Seed multiplication and distribution 19 500
Operating expenses 25 000
Average annual expenditure 64 500

Note: Staff salaries and benefits are treated as "sunk c@8f that is costs which would occur even if these
extension activities were not carried out. Therefore, thy were omitted in the calculations.

Table 7e summarizes the estimated research and extensiviteseosts incurred
on the improvement and diffusion of sorghum and pearl millatieties since
1969. In the earlier years (1969-1975), all the researcdiscavere incurred by
IER and the extension costs by PNVA. Between 1976 and 198R,dd&ntributed
17% of the total research and extension costs, compared w8&h for ICRISAT
and 24% for PNVA. Between 1983 and 1995, ICRISAT's contribmutreached
68% and those of IER and PNVA fell slightly to 15% and 17%sprectively.
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Table 7e. Breakdown ofthe research and extension cos{sn US$) for

sorghum and millet improvement in Mali.

Year IER ICRISAT?! PNVA Total costs
1969 17 500 0 0 17 500
1970 17 500 0 0 17 500
1971 17 500 0 0 17 500
1972 17 500 0 0 17 500
1973 17 500 0 27 000 44 500
1974 17 500 0 27 000 44 500
1975 17 500 0 27 000 44 500
1976 32 331 0 45 500 77 831
1977 32 331 40 500 45 500 118331
1978 32 331 40 500 45 500 118331
1979 32 331 105 500 45 500 183 331
1980 32 331 107 500 45 500 185 331
1981 32 331 104 500 45 500 182 331
1982 32 331 374 500 45 500 452 331
1983 57 731 347 500 64 500 469 731
1984 57 731 347 500 64 500 469 731
1985 57 731 347 500 64 500 469 731
1986 57 731 347 500 64 500 469 731
1987 57 731 377 000 64 500 499 231
1988 57 731 383 500 64 500 505 731
1989 57 731 370 750 64 500 492 981
1990 57 731 378 250 64 500 500 481
1991 57 731 380 250 64 500 502 481
1992 57 731 20 250 64 500 142 481
1993 57 731 20 250 64 500 142 481
1994 57 731 20 250 64 500 142 481
1995 57 731 20 250 64 500 142 481

1. ICRISAT here includes CIRAD-CA, its collaborating inigtition.
Authors' estimates.

Source:
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Results and discussion

This study produced two types of results: the adoption ewyrkesults and the
impact assessment results.

Adoption survey results

The adoption study was designed to track, for the perio8012995, the spread
of improved sorghum and pearl millet technologies reéshdn Mali. In the
process, important information was collected on the faighesocioeconomic
characteristics that are likely to influence adoption beba

Socioeconomic characteristics of farmers

The farmers' socioeconomic characteristics about whidbrmation was collected

included: education levé&l size of household and family labor; experience
membership in village-level association; access tallaagricultural equipment, and
extension services; commercial and organic fertilizes;usnd sources of first seeds
of improved varieties.

The survey results indicate that most farmers in the stuhions did not have
formal education, as nearly 70% ofthe sampled farmenewaable to comprehend
extension messages communicated orally in French orewrith French or in the
local language. Only 7% of the farmers in the sample walrke to read, write, and
speak French and the local language. The average houbelizd was about 22
people, of whom 9 were active family members. HouseholdfénKoulikoro region,
however, tended to have fewer active members (about &h flarm households in
Mopti (about 11) and Segou (about 9) regions. They also t@ndéave less access
to land (about 13 ha) than households in Mopti (about 19ama) Segou (about 17
ha). The per capita household landholding is thus less thdra #verywhere. The
Koulikoro farmers, however, were more experienced ingbam/millet farming
(21 years) than their counterparts in Mopti (17 years) 8edou (18 years). In all
the three regions, farmers tended to participate in véiEyel associations, had
access to extension services, and utilized more farmyardunethan commercial
fertilizers in sorghum/millet production. Table 8 sumnmas these results.

6. The education most relevant at the farm level concerns the farmer's ability to comprehend
technological messages communicated in French or written in the local language.
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Table 8. Summary ofthe socioeconomic characteristics darmers in
Mali.

Farmer characteristic Mopti Segou Koulikoro
Household size 23 22 22
Total household landholding 19 ha 17 ha 13 ha
Household landholding per capita0.83 ha 0.77 ha 0.59 ha

Years of experience of head
of household 17 years 18 years 21 years

Proportion of farmers with
no education 74% 67% 55%

Village-level association membership 80% 72% 100%

Proportion of farmers with

access to extension services 99 % 92% 82%
Basic farm equipment utilization 95% 99% 100%
Commercial fertilizer utilization 1% 1% 0.5%
Farmyard manure utilization 98 % 99% 100%

Source: Authors' computation are based on farm-level esurv

The farmer-to-farmer channel remains the primary sourcenédrmation and

first seeds ofimproved varieties (Table 9), although thenfers insisted that they
have a good relationship with the extension services. Haweuwhis informal

channel of information and seeds diffusion was less impuorta Segou. This is
perhaps best explained by the presence ofthe SSN in themregi

Table 9. Importance ofvarious sources ofinformation abut varieties

and first seeds ofnew varieties in three regions ofMali.

Mopti region Segou region  Koulikoro region  All three regions
Information  First Information First Information First Information First

Sources on varieties seedson varieties seeds on varieties seeds on varieties seeds
Other farmers 86% 95% 6% 11% 66% 62% 61% 61%
Extension agents 9% 5% 50% 44% 8% 9% 14% 13%
Other villages 0% 0% 0% 6% 4% 7% 1% 0.73%
Seed service 5% 0% 33% 39% 1% 0% 7% 10%
NGOs 0% 0% 11% 0% 21% 21% 16% 15%
Local markets 0% 0% 0% 0% 0% 1% 0% 0.73%

Source: Authors' computations are based on farm-leveegur
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Adoption rates of improved sorghum and pearl millet varieties

Ultimately, the real impact of an applied plant breedingprovement program
remains the proportion of the total targeted area sown ¢oittproved varieties that
have come out ofthe program. To put the IER/ICRISAT/CIRARdxing program
to this test, on-farm surveys were conducted and adoptad@esrcomputed on the
basis of the survey data. The rates were not cumulative stitnated for each of the
survey years (1990-1995) as the proportion ofthe ar@enso improved varieties to
the total rainfed area under the culture. These rates wesme projected forward to
the year 2018 and backward to 1973 for the years outsidestineey period (see
Adoption rate projection on page 34 for more details). TWes necessary for the
evaluation ofthe streams of benefits flowing from the adwp ofimproved varieties.
The computed adoption rates are presented in Tables 10 anfdrIsbrghum and
pearl millet, according to the two breeding strategiescdégd previously. For the
purpose of analysis, the varieties developed through ifse Hreeding strategy are
referred to as "generation 1" varietiesvhile those which came out of the second
strategy are referred to as "generation 2" varieties. Tdepton rates presented in
Tables 10 and 11 show the substantial spread of improvedties of sorghum and
pearl millet in the drought-prone regions ofthe Maliardd basket (Mopti, Segou,
and Koulikoro) targeted by sorghum and millet improvemeegearch. These rates
clearly represent a significant improvement over thees (5%) reported in mid 1980
(Matlon 1990). But Matlon's report focused more on introdd varieties or those
bred using exotic material than on improved landraces.gtauping the data
according to the two breeding approaches indicated eailiavas clear that most of
the improved sorghum and pearl millet varieties adopted &li Mere based on local
material. Five of the eight new varieties in use in farshérelds were of the Guinea
type, native to the West African ecosystem; the othee¢hwere of the Caudatum
type from crosses using introduced germplasm (Table XAewise, most of the pearl
millet varieties in farmers' fields in Mali were developedt of Malian landraces
(Table 5).

The observed preference of farmers for late-maturing etEs based on local
material is due to the good adaptability of these varseti®e the local environment
and the traditional farming system, especially in yearsosfmal or good rainfall. It
is also due to the well-known food quality of their grains. spite of their lower
productivity, these improved local varieties are favobextause they are familiar to

7. Because generation 1 varieties (or "farmer ready" varieties) have limited yield potential, they
were not suitable for crop intensification. The development of generation 2 varieties was in
response to the need for an intensification of sorghum and pearl millet production.
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fanners who have mastered their cultivation over the ye@hese local varieties are
also favored for their plant height (usually over 4 m) wthimakes their stalks useful
as building materials. Nevertheless, there is an increpsiend toward adoption of
introduced varieties, especially of sorghum over theipe 1990-1995.

The adoption rates ofimproved varieties of sorghum arendign Koulikoro than

in the other two regions. This is explained by the importantsorghum in the
food system and the more favorable agroclimatic corodisi in the region. The
rates obtained in Mopti and Segou are relatively importgiven the secondary
place this crop occupies in the food system of the two regidAs for pearl millet,

the estimated adoption rates are higher in Segou than inotter regions. This is
explained by the presence in the region ofboth the SSN aedCiihzana research
station (the country's principal pearl millet researchnteg). The lower rates
observed in Mopti are mostly explained by the low densityeeghnical extension
services in the region. In Koulikoro too the low interest eap millet cultivation,

demonstrated by the Operation Haute Vallee du Niger (OHVMthe region's
principal development service, explains in large part tbv@ adoption rates.

Adoption rates ofimproved varieties derived from exotiargplasm are observed
to be generally higher for pearl millet than for sorghumhi§ is because pearl
millet is more hardy than sorghum, and grows on poor sandly bsmtter than
sorghum. Moreover, for pure-line varieties and compesibf pearl millet, seed
need not be bought on a regular basis but only to perioldigelplace stock.

Finally, it must be highlighted that although the estimhtadoption rates of

improved varieties are substantial, age-old landracesoo§hum and pearl millet

still remain dominant in farmers' fields. This leads us tdemine the fundamental

fact, evident in Mali as elsewhere in Sahelian Africa, ttted adoption of improved

agricultural technologies is positively related to impemnent in the farming

environment as a whole. Local technologies will be prefd to new ones as long as
the farming environment remains unchanged (Fig. 2). Aspm, point A seems to
describe best the Mali situation.
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F 3
Adoption trend Point A
Improved technology

\_// Local technology

B
™

Improvement in the farming environment

Figure 2. Relationship between the farming environment and adoption trends of local
and improved technologies.

Source : Based on comments and suggestions from Alfa Maiga, DG of IER.

Reasons for adoption

Farmers cited several reasons for their adoption of impdosorghum and pearl
millet varieties. The most important of them were shoatration, high yield, and
good food quality (Tables 12 and 13). For sorghum as welbapédarl millet, the
early-maturity trait was ranked first in all the study regs, followed by high
yield, food quality andSriga resistance, in that order. The high ranking of the
short-duration trait is confirmation that drought is get the most important
factor limiting coarse grain production in Mali as in mosth®lian countries. The
frequency with which this trait was cited was higher in Mioahd Segou (the drier
regions with average annual rainfall below 700 mm) than iauKkoro (the
wetter region of the three, with rainfall averaging 800 mnQther supporting
factors for the preference for short - maturing varietieslude: risk hedging, and
early end of hunger period (Ahmed et al. 2000). High yield, tbe other hand,
was most important in Koulikoro where sorghum and milleivé to compete
with other high-yielding crops such as maize and rice.
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Table 12. Farmers' reasons for adoption of

improved sorghm varieties

in Mali.

Mopti Segou Koulikoro Across the
Reasons for adoption region region region 3 regions
Sample size 22 18 97 137
Short duration 95%* 89% 76% 81%
High yield 50% 67% 78% 72%
Good food quality 32% 39% 27% 29%
Sriga resistance 0% 6% 18% 13%

1. Percentages indicate the frequency with which a reasomdoption was cited.

Source: Results of on-farm survey, 1996

Table 13. Reasons for adoption ofimproved pearl millet veieties in

Mali.

Mopti Segou Koulikoro Across the
Reasons for adoption region region region 3 regions
Sample size 56 62 24 142
Short duration 96%* 87% 92% 92%
High yield 57% 87% 75% 73%
Good food quality 36% 35% 38% 36%
Sriga  resistance 0% 2% 21% 8%

1. Percentages indicate the frequency with which a reasomdoption was cited.

Source: Results of on-farm survey, 1996.

By citing good food quality as a reason (albeit ranked dpirfor adopting
improved sorghum and pearl millet varieties, farmers pded an important
indication that breeding efforts have been successful iproawing the grain
Farmers also acknowdddihat some of the
improved varieties have good resistanceStioga, the witchweed endemic to West
and Central Africa, which severely reduces productivityfarms unable to afford

quality of these new technologies.

existing Sriga control methods

30



Constraints to adoption

The large number of nonadopters shows that the majority rofidas in all three

regions are still using traditional varieties of sorghund gearl millet. To assess the
importance of the limiting factors, their frequency dibutions were computed
and are presented in Table 14 for sorghum and Table 15 fot pehet.

Table 14. Major constraints to adoption ofimproved sorghumvarieties
cited by nonadopting farmers in Mali.

Mopti Segou Koulikoro Across the
Reasons for nonadoptiomegion region region 3 regions
Sample size 43 32 87 162
Lack of information 80%" 84% 52% 66%
Lack of improved seeds 67% 66 % 39% 52%
Decreasing soil fertility 14% 84 % 12% 13%
Preference for locals 7% 16% 17% 14%

1. Percentages indicate the frequency with which a reasomdmadoption was cited.
Source: Results of on-farm survey, 1996.

Table 15. Major constraints to "adoption ofimproved pearlmillet
varieties in Mali.

Mopti Segou Koulikoro Across the
Reasons for nonadoptiomegion region region 3 regions
Sample size 66 61 25 152
Lack of information 68%* 57% 28% 57%
Lack of improved seeds 15% 46 % 20% 48 %
Decreasing soil fertility 14% 12% 16% 20%
Preference for locals 21% 33% 16% 26%

1. Percentages indicate the frequency with which a reasomdmadoption was cited.
Source: Results of on-farm survey, 1996.
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The major reasons for nonadoption as shown in Tables 14 anaret5(1) farmers
are not well-informed about the existence of improvedietes of sorghum and
pearl millet and the cultural requirements of these tedbgies; this is an
important constraint as it was cited with insistence by apreshelming number
of farmers throughout the study regions; this constrauit remain as long as
national extension services coverage continue to be lidpitend farmer-to-farmer
contact remains the main channel for improved technologyorimation
dissemination and distribution. (2) the improved seeds raot always available
when needed and in the required quantity; (3) soil infigytis a limiting factor;
some ofthe improved varieties, especially the introduoeds, require a moderate
level of fertilization for their productivity. When farme&r cannot meet this
requirement, they shy away from taking up the technologées] (4) small farmers
with limited land tend to avoid taking risky decisions; yhare very often reluctant
to give up the familiar traditional varieties for sometgimew which may or may not
work. This preference for local varieties is sometimesnf@iced by past
unsuccessful trials with improved materials.

Impact evaluation results

The process of assessing the impact of research and egtensvestments
involved combining farm-level information with data on easch and extension
costs and related economic parameters, to produce a numbeuantitative
indicators of profitability, efficiency, and food-sectyiimpact. This section sets
the premises for estimating returns to research investmemntd evaluates the
indicators of the impact of the investments.

Premises of the evaluation

The assessment of returns to sorghum and pearl millet reseamd diffusion
investments were based on the following premises:

Base-level prices and production.These were computed on the basis of
national agricultural statistics complemented by FAO'gréstat data (Table
16). Since, complete regional sorghum and millet data eweot available,
benefits evaluation was restricted to an aggregate amaly8iase-level price and
production figures are averages for the periods 197381qfor generation 1
varieties) and 1986-1989 (for generation 2 varieties). sThd to avoid using
extreme values which may be associated with actual pritg@ mroduction data
for a particular year.
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Table 16. Area, production, and prices ofsorghum and pearl millet in

Mali, 1975-1994.

Sorghum Pearl millet

Area Output Price Area Output Price
Year (‘000 ha) (‘o000 t) (CFA?) (‘000 ha) ('000 t) (CFA?)
1975 451 393 39 632 670 532 38 450
1976 570 353 37 230 844 477 39 300
1977 571 319 38 020 846 432 39 890
1978 369 387 38 360 546 523 40 890
1979 384 317 38 930 570 429 40 200
1980 446 301 39 490 660 407 39 460
1981 472 404 40 060 700 546 43 520
1982 549 449 40 630 813 608 42 200
1983 580 504 41 190 815 594 42 770
1984 387 370 41 760 910 507 43 150
1985 425 471 40 550 841 871 42 750
1986 418 465 39 010 822 806 42100
1987 491 513 39 790 782 694 44 250
1988 679 672 41 010 1196 1000 43 930
1989 774 731 40 790 1083 842 38 180
1990 809 531 51 270 1213 737 52 000
1991 741 770 51 110 1262 890 52 020
1992 850 602 38 900 1074 582 40 680
1993 1006 694 45 340 1280 708 46 640
1994 977 746 43 300 1404 858 45 730

1. Price data are nominal producer prices from the Maliaarkat information system (SIM) database.
Since these prices do not show much variation, it was not gszog to use real prices.
2. CFA = Franc de la communante financiere Africaine.

Source: FAO Agrostat1994; Direction de la statistiqueiage, Mali, and SIM (Mali).

Farm cost structure. On the basis of the survey data, the cost structures of

sorghum and millet production using traditional and imped varieties were
computed and compared (Tables A-I and A-2 in Appendix A). Theditional

costs associated with the use of new technologies are ynastithe areas of land
preparation, farmyard manure and its application, halwngstseeds, insecticide
application, and farm equipment rental. There are no addal land-

preparation costs between farmers' varieties and gerarati technologies. This
additional cost concerns only generation 2 technologiesciwhrequire plowing
following normal land preparation. The plowing processoatsquires the use of

animal traction, the rental of which adds to production sost
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Adoption rate projection. The sorghum and pearl millet adoption rates
estimated for the survey years (1990-1995) were projected backward and forward
using the logistic function (Figures 3 and 4). For the projection, adoption ceiling
rates of20% (for generation 1 sorghum and pearl millet) and 40% (for generation 2
pearl millet), and 30% (for generation 2 sorghum) were set. The rational for setting
these ceiling rates is twofold: first, generation 1 pearl millet and sorghum
technologies have been around for such a long time that it is believed that their
adoption pattern will not rise beyond 20% before falling. As for generation 2
varieties of sorghum and pearl millet, it is believed that their early-maturity, high-
yielding characteristics will help their adoption to spread and reach the 30% (for
sorghum) and 40% (for pearl millet) ceiling levels by the year 2018 given the
pressing need for food security in an ever demanding agroecological environment.
Changing these rates significantly will require a strong political will to address
major sorghum and pearl millet adoption constraints facing farmers in the country.
Such political commitment is unlikely in an environment of structural adjustments
characterized by government budget reduction and privatization.

Demand and supply elasticities. The economic surplus approach requires
the use of supply and demand elasticity estimates. Because elasticity parameters
were not available from previous studies in Mali or elsewhere in the region,
initial parameter values were guessed and their validity tested through
sensitivity analysis. The basis of the demand elasticity guess was the following
definition; taking into account substitution effect, budget share, and income
elasticity of demand:

E, = |o~p.p |
where,
E, = elasticity of demand in absolute value;
g = clasticity of substitution;
p = budget share; and
u = income elasticity of demand.

For Mali, as for most Sahelian countries, the typical ranges for @, p, and u are:
1< < 0; 0.10< p < 0.30; and 0.20 < u < 0.80 (Masters et al. 1995). Thus,
values of-0.50, +0.50, and 0.50 were set for &, p, and u, respectively, yielding an
elasticity of demand of-0.75.

As for the assumed value for the supply elasticity of 0.40, it is based on the fact
that sorghum and pearl millet in Mali remain subsistence crops produced
primarily for domestic consumption even though this trend has been changing in
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recent years. Furthermore, current production constsaimte such that supply
response to output price change is unlikely to be sigaifi, at least in the short term.
The assumed elasticity values of -0.75 and 0.4 were founfetaconsistent with

conditions typical for coarse grain demand and supply imetgping environments

such as those in West and Central Africa (Masters et &51Yapi et al 1999).

Indicators of research impact

Three basic parameters were used as indicators of the im@fasorghum and
pearl millet research in Mali. They were: food security, heical efficiency, and
profitability.

Food security. The use of improved sorghum and pearl millet varietiesder
farmers' conditions has brought about significant yigldins to the adopting
farmers. Yield advantages over local cultivars were geedor generation 2 than
for generation 1 varieties (Table 17). For example, adogtiarmers gained an
additional 234 kg hd using generation 1 varieties of sorghum, and 426 kg b
adopting generation 2 varieties (Table 17). Similarlyagemillet farmers gained
101 kg ha' and 264 kg hd by using generation 1 and 2 varieties, respectively
These yield gains are consistent with those reported eleeavfor Mali (Shetty et
al. 1991). However, these gains should not be viewed asittmact of using
improved seeds alone, but rather as the result of usirgettseeds within farmers'
survival strategies. For example, farmers tend to cutdvamproved varieties
either near homesteads where household residues and dadnmganure can be
easily deposited, or on newly cultivated land with good saiélity. This is part of
a strategy to meet the fertilization requirements for aation of improved
material, given the farmers' nonability to purchase comuared fertilizers for use
in subsistence crops. These yields would be even gre&farmers fully adopted
the recommended agronomic practies With such a boost in productivity,
adopting farmers would have more access to food for tfeanilies and for social
ceremonies as well as a marketable surplus. Apart fromromement in
productivity, food security is also enhanced through tts® wf early-maturing
varieties which are known to reduce risks from late-seasimught and to close
the hunger gap by providing the first food in the farmireny.

8. Greater yield gains could potentially be secured if farmers were able to adopt the full tech-
nological package including improved seeds and accompanying management requirements.
Shetty et al. (1991) have reported on station yields as high as 3000 kg ha™ and 2000 kg ha™, for
sorghum and pearl millet respectively in Mali under intensive farming (i.e., using commercial
fertilizers at a rate of 100 kg ha™ or more depending on the soil type and quality).
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Table 17. Yield advantages ofimproved sorghum and peamillet varieties
in Mali.

Yield Yield advantagé Increase in
Varieties (kg ha') (kg hal) yield (%)
Sorghum
Local 598 - -
Generation 1 832 234 39
Generation 2 1024 426 71
Pearl millet
Local 548 - -
Generation 1 649 101 18
Generation 2 812 264 48

1. Yield advantage was calculated as the difference ketwan improved variety and the best local variety.
Source: Results of farm-level survey conducted by the argh

Technical efficiency. Cost analyses of sorghum and pearl millet production
indicate that by using improved cultivars farmers are aflleachieve substantial
reduction in the per unit cost of production. For millehetresults ofthe analyses
show a unit production cost reduction of CFA 8706 (about UB®t?) using
generation 1 varieties and CFA 15 601 (about US$ 31 using generation 2
technologies (Table A-1 in Appendix A). For sorghum, umpitoduction cost
reductions of CFA 10 686 (about US$ 24)tand CFA 21 803 (about US$ 42 t
1y were obtained using generation 1 and generation 2 viasgetespectively, rath-
er than farmers' local varieties (Table A-2 in Appendix. AHigh-yielding im-
proved sorghum and millet varieties therefore improve tavel of technical effi-
ciency at which farmers operate. The extent of this impemment has important
implications for the extent ofthe financial returns anehbfits to research invest-
ments.

Financial returns and benefits. The study has shown high financial returns and
benefits to past investments in sorghum and pearl miligtriovement research in
Mali. At a 10% discount rate, and supply and demand elaggibf 0.4 and -
0.75, the net present values (NPV) of the benefits of thesedtments were
estimated at US$ 25 million for pearl millet and US$ 16 noiflifor sorghum.
These represent internal rates ofreturns (IRR) of 50% a@% 6respectively for
pearl millet and sorghum research (Tables A-3 and A-4 in Aghe A).
Disaggregating the total gains into the two generationlsreéding materials, one
finds generational differences. For sorghum, the NPVs dgeneration 1 and 2
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materials were US$ 7.1 million and US$ 17.5 million with IRBE68% and
32%, respectively (Table A-5 in Appendix A). For pearl kat] the NPVs were
US$ 4.3 million for generation 1 materials and US$ 50.9 raillfor generation 2
materials. The IRRs were 44% and 46% respectively (Table ih Appendix A).
Subsequent sensitivity analyses showed that these estsmare robust, that is,
they do not change significantly with variations in the pmaeders, except NPV
which is sensitive to variations in both the discount rabal yield gains (Tables A-
6a, A-6b, A-6¢ in Appendix A).

Three interesting observations derive from the abomalyical results. The first
is that a substantially lower rate of adoption of generat2 varieties compared
with generation 1 varieties (at least for sorghum) is akged with a substantially
higher NPV (CFA 17.5 million vs. CFA 7.1 million). The explaton for this
first observation resides in the larger reduction in ymmioduction cost associated
with the use of generation 2 technologies. Indeed, givereaesh costs, the
greater the reduction in unit production costs associatétt a technology, the
greater the associated benefits (NPV) will be. This akdyueesults from the very
calculation of NPV in which the stream ofnet benefits diskeepend largely on the
extent of the unit production cost reduction.

The second observation is that the substantially lower NfeV generation 1

varieties compared with generation 2 varieties is asstedd with a substantially
higher IRR, at least for sorghum (68% vs. 32%). This secolmgkeovation is best
explained by reference to the important relationship w IRR and the timing
of technology development, release, and adoption. Thertehothe time gap
between research and development (R&D) of a technology igsndelease and
adoption, the greater the returns associated with the afséhat technology
(Masters et al. 1995). This second observation is in faet téflection of what
happened in Mali with regard to the timing ofthe R&D, redeaand adoption of
the sets of technologies under study. Indeed generatiowarleties of sorghum
and pearl millet were researched and developed from 1BP%B2, and were
immediately released to farmers for adoption in 1973. As deneration 2

varieties of both cultivars, their R&D started around 19baut their release for
adoption started far later in about 1985 (Table 4). Tigmisicantly shorter R&D

and release gap of first generation varieties means les$ sobeams and more
streams of benefits, leading to a larger rate of returnsthe research and
development investments; the opposite of this holdstfee longer gap between
R&D and release of generation 2 varieties.
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The third observation deriving from the above analytiocedults has to do with the
discrepancy between the NPV in the aggregate analysis h@adstm of the NPVs
in the disaggregated analysis [CFA 16 million vs. CFA 24.6lionn (7.1 million +

17.5 million) for sorghum; and CFA 25 million vs. CFA 55.21kdn (4.3 million

+ 50.9 million) for pearl millet]. This result is possibénd finds its explanation
in the fact that the aggregation process dilutes the stirenfiboth the yield gain
and unit production cost reduction effect of generationva&ieties, whereby
reducing the streams ofannual gains to the research angla@went investments.

Summary of gains from research

The returns to research in terms of food security, techniefiiciency, and

profitability are summarized for sorghum and pearl ntilienproved varieties
emanating from the two breeding philosophies (Table A-5Appendix A). On

aggregate (i.e., both generations together), sorghumareh returns a yield gain
of 330 kg ha', a unit cost redaction of CFA 16, an NPV of US$ 16.4 milliand

an IRR of 69%. Most of the gains to sorghum research weretrclouted by

materials from generation 2, corresponding to 426 kg hayield gain, CFA 22
kg* cost reduction, and an NPV of US$ 17.5 million.

Similarly for pearl millet, aggregating all the improvearneties returns a yield
gain of 183 kg had, a unit cost reduction of CFA 12 Kg an NPV of US$ 25
million, and an IRR of 50%. As with sorghum, generation 2 miais contributed
the most to the returns from adopting improved pearl milletieties.

Conclusions and implications

This study has demonstrated that past investments in sangand pearl millet
improvement research and extension in Mali have been highbcessful. With
estimated NPV and IRR as high as US$ 25 million and 50% éarpmillet and
US$ 16 million and 69% for sorghum, these investments haeen highly
profitable compared with any other investment alternatin the public sector.
An important lesson from the disaggregated analyses it tih@ shorter the time
gap between research and development, release, and adoptibe technology,
the greater the returns to the research and developmemndstments of the
technology. Important technologies were developed assalr®fresearch, some of
which were adopted by farmers to a significant degreereEhmajor farm-level
impact indicators have been identified: (1) productioeraased significantly when
farmers adopted improved sorghum and millet cultivaradiag to a reduction in the
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unit cost of production; (2) farmers increased their foedwsity by producing more
food as well as generating a marketable surplus; and (3ndes became more
efficient in their use ofbasic inputs such as labor andlla®uch increased returns
to land and labor are important in improving subsistencenfas' revenues. For
example, the higher productivity frees land and labor vimhéan then be invested
in alternative enterprises, thereby diversifying souroésncome.

Farm-level impacts were clearly greater for generationhan for generation 1
varieties. For example, the average yield advantagesaated with generation 1
varieties were estimated at 39% for sorghum and 18% farlpmillet while for
generation 2 varieties, these were as high as 71% for aongand 48 % for pearl
millet. The associated reductions in unit costs of prodarctof pearl millet were
about CFA9 k¢! for generation 1 and CFA 16 Kgfor generation 2 varieties. For
sorghum varieties, the reductions in unit costs of produrctwere estimated at
CFA 11 kg* for generation 1 and CFA 22 Kgfor generation 2. Nevertheless,
farmers tend to prefer generation 1 varieties over genema® varieties. This
preference is explained by the following three reasonst) farmers are more
familiar with generation 1 varieties than generation 2iees (the former being
improved versions of farmers' traditional varietief?) generation 2 varieties of
sorghum and pearl millet are more demanding in terms offeciilization, seed
purity, and agronomic practices; (3) the farming enwvimeent in most of the
research sites remains traditional (labor-intensive duation systems, most
farmers are small and poor), with little or no improvement dllow greater
adoption of generation 2 varieties despite their highexdpctivity.

Farmers' reaction to the new varieties developed withtiexpermplasm raise two
fundamendal questions: (1) Should we be more concernetth wroductivity

gains than adoption rates? (2) Should we continue to dgvekw technologies
for use in old farming environments? The answers to thesetjams are crucial
for achieving greater impact with agricultural researahMali.

Greater productivity vs higher adoption rates. The drive for greater

productivity in developing agricultural technologiesr féfrica seems to be well
justified in a continent prone to hunger. Yet, the resultthif study show a higher
preference by farmers for improved local varieties thfan high-yielding new

varieties developed with exotic germplasm. Does this inthgt we should be more
concerned with adoption rates than productivity gains? n&ed to be more careful
here in assessing the situation. First we need to realiaettte exotic varieties have
not been completely rejected, but adopted to quite a Sogmit degree by a selected
class of farmers who unfortunately, do not show clear dedive characteristics.
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Second, we should recognize the constraints cited by nopieds and see whether
their resolution would improve adoption. High seed costsd a increased

fertilization are but some of the factors limiting theloption of exotic varieties.

Clearly, until we remove these constraints, we will nekeow where our concerns
should really be.

Should we continue to develop new technologies for use imld farming
environments? The results of this study seem to indicate that there dsreal
need for breeders if all that is wanted is to develop higdeing, early-maturing
varieties for use under the same old traditional practioé the average African
farmer. Unless farmers' traditional conditions are chedgignificantly, high-
input improved varieties developed through plant breedimgy not be widely
adopted; and it would be wise to again emphasize the eadpgroach of
collecting, testing, purifying, and offering to farmersettiocal landrace varieties
which fit well into the traditional farming environmergnd with which small
farmers are familiar.

Nevertheless, emerging changes in the socioeconomic enfient of West African
countries must be noted. The recent devaluation of the CdnAl market
liberalization as major structural adjustment initv@s are examples of such changes.
With these changes comes a greater demand for domestierimiat for processing
in the brewery, feedstock, and bakery industries. Thesw developments, if
sustained, may create ready markets for farmers, progidicem with the incentive
to move beyond subsistence production into market proidmc This niche can
be satisfied by emphasizing high-yielding and high-inguttivars.
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Table A-6a. Sensitivity analyses ofthe demand and supplylasticities

and the discount rate.

Benefit indicators Benefit indicators
of sorghum of pearl millet
Alternative values NPV NPV

of demand elasticity (million US$) IRR (%) (million US$) IRR (%)

0.85 16.51 69.15 25.14 50.32
0.80 16.49 69.11 25.11 50.30

0.75 16.47 69.07 25.08 50.28

0.70 16.44 69.03 25.05 50.25
0.65 16.41 68.98 25.01 50.22
Alternative values NPV NPV

of supply elasticity (million US$) IRR (%) (million US$) IRR (%)

0.50 16.63 69.35 25.28 50.44

0.45 16.55 69.22 25.18 50.36

0.40 16.47 69.07 25.08 50.28

0.35 16.37 68.91 24.97 50.19

0.30 16.27 68.74 24.85 50.09

Alternative values NPV NPV

of discount rate (million US$) IRR (%) (million US$) IRR (%)
0.15 4.79 69.07 6.52 50.28
0.12 9.78 69.07 14.31 50.28

0.10 16.47 69.07 25.08 50.28
0.08 28.82 69.07 45.40 50.28

0.05 72.14 69.07 118.05 50.28
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Table A-6b.

improved varieties).

Sensitivity analyses ofsorghum yield gainsbést locals versus

Alternative values Alternative
Average yield of generation 1 sorghum
of local sorghum sorghum yield yield gaint
varieties (kg ha) (kg hat) values (kg had) NPV
A B B-A (million US$) IRR (%)
598 850 252 8.19 74
598 832 234 7.13 68
598 727 129 0.03 10
598 726 128 -0.03

Alternative values Alternative
Average yield of of generation 2 sorghum yield
local sorghum sorghum yield gain' values
varieties (kg ha) (kg ha') (kg hat) NPV
A B B-A (million US$) IRR (%)
598 1040 442 18.30 33
598 1024 426 17.47 32
598 759 161 0.02 10
598 758 160 -0.06 -

1. Yield gains/advantages are computed as yield difféaéritetween improved and local varieties.

Table A-6c¢.

versus improved varieties).

Sensitivity analyses of pearl millet yield gais (best locals

Average yield of

Alternative values
of generation 1

Millet yield
gain' values

local millet pearl millet (kg ha) :local vs

(kg ha') yield (kg ha®) generation 1 NPV

A B B-A (million US$) IRR (%)

548 660 112 5.26 51

548 649 101 4.32 45

548 602 54 0.15 11

548 600 52 -0.03 9
Alternative values Millet yield

Average yield of
local millet

of generation 2
pearl millet

gain' values
(kg ha'): local

(kg ha') yield (kg ha') vs generation 2 NPV

A B B-A (million US$) IRR (%)
548 820 272 53.52 47
548 812 264 50.80 46
548 674 126 0.09 10
548 673 125 -0.32 -

1. Yield gains/advantages were computed as the yieldrefiffial between improved and local varieties.
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