Impacts of Genetic 10
Enhancement in Pearl Millet

M.C.S. BANTILAN AND U.K. DEB

This chapter documents the benefits from pearl millet genet
enhancement research conducted by the International CRgsearch
Institute for the Semi-Arid Tropics (ICRISAT) in partnerighwith
national agricultural research systems (NARS). ICRISARRS
research efforts and the resultant impacts are summarizedogniz-
ing that many improved pearl millet cultivars are the joproducts
of the partnership. Benefits from pearl millet improvenemsearch
are measured in terms of yield gain, reductions in productomst
and increases in profitability. This study documents theard of
pearl millet germplasm improvement in the form of open-podted
varieties (OPVs) and hybrids released by national progr@ammData
based on farm-level surveys and secondary sources are usegbrt-
erate productivity and other impact measures. The resutthicate
that pearl millet farmers adopted improved varieties basadearly
maturity, yield and profitability gains. Early maturingearl millet
cultivars have proven particularly desirable in droughtene regions
where food security is a severe problem. Lastly, this cleaptresents
an example of South-South research spillover, where redearod-
ucts developed at ICRISAT found applicability and adapitétly
across India and sub-Saharan Africa. The results highlitlet criti-
cal role that an international research institution such@RISAT has
in enabling research spillovers across national and coental
boundaries.
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Introduction

Pearl millet Pennisetum glaucum) is a highly drought-tolerant cereal crop
and an important food grain. It is generally grown as a radntrop on
marginal lands with few inputs and little management. Peaitlet pro-
vides food for millions of people living in the arid and searid regions
of the Indian subcontinent and Africa. It is grown as adfarop in tropi-
cal Africa and India, with most production concentratedSahelian west
Africa and northwestern India. These regions are charazeerby high
temperatures, short growing season, frequent droughd, sandy and infer-
tile soils. In addition to its use for food, pearl millet hasigh feed value
for poultry and is a good source of energy and nitrogen in nemt diets.

Accurate statistics on the area, production and produtyieif pearl
millet are not available, as pearl millet statistics aréewmfgrouped with
other minor millets. According to Dendy (1995), pearl hetlaccounts
for only 3.5% ofworld cereals area and about 1% ofthe totakalepro-
duction. However, it is an extremely important crop in thédaand
semi-arid zones, where it is difficult to grow other crop$arinarayana
et al. (1999) reported that pearl millet is cultivated in over 3fuptries
of Asia and Africa on a total area of 24.2 million ha and prodan is
around 16.3 million t. Of this, nearly halfis in Asia, withdia account-
ing for 10.4 million ha, or 43% of the total world area. ICRISand FAO
(1996) provided information on total millet area, produntiand yield
and mentioned the proportion of pearl millet production obvat millet
production for the period 1992-1994. For the present studg have
compiled information on total millet area, production antklg from
FAO (1998) and reported annual averages for 1996-1998 ¢€T4Bl1).

In India, this crop is grown in the drier areas of the centratla
western regions. Five states (Rajasthan, Maharash@uajarat, Uttar
Pradesh and Haryana) account for nearly 90% of the natioeatlpmil-
let area. Western Africa accounts for nearly 45% of worlampemillet
area. The crop is grown in 17 countries in this region, bwg tountries
(Niger, Nigeria, Burkina Faso, Mali and Senegal) accowrtrfearly 90%
of the total cultivated area in the region.

Pearl millet grain yields are low, largely because of theslhaenvi-
ronments in which it is grown and also because farmers do neest
in purchased inputs. Yields range from over 1 t*hin some countries
to as little as 240 kg hh in Botswana and Namibia (Table 10.1).

Generally, yield growth has been poor, and productionremases
have come largely through area expansion rather than higheduc-
tivity. However, pearl millet area in India is steadily deasing (Kelly
and Parthasarathy Rao, 1993). Since 1960-1965 aboutmOlBon ha
have gone out of pearl millet cultivation, particularly irujarat, Uttar
Pradesh, Haryana, Tamil Nadu, Andhra Pradesh and Punjab.
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Table 10.1. Area, production and productivity of millet in Asia and Africa.

1996-1998.
Grain % share of pearl

Area Production yield millet to total
Country (10°% ha) (10°% 1) (kg ha') millet production®
A Asia
1 India 13,433.3 10.713.0 797 58
2 Myanmar 224.2 149.5 667 85
3 Pakistan 407.6 189.4 466 97
4 Yemen 97.7 59.6 604 100
Subtotal 14, 162.8 11,111.5 784
B. Western Africa
5 Benin 36.9 28.3 766 100
6 Burkina Faso 1,203.1 673.0 557 99
7 Cote d' lvoire 92.7 63.6 686 85
8 Cameroon 70.0 70.9 1,013 100
9 Central African Republic 11.3 11.3 1,000 87
10 Chad 697.3 290.5 414 100
11 Gambia 67.5 64.6 968 97
12 Ghana 170.1 166.3 980 100
13 Guinea 10.5 8.1 775 95
14 Guinea-Bissau 29.6 26.4 890 100
15 Mali 1,052.3 747.7 725 95
16 Mauritania 18.6 3.7 181 100
17 Niger 5,200.0 1,752.7 337 100
18 Nigeria 5.447.3 5.836.3 1,071 98
19 Senegal 871.4 484.8 553 100
20 Sierra Leone 24.0 19.6 818 100
21 Togo 100.1 48.5 485 100
Subtotal 15,102.7 10,296.3 682
C. Southern and Eastern Africa®
22 Angola 184.6 84.3 453 80
23 Botswana 8.3 2.3 264 100
24  Malawi 37.5 18.6 497 40
25 Mozambique 92.8 46.4 499 80
26 Namibia 268.8 66.2 240 100
27 Sudan 2,465.8 736.7 294 100
28 Tanzania 311.2 287.3 894 70
29 Zambia 79.0 59.4 751 40
30 Zimbabwe 260.7 94.4 356 70
Subtotal 3.708.7 1,395.6 376
Total® 32,974.2  22,803.4 692

2Percentage share of pearl millet to total millet production is taken from ICRISAT/FAO

(1996) and relates to 1992-94.

®Kenya (1400 t) and Ethiopia (5000 t) are also reported to be producing pearl millet

(Harinarayana et al., 1999).

°In addition, pearl millet is grown on limited areas in Australia, Korea and USA (estimated

around 1 million ha) for forage (Harinarayana et al., 1999).
Source: FAO Statistical Data Base (1998).
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Research Methodology

This study draws on a three-pronged approach (Fig. lthityrack usage
of pearl millet parental lines. First, ICRISAT records pided data on
the distribution of elite materials, hybrid parents andeesled open-pol-
linated varieties (OPVs) from the ICRISAT breeding progmam to
NARS seed multiplication agencies (public or private)hi§ analysis
was carried out for the period 1986-1998. Second, qu&stadres were
sent to 160 companies dealing with sorghum and pearl miléstds A
total of 49 companies (of which 37 dealt with pearl milletspended.
They provided information on the nature, extent and im@aode of
ICRISAT breeding materials in their breeding and seed prddan pro-
grammes. Third, on-farm surveys were carried out in In¢li&a83 farm-
ers), Mali (345 farmers), Namibia and Zimbabwe. Inforioat was
gathered on adoption of different pearl millet cultivafarm and farmer
characteristics, farmer preferences for specific traitsthe improved
cultivars, and constraints to the cultivation of improvedrieties.

In India, a total of 1683 farmers from 154 villages in fiveasds,
namely Maharashtra (360 farmers), Rajasthan (331), Gatjagr19),
Haryana (237) and Tamil Nadu (336) were selected. Impropear| mil-
let cultivars were categorized into five groups: ICRISAT lwuars,

Approach 1 : Approach 2: Approach 3:
Data on distribution of Records and survey Reconnaissance
breeder seed from data from private and surveys
ICRISAT public seed companies
a’/ﬁ\\
[ HYV |
S
: ICRISAT
" Breeder seed
)‘/ b
Public/private By variety
‘seed companies
Certified
Seed .
« Production Farm-level
* Market adoption
« Carry over A
« Distribution Fy

Sites
; % Area
| Farmers i Farmers[ Farmers |
/ N =
~
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Fig. 10.1. Three approaches to track the adoption and impact of investments in
pearl millet research at ICRISAT.
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NARS-Public sector cultivars with ICRISAT materials, Paite sector
cultivars with ICRISAT materials, NARS-Public sector civkrs without
ICRISAT materials and Private sector cultivars withoutRISAT mate-
rials. Some farmers were not able to name the variety whiely tdrew,
but were sure it was an improved cultivar. In such cases we lmaen-
tioned the cultivar as unidentified.

Human Resources Involved

Human resources involved in pearl millet genetic enhancetmesearch
in Asia and Africa are reported in Table 10.2. At ICRISAT, abéive mil-
let breeders are located in Asia and Africa. Fifteen otheiesasts,
including agronomists, crop physiologists, genetic res@s specialists,
entomologists, pathologists and social scientists areegating informa-
tion for effective use by the breeders. In India, about 158rpmillet sci-
entists in the public and private sector are working on threp.
However, in African countries few scientists work on thi®og. Many are
devoted to more than one crop; often millet and sorghum arebdoed.

The Research Process
Pre-breeding research

Collection, characterization and maintenance of lanésa@re essential
for crop improvement, and these activities have been & tpigority at

ICRISAT. As of December 1999, 21,392 pearl millet germphasccessions
from 50 countries conserved at ICRISAT. After collectiondaassembly,
ICRISAT and its NARS partners conduct evaluation trialsidentify the

useful traits available in the assembled germplasm. Thfsrimation has
been disseminated to researchers worldwide through repgournal

papers and other fora. In response to requests from useRISKT has

distributed 94,818 pearl millet germplasm samples to 74ntaas: 69%

were distributed to Asia, 27% to Africa, and 4% to other caoetits

(Genetic Resources Unit, ICRISAT, 1999, personal comination).

ICRISAT's evolving focus

Research at ICRISAT began in 1972 with greater emphasispgpliad
rather than basic research. The focus was on grain yield aowng
mildew resistance and exploratory research on ergot, smag rust
resistance and drought tolerance. Equal emphasis was givethe
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Table 10.2. Number of pearl millet scientists in different countries (1999 or
latest year).

Reference
Country year BSc MSc PhD Total
Eastern and Central Africa*
Burundi 1998 1 2 3
Eritrea 1998 4 1 5
Ethiopia 1998 15 26 9 50
Kenya 1998 4 14 18
Rwanda 1998 3 3
Sudan 1998 1 7 20 28
Uganda 1998 4 2 6
Southern Africa*
Angola 1999 2
Botswana 1999 1 1 2 4
Lesotho 1999 1 1
Malawi 1999 1 2 3
Mozambique 1999 2 3
Namibia 1999 1 2
Swaziland 1999 1 1
Tanzania 1999 1 3 6
Zambia 1999 3 4
Zimbabwe 1999 1 2 2 5
West Africa
Benin 1991 2
Burkina Faso 1991 13
Cameroon 1991 5
Chad 1991 4
Cote d'lvoire 1991 4
Gambia 1991 4
Ghana 1991 5
Guinea Bissau 1991 19
Mali 1991 10
Mauritania 1991 4
Niger 1991 17
Nigeria 1991 6+11
Senegal 1991 4
Asia
India 1998 150

Note: *Scientists working in Eastern and Central Africa, and southern Africa are involved in
both sorghum and millet research.

Source: For Asia and southern Africa, ICRISAT Impact Monitoring Survey, 1998-2000;
For Eastern and Central Africa, Association for strengthening agricultural research
in Eastern and Central Africa, ASARECA (1998):
For West Africa, Anand Kumar (1993).
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development of finished products (cultivars) and improvededing
materials/parental lines. Development of improved brimgd and
screening methodologies was an integral part of appliecaesh (Rai
and Hash, 1994).

In the 1970s, breeding of open-pollinated varieties (ORMUsather
than hybrids, was emphasized. This was because ICRISAT hadna
parative advantage over NARS, in terms of conducting lasgale inter-
population improvement programmes across multiple loxas. The
Indian NARS had weak or no programmes in OPV breeding in the
1970s. Population breeding products (i.e. improved coniess open-
pollinated varieties, early-generation progenies) weeecgived to have
the additional advantage of strengthening NARS hybrid paomgmes by
providing improved germplasm for deriving hybrid parentsdian
NARS had adequate capacities to develop male-sterile litbsnce
ICRISAT devoted itself to producing restorers, and took talensterile
lines breeding at a formal project level in the late 1970s.

Since the early 1980s, there has been a considerable imgpment
in the research capability of NARS in pearl millet researeBpecially
in the Indian subcontinent. This has led to a reordering &RIEAT's
priorities. There was a shift in emphasis towards strategisearch fol-
lowed by continued emphasis on grain yield and downy mildesig-
tance. Almost all efforts were directed towards the deypah@nt of
improved breeding materials/parental lines (except forea experi-
mental varieties developed in partnership with NARS). Spkeffort
was made to further refine breeding and screening meothoglies,
including the application of biotechnology, and relatiyefreater
emphasis than in the past on escaping drought through eaatynity
(Rai and Hash, 1994).

Breeding for resistance to biotic and abiotic stresses $edumainly
on downy mildew resistance, There was very limited researghergot,
smut and rust diseases (Hash, 1997). In India, downy mildaw been
the major constraint to production since the 1960s, skoafter hybrids
were widely introduced. Since then it has been a major medeéocus
by both ICRISAT and the national programme (Nene and Singh761
Dave, 1987; Rai and Singh, 1987; Shetty, 1987; Sieghl., 1987, 1993).
Hash (1997) reviewed the history of downy mildew researchonf the
published records and from the personal experience iditialf D.J.
Andrews and Hugh Doggett, it was clear that West African gglasm
provided the best sources of genetic diversity for two magji@id com-
ponents (large head volume, large seed size) and high deotfesis-
tance to downy mildew and smut. ICRISAT breeders were swfaésn
incorporating downy mildew resistance genes in new cultsvahat
have allowed this very serious threat to be brought undertrodnin
India - at least for the time being (Hash, 1997).
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Breeding for drought resistance received less prioritgdiese of the
complex nature of the trait and difficulty in assessing theeat of
genetic variation for drought resistance, and non-avaligb of a sim-
ple and reliable screening procedure. Another reason was phoducts
arising from a drought-resistance breeding programmereg site were
not easily applicable to other drought environments.

In short, in the 1970s the emphasis was on breeding OPVshén t
1980s the emphasis shifted towards hybrid parents. In th@04, the
focus was on upstream research in addition to the producbiforestor-
ers and male-sterile lines, including the development oflecalar
marker-assisted products.

In the 1990s, ICRISAT made explicit the delineation of e&search
domains defined in Table 10.3.

Research Products
Intermediate products

ICRISAT has provided parent material to public and privatertpers
since its inception. These include seed parents, i.e. AfRdias well
as pollen parents, i.e. R-lines. A list of varieties/hylsriftom ICRISAT
parent materials entered into the All India Coordinated Idil
Improvement Project (AICMIP) advanced trials is given iable 10.4.

Table 10.5 lists the quantities of pearl millet breeder séestrib-
uted by ICRISAT to public and private seed multiplicatiogeacies in
India during the period 1987-1998. This supply has been wrsal,
with trends showing an increasing number of requests. Table5
reflects the relatively higher proportion that is suppliedthe private
sector; for hybrid parents as well as OPVs. Among hybridemas, 81A,
81B, 841A, 841B, 843A and 843B are the most frequently retptgsand
therefore supplied, to research agencies, both public amvdape. The
small amounts of hybrid parents, 834A and 834B, that werepsieg
during 1991-1995 were received by the private sector. Thkimes of
841A and 843A supplied in recent years have been increagieglac-
ing 81A and 81B, which dominated earlier. It is noteworthyat the
quantity required remains high, but the responsibility faoduction
and supply of breeder seed of 81A and 81B was turned over tdipu
sector seed corporations in India in 1995.

Table 10.6 shows the extent of distribution of germplasmes in
southern African countries through the SADC/ICRISAT Sough and
Millet Improvement Programme (SMIP), coordinated by ICRTS
About 40,000 pearl millet germplasm lines were distribditem eight
southern African countries, notably Zimbabwe, Malawi andt8vana.
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Table 10.4.

List of varieties/hybrids entered into the AICMIP advanced trials from

ICRISAT parent materials.

Year of

first entry Varieties

Hybrids

1978/79
1985/86

1986/87

1987/88

1988/89

1991/92

1992/93

1993/94

1994/95

1996/97

ICMS 8010, 8283, 8253,
DPBP 851, ICMV 83104,
87402, 84108, 87901,
ICMV-F84400, RCB-IC 861,
DPBP-IC 862, RCB-IC861,
RCB-IC 9

ICMV 85328, 86104, 86120,
87902, 88907, ICMP 88130

ICMV 87111, 88402. 88908,
88904, 87107, 89410, RCB-
IC 891, 892,901, 902, 911,
ECC 6

CzZ-1C 923, 922. 924, GICV
91123, 88921, 92191, PCB-
IC 148, RCB-IC 912, 926,
924, 925

AIMP 92901, GICKV 92474,
91773,92130, CZP-IC-315

RCB-IC 224, GICKV 93191,
93471,93752, 93771, ICMV
93842

ICH 154, 165, 105

ICMH 423, 451, 83729, 501, 83202,
82601, 83506, 83401, IARI 1, RHRBH
379, 372, 373, 348, HHB 50, 56, 59,
AHB 156, 163, PNBH 4

ICH 451, HHB 57, 60, 61, 62,63,
ICMH 8370, 84122, 84913, RHRBH
8601, 8602, 8603, 8604, GHB 184,
AHB 212, 251, 502

IARI 1, ICMH 85109, 85231, 86217,
87004, RHB 33, 34, 35, 22, 24, 27,
28, 30, RHRBI 8605+B16, 8607, HHB
64,61, 68, PNBH 6, AHB 615, 619,
623, GHB 179, 181, 205, ICMP 451

ICMH 87003, 87004, 88088, 85118,
87353, 88951, PHB 122. RHRBH 122,
RHRBH 8701, 8702, RHB 50, 54, 58
PUSA 23, HHB 67, 90, 92, ICMH
88735, 89998, 89024, 90952, AHB
838, 840, 919, 1068, 1203, GHB 228.
235. 263, 314, RHB 57, 85, 86, 87, 89,
90, 91, 92, 93, 94, PNBH 11, 14, PHB
133, 136, CZH 859-1

HHB 88, 94, 95, 96, 99, 100, CZH
848, PUSA 350, PHB 138, RHB 95,
96, 97, ICMH 91205, AHB 1073,

GHB 274, PNBH 17, IBH 5527, 5534
PUSA 620, 613, 605, 623, PNBH 18,
19, 20, 22, 23, 25, RHB 98, 99, 100,
101, PHB 141, CZH 921. 922, DBDH
1, HHB 69, 105, 106, 107, 108

ICMH-356, PUSA 322

Source: Bantilan and Deb (2000) prepared from All India Coordinated Millet Improvement
Progress Report.
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Table 10.6. Number of pearl millet germplasm
lines distributed to the SADC countries.

Country No. of lines distributed
Angola 97
Botswana 3,000
Lesotho -
Malawi 5,000
Mozambique 200
Namibia -
South Africa 100
Swaziland -
Tanzania 6,000
Zambia 1,200
Zimbabwe 24,000
Total 39,597

Source: SMIP (1999).

In addition to the information gathered from breeder seeabrds,
we also surveyed private companies in India under a studntjpi
undertaken by ICRISAT and Rutgers University to discoviee tuse of
ICR1SAT breeding materials by the seed sector in IndiasRts of the
survey are provided in Tables 10.7 and 10.8. Thirty-sevemganies
involved in pearl millet production responded to the surwpyestion-
naire. Ofthese 37 companies, 34 are using ICRISAT breediatemals
in their programme. About two-thirds use ICRISAT materialigectly
as hybrid parents, parents in crossing and for selectiong-Quarter of
the companies are directly producing ICRISAT varieties lfea10.7).
More than half of these companies feel that ICRISAT conttésumore
than 50% of their material in their breeding programme (®ahkD.8).
In terms of the level of importance of breeding materialsadbéd from

Table 10.7. Use of ICRISAT breeding material in the private sector
research programme.

Mode of using Number of

ICRISAT breeding material companies Percentage
By selection from ICRISAT material 24 71

As parents in crossing 22 65
Used directly as parents of hybrids 20 59
Used directly as varieties 8 24

Note: Total number of companies using ICRISAT breeding material = 34.
Source: ICRISAT-Rutgers University Study.
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Table 10.8. Contribution of ICRISAT pearl millet breeding

material.

Percentage contribution Number of
from ICRISAT companies
Directly released from ICRISAT (100%) 9
76-99%

51-75% 4
26-50% 16

Up to 25% 5

No contribution from ICRISAT

Details not provided 19

Note: Total number of cultivars released/developed/sold by these
companies is 63.
Source: ICRISAT-Rutgers University Study.

different sources, out of 35 companies which respondedm2&tioned
ICRISAT as a very important source while six others mentidrneas
one important source.

Varietal production

ICRISAT has also developed OPVs and hybrids. In 1982., GR1$AT-
bred, downy mildew resistant, open-pollinated varietyCMZ75. pro-
duced grain and stover yields equal to the best availalylerild at that
time (BJ 104) and was released in India. This variety pdevi a timely
alternative to the susceptible BJ 104, and to low-vieldiogal lan-
draces. The rapid multiplication of VVC-C75 and its adoptilby farm-
ers helped to prevent a decline in pearl millet productitm.1986, an
ICRISAT downy mildew resistant hybrid, ICMH 451 (also knovas MH
179) was released. It outyielded all other varieties antdrids released
earlier, and its seed production was relatively easy anditaine.

Table 10.9 shows the temporal distribution of pearl miltettivar
releases by origin in different countries. The average hamof released
varieties per annum has increased over time, especialljntia. In
southern Africa, most releases came only after the SADCIS2R SMIP
was launched in 1983.

Released cultivars, according to their pedigrees, amesgified as
ICRISAT cross, ICRISAT parent and ICRISAT network (i.e.l@duars
developed by national programme or germplasm materialesased as
superior varieties through ICRISAT network trials), Tkeewas no release
based on ICRISAT material prior to 1982. Out of 49 releaseslgwide in
the 1980s, 23 releases were of ICRISAT origin; out of 59 reésain the
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1990s, 52 were of ICRISAT origin. Two points can be notedstipartic-
ularly in Africa, many of the released varieties were deeyped by
ICRISAT. Second, as NARS breeding programmes grew steong India,
ICRISAT parents (rather than finished material) grew moreémportance.

Adoption of Improved Cultivars

Adoption rates of improved pearl millet cultivars in diféat countries
are provided in Table 10.10. Inter-country comparison obpdon
shows that adoption rates vary from 5% to 65%. In India, tdepdion
rate is 65% and in Namibia, it is nearly 50%. Adoption rates around
20-30% in Zambia, Mali, Zimbabwe and Botswana.

Figure 10.2 shows adoption trends in different districtsindia for
the period 1966-1994, based on district-level data obtdifrem pub-
lished sources. Adoption of improved pearl millet cultivars has increased
significantly over time, starting from very low adoptionvlds in the late
1960s. In 1992-1994, adoption was over 80% in most distriicts
Maharashtra (central India), Gujarat (western India) aremil Nadu
(southern India). About 40 districts of India had attainedrenthan 80%
adoption rates. Increasing adoption over time was influed by the
development of downy mildew-resistant varieties at 4- tpe&r intervals.
Widespread adoption has led to major yield gains, as diseddater.

Indian farmers were asked to rank the traits they liked in the
improved cultivars they are growing. High grain yield ramkfirst in all
states, while high fodder yield ranked second in Maharashtaryana
and Gujarat (Table 10.11). Other farmer-preferred traitesre short dura-
tion, disease (downy mildew) resistance, drought resiséa good taste
and large grain size (Bantilaet al., 1999a,b). Tamil Nadu farmers cited
18 different factors that influenced them to adopt improwadtivars,
but about 60% cited high yield, 10% cited resistance to dhduand 9%
cited seed availability (Ramasamst al., 1999).

Adoption of improved cultivars in three regions in Mali rof®m
12% in 1990 to 23% in 1995 (Yamt al., 1998). Across the three study
regions in Mali, the main reasons for adoption of new miNarieties
are earliness (91%), productivity (72%) and food quali8%). These
reasons vary in order of importance in the three regionshaps due to
rainfall differences.

About 50% of the total pearl millet area in Namibia is underon
pearl millet variety, Okashana 1, developed by ICRISAT lfRmach et
al., 1999). Reasons for the high adoption were: (i) strong stasice from
an international research centre such as ICRISAT; (ii) elasllabora-
tion of researchers with farmers; and (iii) complementanyeastments
in seed production.
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u“' .l
! \
Slate boundary

Country boundary
Pearl millet adoption (%)

Fig. 10.2. Rate of adoption (%) of improved pearl millet cultivars in India.

In brief, reasons for high adoption of improved pearl miléaltivars
are: high yield, short duration, reduced farmer risk doeetirly matu-
rity and downy mildew resistance (India), and availability seeds
through private and public seed sector.
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Table 10.11. Traits of improved pearl millet cultivars liked by farmers of selected
states of India.

Ranks provided by the farmers of

Traits Maharashtra Rajasthan  Gujarat Haryana Tamil Nadu
Reference year 1994 1996 1995 1996 1994

Grain yield 1
Fodder yield

Short duration

N

Disease resistance

O Br W N R

Drought resistance

A OOW N R

Better taste

o N w o N D R

a AN W

Bold grain size

Source: Bantilan etal. (1999a,b, 2000a,b) and Ramasamy et al. (1999).

Constraints to adoption as reported by farmers

Indian farmers were asked to cite and rank the constrainey tflace in
adopting improved pearl millet cultivars. The major corastits were
non-availability of seed, low fodder yield of existing civars, lack of
awareness, high water requirement for improved cultivgreor exten-
sion service, and poor grain and fodder quality (Bantilen al.,
1999a,b).

The most significant constraints to adoption cited by Mainfiers
are lack of information about the existence of new varieti€8%). lack
of seed (33%) and poor soil (26%) (Yapi al., 1998). Lack of informa-
tion and seed are the most important constraints in all themgons,
while poor soil is only a problem in Mopti. In Segou, thereaistrong
preference for local varieties. The need for fertilizerthe most impor-
tant constraint in Koulikoro.

Dimensions of Impacts
Improvement in efficiency in NARS research

As already noted, progress in the release of new varietissihareased
significantly as a result of ICRISAT support to NARS. Use GRISAT-
developed material that can be tested by NARS has reducedareb
lags - for example, the variety Okashana 1. earlier devedoped tested
by ICRISAT in India, underwent only 3 years of adaptive tegtbefore
being released in Namibia, thus greatly reducing the timd arpense



234 M.C.S. Bantilan and U.K. Deb

of developing a new variety from scratch. Another majoctéa in
improving NARS research efficiency has been large-scakdning and
capacity building efforts by ICRISAT. For example, in gbern Africa,
which lacked trained research staff, over 650 scientigtg technicians
have undergone training programmes or received scholigsstor
higher education.

Impacts on yield

District-level yields data for 1992-1994 and 1966-1968nir@38 districts

in India were compared in order to estimate the impacts ohdyi¥ield
has increased in almost all the districts. For example,hin late 1960s,
most districts of Maharashtra and Gujarat recorded yielks Ithan 500
kg ha® and slightly higher than 500 kg in Tamil Nadu and Haryana.
However, in the 1990s, this had increased by 500-1000 k§ imaGujarat,
Maharashtra and Haryana (Table 10.12). Yield increasestheseen par-
ticularly large in some districts where adoption levels high.

Results of farm surveys show that in all Indian states, rioved cul-
tivars give higher grain and fodder yields than local véies. The per-
centage increase is higher for grain yield than for foddieldy

Adoption of new millet varieties in Mali increased pearl heit
yields from 570 kg ha with the best local variety to 930 kg Hafor
improved varieties (Yapkt al.,, 1998). These yields are consistent with
those found in previous studies. Shetyal. (1991) noted that, in Mali
millet, yields vary from 300 kg ha in the Sahelian zone to 700 kg fia
in the zone with most rainfall in the south, compared with-sdation
yields of 1500-2000 kg h& On-farm yield estimates by Yapét al.
(1998) seem consistent with these data. With productiorhase levels,
farmers are able to feed their families and have surplusngraimarket.
Growing improved varieties assures food security and redgupgroduc-
tion risks linked to late season drought (Yaatial., 1998).

Table 10.12. Impact of improved pearl millet cultivars on pearl millet yield in
different states of India, 1971-1994.

Yield gain (%)

Average vyield level (kg ha™?) compared to 1971-74
State 1972-74 1981-83 1992-94 1981-83 1992-94
Gujarat 641 1380 1534 115 139
Haryana 578 725 1309 25 126
Rajasthan 265 373 557 41 110

Source: Deb et al. (2000).
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Impacts on cost of production and farm profit

Results from cost of cultivation data showed that the averagst of

pearl millet production per tonne, in 1992-1994 comparedthwi
1972-1974, has declined by 35%, 42% and 59% in GujaratyHBma

and Rajasthan in India, respectively (Table 10.13). Faewel surveys
in India showed that improved cultivars have more than 40wdr

costs of production estimated on a full-cost basis (Tallel4).

Yapi etal., (1998) reported that improved varieties reduced produrcti
costs in Mali by 38% (US$381). compared with local millet varieties.
The absolute production cost per hectare was higher for omgd vari-
eties because of additional inputs, but the higher prodawtistill pro-
vided economies. Improved cultivars have increased farafitpin Mali
by 63%. The net income of Indian farmers, computed on aaldei cost
basis, increased by up to five times (Table 10.14).

Returns on research

Several studies have estimated the returns from pearl mideearch in
Mali. Namibia and Zimbabwe. Considering research and mesit@n costs,
the net present value of benefits from research on improvadeties of
millet in Mali was estimated at US$25 million, represemtian internal
rate of return (IRR) of 50% (Yapét al., 1998). Internal rates of return for
pearl millet research in Zimbabwe from SDMV 89004 were estied at
44%. Farm-level studies in Namibia showed that the interate of return
to pearl millet research was 50%, with a net present valuRV{Nof this
research of more than US$10 million in 1998 (Rohrbathal., 1999).

Spillover impacts

An important objective of international agricultural r@seh institutions
is to determine the extent to which research undertaken atlooation

Table 10.13. Impact of improved pearl millet cultivars on cost of production of
pearl millet in India, 1971-1995.

Cost reduction (%)

Average cost (Rs t'h) compared to 1972-74
State 1972-74 1981-83 1992-94 1981-83 1992-94
Gujarat 3814 2665 2464 30 35
Haryana 4277 2881 2488 33 42

Rajasthan 3898 1676 1593 57 59
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may impact on other regions of interest. ICRISAT has, as lacpp dis-
tributed a wide range of parental materials to breeding paagmes in
the NARS and private seed industries throughout the semi-appics.
This has contributed to enhanced technology spillover. &oample,
ICMV 221, Okashana 1 and WC-C75 were originally bred foritndut
ICMV 221 was also released in Kenya and Uganda.

An open-pollinated variety (ICTP 8203), developed at IGRT-
India from Togo populations; was introduced to Namibianniars
through the SADC/ICRISAT Sorghum and Millet Improvement
Programme (SMIP) and the efforts of the Rossing Foundationir
1986/87 and 1987/88 along with a total of 50 varieties on destiation
trial. Farmers liked this variety when they saw it in the demtation
field. In 1989, the Rossing Foundation distributed largeantities of
seed of ICTP 8203 under the name of Okashana 1. Okashana 1 now
occupies about 50% ofthe pearl millet area in Namibia (Rabhbet al.,
1999). Okashana 1 (ICMV 88908) was released in Malawi, Ndaaiand
Botswana. In Zimbabwe, private seed companies produce macket
Okashana 1, though it is yet to be formally released.

Similarly, WC-C75 was released in Zambia. Kaufela was depeH
for Zambia but also released in Botswana, Tanzania and Mbzaue.
Okoa and Shibe were originally selected for Zimbabwe but ®kas
also released in Botswana and Shibe in Tanzania (ICRISAB61p. 30;
Monyo, 1998). These indicate that the genetic material usedhe
development of these cultivars has wide adaptation, satgg that
there are important spillovers from ICRISAT genetic enhament
research in pearl millet.

Conclusions

This chapter documents the benefits generated from genetitance-
ment research in pearl millet in sub-Saharan Africa andaAdihe pearl
millet breeding programme at ICRISAT, in partnership witlARIS, has
released 75 new varieties and hybrids during 1981—1998.138R had
also developed hybrid parents and supplied materials tgutslic- and
private-sector partners throughout India and Africa. Dugril981-1998,
all released cultivars in the study countries (except Indimere
ICRISAT-derived (either ICRISAT bred, or developed fromRIGAT par-
ents or obtained through ICRISAT networks). The increasedhichance
of ICRISAT parent-material-based releases indicates theadrtance of
ICRISAT's role in the development of parent materials antieotinter-
mediate breeding products. The availability of high qualiCRISAT-
developed parental materials and their use by private ardipwsector
pearl millet breeders have substantially shortened theaesh and
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development time and resulted in increased efficiency oR$Abreed-
ing programmes. Among the improved cultivars adopted amnfers'
fields, a significant proportion are ICRISAT-bred or bdsen ICRISAT
materials. Adoption of private-sector cultivars with ICGNT parentage
is also increasing.

ICRISAT research has helped to increase yield, reduce pcbidn
costs, and improve the efficiency of breeding programmemtighout
the world. Countries with less well-endowed research Iftes, espe-
cially in Africa, have benefited most from ICRISAT-brediltivars and
through research spillovers.
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