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ABSTRACT

This work reviews the problemsin pearl millet production and breeding
and its prospects. Pearl millet is a staple for millions of people in arid
and semi-arid ecologies around theworld especially in northern Nigeria.
The crop hasa potential of becoming an important component of intensive
agriculture because it responds well to management inputs. However,
improvements in certain traits of pearl millet need to be undertaken if
high yields are to be attained. Considering also its hardiness and genetic
enhancement prospects, the crop hasthe potential of becoming important
components of intensive agriculture especial in Nigeria. Breeding work
on the various aspects of this crop and sustained cultivation need to be
encouraged.
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INTRODUCTION
Pearl millet (PennisetumglaucumL. R. Br.) known asbajrain Hindu or 'yadi' in
Marghi language of north eastern Nigeriaisthemost important and probably having
the greatest potential amongthemillet varieties. Itisarobust, quick growing cered
grasswith large stemsand leaveswhich aretall and vigorous, with exceptional
grainand fodder yielding potentials. It isone of the most important dual purpose
crop, and astaplefood for millionsof peopleinarid and semi-arid ecol ogiesaround
theworld according to Chopra (2001). Pearl millet isthe sixth most important
cered annually cultivated asrainfed cropin arid and semi-arid areas of Africaand
the Indian sub-continent (Khairawal, Rai, Andrew and Harrnarayana, 1999; FAO,
2007). Itisgrowninover 40 countriespredominantly inAfricaand Asaasastaple
food grain and source of feed and fodder, fuel and construction materia (FAO,
2007). Thecropiswell adapted to some extent to growing areas characterized by
drought, low fertility and hightemperatures. It could relatively perform better on
soilswithhigh sdinity or low pH va ues. Because of itstoleranceto difficult growing
conditions, it can be grown where other cereal s such asmaize or wheat would not
survive. Pearl millet respondswell to management inputs, thereforeit hashigh
potentia of becoming animportant component of intensiveagricultureespecidly in
arid and semi-arid regions (1zge, 2006). Indiaaccording to | CRISAT report of
2011, isthe largest producer of pearl millet in Asia, both in terms of areaand
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production with an average productivity of 930kg/ha. However, yields of pearl
millet have over theyears decreased. Pearl millet breeding in West and Central
AfricaandindeedinNigeriahasconcentrated on the devel opment of open-pollinated
varieties. Hybridsin Nigeriaand elsewhere arelikely to have at least 25-30 %
grainyield advantagesover OPV sand henceanew herculean and costly initiative
have been put in place by individuals and Lake Chad Research Institutes in
Maiduguri, Nigeriathat hasanational pearl millet research mandateto develop
hybridsadapted to drier regions. Twenty-five OPV's, devel oped and rel eased by
|CRISAT have been adopted by farmersin nine countriesin theWest and Central
Africanregionsincluding Nigeria. Themost popul ar varietieslike SOSAT-C88
and GB 8735 for example have been released in Nigeriafor many years back.
Limited seed production and distribution hasin addition to research progressbeen
amajor bottleneck and has sl owed the spread of improved cultivarsin theregion.
Within thelast two decades, Nigeria has becomeincreasingly important inthe
production of pearl millet evenwith thenumerousproblemsinvolvedinitscultivation.
Nigeriahas moved from thethird to the present second largest producer inthe
world (Aminu, Ajayi, Ikwelleand Anaso, 1998).

Pearl milletimprovement programmein Nigeriaisconcerned with higher
yield for human food and thiswill likely play amajor rolein easing theworld food
shortage as population skyrockets. 1zge (2006) reports that the purpose for
expanding pearl millet productionin Nigeriahasactually been deliberateto meet
the growing demand for food whichincidentally dependson the success of research
in pearl millet cultivation and hybrid improvement programmes. Pear| millet
production ishampered by numerous problemsand assuch thereisaneed tofind
waysof improving itsproductivity. I zge, Abubakar Echekwu (2005) havereported
high potentia sfor making progressin the salection of traitsin pearl millet towards
higher grainyieldsbecause of higher genotypic variability existing among theland
races. Thework reviewsthe uses, constraints and the prospects of pearl millet
production and breeding researchin Nigeria

Usesof Pear| Millet: Nigeriausesmillionsof tonesof pearl millet asstaplefood
inmany homes, especialy among thepoor predominantly inNorthern Nigeria(FAO,
2007). Itisalso usedin making apopular fried cakeknown as"masa”. Itsflour is
also usedin preparing "tuwo" athick binding paste, a'soreferredto as"toh" in
northernAfrica. It contains 18% protein, richinvitamin B especidly niacin, B6 and
folicacid. Itisfitted for flat bread especidly becauseit lacksgluten. Itisanimportant
food acrossthe Sahd. Itisparticularly themain staplein alargeregion of northern
Nigeria, Niger, Mdi and BurkinaFaso. Itisoften groundintoflour, rolledintolarge
balls, parboiled, liquefied into awatery paste using fermented milk and then
consumed as a beverage. Thisbeverage called "fura” in Hausaor "tukura” in
Marghi languageisapopular drink in northern Nigeriaand southern Niger. Pearl
millet isan excellent forage crop because of itslow hydrocyanic content. Thegreen
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fodder isrichin protein, calcium, phosphorusand other mineralswith oxaic acids
insafelimits. Itismoredigestiblewhen fed green to animal srather than chaffed
straw (Chopra, 2001). Theglumesand pericarp "dusa” arealso usedin preparing
feedsfor livestock including poultry. Thestalksare used in making mulchesand as
fuel woods. Peoplewith celiac diseases can replace certain gluten containing cereal
intheir dietswith pearl millet.Pearl millet hassignificant potential asfeed and food
grainin additiontoitscurrent use asforage. The agri-tourism and recreational
wildlifeindustriesarefinding superior resultsfrom using pearl millet inrationsfor
bobwhite quail production (Savage 1995), and for supplemental feeding. It also
seemsto be an excellent feed for other birds, including dove, turkey, song-birds,
ducks, and swine. The largeimmigrant population from Africaand the Indian
subcontinent where pearl milletisastaplefood ensuresasteady demandintheUS
intheforeseeablefuture. Being gluten-free, marketing opportunitiesfor thisgrain
asoexigsinthehedlth-food outlets.

Pearl milletiswell-adapted to regionswhere many numbersof broilersare
produced around theworld (Radcliffeet al., 2001). It isequal to or better than
typical maize-soybean poultry dietsfor broiler production and can befed at upto
10% of therationwithout grinding (Davis, Daeand Ferreira, 2003; Hidalgo, Davis,
Daeand Dozier, 2004), thusreducing feed processing costs. Pearl millet grainisat
par or even better than maizein poultry diets (French 1948; Singh and Barsaul
1976; Sharma, Sadagopan and Reddy, 1979). Broilersfed on pearl millet rations
were heavier and had better feed conversion rate than thosefed on maize (L1oyd
1964), and mixed maize and sorghum (Sullivan, Douglas, Bond and Andrews,
1990). Kumar, Reddy V., Reddy P. and Reddy R. (1991) studied feed efficiency
of laying hensand found increased egg size and better feed conversionwhen pearl
millet was substituted for maizeat 60 % by weight. Pearl millet grain contains27 %
to 32 % protein, higher concentration of essential amino acids, twicethe extract
(fat) and higher gross energy than maize (Ejeta, Hansen and Mertz, 1987; Davis,
Daeand Ferreira, 2003). Theenergy density of pearl millet grainisreatively high,
arising fromitshigher oil content relative to maize, wheat, or sorghum (Hill and
Hanna1990). Collinset al. (1997) note commercial layersgiven feed containing
pearl millet grain had lower Omega-6 to Omega-3 fatty acid ratio, endowing the
eggswith afatty acid profile more favorable to human health. Theamino acid
profileof pearl millet grainisbetter than that of normal sorghum or norma maize
andiscomparabletothoseof thesmall grainswhest, barley, and rice (Ejeta, Hansen
and Mertz, 1987) with alessdisparateleucine/isoleucineratio (Hoseney, Andrews
and Clark, 1987; Rooney and McDonough, 1987). Thelysine content of theprotein
reported in pearl millet grain ranges from 1.9 to 3.9g per 100g protein (Ejeta,
Hansen and Mertz, 1987). Pearl millet grain appearsto be generally free of any
mgor anti-nutritiona factors, such asthe condensed tanninsin sorghumgrain having
apigmented testa, which reducesprotein availability.
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Ethanol useasan additivein formulated gasolinewill increase. Wu, Wang,
Bean and Wilson (2006) observethat the rate of fermentation of pearl millet was
30 % greater than rate of fermentation of corn, and distillersdried grainswith
soluble (DDGS) crop products were higher in protein and fat. L ess ethanol is
produced from pearl millet fermentation, but because of itshigher protein content,
theyield and value of DDGSisgrester, resulting in higher economic returnfrom
pearl millet than from corn. Experimentsindicatethat pearl millet can supplement
maize and sorghum feed stocksfor fuel ethanol production (Hidalgo, Davis, Dde
and Dozier, 2004). Ethanol productionisapotential future market for thegrain,
sncefew fermentationfacilitiescurrently exist.

Challengesin Pear| Millet Breeding

Poor productivity for grainyield of unimproved cultivarsof pearl milletisrelated to

itslow harvest index; numerous biotic stressesincluding diseases, insect pest and

strigaand abiotic stressfactors such asheat drought and low soil fertility. Clearly all
these factors cannot be addressed with the same priority at any given time by
breeding. Therdativeimpactsof production constraintsonyieldlossarethe primary

criterioninresearch prioritization (Rai, Murty, Andrewsand Bramel-cox, 1999).

However, when it comesto genetic enhancementsthe probability of successcan

be affected by acomplex interplay of several factorssuch asavailability of genetic

resources, inheritance and stability of thetraitsdesired to beimproved, smplicity
and effectivenessof thescreening techniques, that is, reliability and cost effectiveness,
accessto test environmentsand availability of technical manpower and material
resourcesthat al so become determinant and sometimes of overriding importance.

Breeding for high and stablegrainyield with animproved harvest index continues

to bethetop priority inal millet programmesworldwide; thisisbecause according

to Chopra (2001):

I Impressivegrainyield through cultivar improvement especially in hybrids
have been madein the past and therearenoindicationsthat yield ceiling
have been reached.

i The available germplasm provides vast genetic variability for yield
componentsand adaptation traits of which only afraction evenfromthe
cultivated typeshave been utilized.

il Understanding of theinheritance of most of the charactershasbeen sufficient

for utilization.

V. Evaluation procedureslikeeffective use of visua assessment arerdatively
smpletouse.

V. Breeding for most of thosetraitsrequiresno specia environment.

Indrier andinareaswithmargina rainfall for example, drought isthe most
devadtating condtraintsthat can occur at any growth stagein pearl millet. Rai, Murty,
Andrewsand Bramel-cox, (1999) report that post flowering, that isto say, termind
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or end of season drought stress is of greater significance and is much better
understood than pre-flowering stressin pearl millet. For instancethe crop growth
that occursduring the post flowering period have been demonstrated to be the
most sensitiveto water deficits (M ahalakshmi and Bidnger, 1985). Theterminal
drought has been shown to reduce grainyield by 40 - 49 % with large variation
among genotypes (Fussdl, Bidinger and Bider 1991). Paniclethreshing percentage
under stress conditionisagood indicator of terminal drought tolerancein pearl
millet. Inconjunctionwith grainyield potentia and earliness, it accountsfor greater
than 80 % of the genotypic variationingrainyield under terminal drought stress

(Bidinger and Mahal akshmi, 1993). However, published information confirming

theexistence of adequatevariability for drought tolerance parametersand adequate

heritability of thetraits associated with drought tolerance are not in abundance.

Also, theeffectivenessof the screening techniquesavailablefor selecting thedrought

tolerance have not been demonstrated convincingly intermsof material selected

for superior drought performanceinadrought nursery at onelocation will perform
under drought stressin another location.

Pearl millet downy mildew caused by Sclerospora graminicolahasaso
been a serious problem to plant breeders even though; it presentsaclear contrast
to drought. Itsimpact to pearl millet production onaglobal context eventhough
secondary tothat of drought, however, itsepidemicson asingle-crosshybrid has
occurredinAfrica. Breeding for resistance of downy mildew therefore, has been
accorded highest priority asreported by Hash et al. (1997) and it istheintegral
part of themgority of the breeding programmesin Africabecause:

I A large number of resi stance sources (including elite breeding lines) have
beenidentified in diverse genetic backgrounds and effective screening
techniqueshave been developed (Singh et al., 1997); and

il. Inheritance of resi stanceisbetter understood with most of theevidencein
favour of resi stance being dominant and displaying continuousvariationin
segregating popul ations.

Over theyearsmany centersinthe National Agricultural Research Systemshave

initiated or stepped up their downy mildew resistance breeding activities (Chopra,

2001).

Genetic Resour cesand FutureProspectsfor Pear| Millet Breeding
Germplasm collection wasinitiated in Indiaby the Indian council of Agricultural
Research and Rockefeller foundation some years back. A world collection of
germplasmof different millet wasassembled and eva uated by thelndianAgricultural
Research Ingtitute New Delhi. Most linesfrom Africawerefound to be susceptible
torugt, smut and downy mildew. Allelesfor early flowering (55 days) werefoundin
East African collection and in somelinesfrom Ghana. L ate flowering types (80
days) or morewere observed in the West African material particularly from Mdli
and Senegal (Murty, Arunachalam and Saxena, 1967; House, 1980, 1985).
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Pearl millet germplasm eva uation hasidentified sourcesof increased grain
yield potential, cytoplasmic male sterility systems (Hanna, 1990, 1993), disease
resistanceto rust (Puccinia sp.) and Pyricularialeaf blast (Hannaand Burton,
1987; Wilson and Hanna, 1992) and apomixesin severa speciesandwildrelatives
(Hanna, 1995). Sourcesof res stanceto important diseases such asdowny mildew
(Schlerospora graminicola), Smut (Moeziomyces penicillariae) and ergot
(Clavicepsfusiformis) have a so beenidentified according to (Thakur and King,
1988; Singh, King and Werda, 1993). Through improved screening systemsin
pearl millet tolerance and resistance to witch weed (Striga hermonthica), head
miner (Heliochelusalbipunctella), stem borer (Coniestaingnefusalis) have been
identified.

Research shows that a greater impact may be made on pearl millet
productivity inAfricathrough hybrid cultivarsasoccurred earlier inIndiaand Nigeria
Houseet al. (1997) summarized yield trial result of severa studiesinAfricaand
show that generally, hybrid grain had yield advantages of 25 - 60% over OPVs. A
similar summary by Rai et al. (1997) showed that top crossand inter-popul ation
hybrid had a30 - 50% grain yield advantage over improved OPV's. Some of the
popular pearl millet OPVsincluded M2D2 and M9D3inMdi, Sounalll in Senegdl,
Sere3A nTanzania, Sere6A in Botswanaand Okashanal in Namibiaand SOSAT-
C88 and EX-BORNO in Nigeria. Most of these varietiesyielded only 10 - 20%
morethan the unimproved | ocal sand were not backed by adequate seed production
whichleadstotheir low coverage.

Pearl millet will continueto beanimportant grainfor farmersindry regions
of the semi-arid tropics of Asiaand Africasince suitable areas and government
policiesfor theexpansion of favored cereal ssuch asrice, whest, barley and maize
havedwindled. Therefore, pearl millet which hasexceptiond qualitiesfor growth
and adaptation to marginal environments hasthe potential of becoming amore
important crop for feeding thegrowing populationinthoseregionsinthe21s century.
Severd published reportson theinheritanceof downy mildew res stance summearized
by Hash et al. (1997) demonstrate downy mildew resistanceto be controlled by
oneor two dominant genes, whilelzge, Kadamsand Gungula (2007) reported it
to be controlled polygenicaly and by additiveand non additive geneeffect. Breeding
for resistance to disease of economic importance especially downy mildew will
contributeto productivity and stability of pearl millet grains, sover andforageyields.

Pearl millet hasahigher level of protein and better amino acid profilethan
sorghum. Thedigestibility of sorghum proteinisrelatively poor because cross-
linked prolaminelevelsarerdaively highinsorghumthanin pearl millet (Rai, Murty,
Andrewsand Bramel-cox, 1999). No high-lysinemutantshave been identified yet
inpearl millet study and hasshown that isshould be possibleto select for increased
protein without sacrificing grainyield (Kumar, Guptaand Andrews, 1993). Also
consderablepearl millet areaespecialy in Nigeriahashighly acidic soils(pH<5.0).
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Geneticvariability for hightoleranceto acid soil toxicity hasbeen observed
inpearl millet (than sorghum) (Clark, Flores, Gourley and Duncan, 1990; Flores,
Clark and Gourley, 1991). Breeding pearl millet cultivarswiththistolerancetrait
will not only boost theyield of thiscropinAfricabut pearl millet will beconsidered
apotentia cropfor thisregion. Pearl milletisaready finding aplacein other places
around theworld asacomponent of acid soil tolerant mulchinanotill soybean
production system (Uemura, Urben and Netto 1997). The area sown to pearl
milletisgrowing rapidly around theworld.

CONCLUSION

Unlikerice, whest, barley and maize which are used both for food and industrial
purposes pearl millet have so far remained atraditional food crop for subsistent
farmersin Nigeriaand many other dry regionsof Africaand Asia. Thecropisalso
asourceof excellent feed for livestock. Considering alsoitshardinessand genetic
enhancement prospects, the crop has the potential of becoming important
componentsof intensveagricultureespecid inNigeria Breedingwork onthevarious
aspectsof thiscrop and sustained cultivation need to be encouraged.
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