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Pearl millet (Pennisetum amencanum) i & stapie
cereal best adapied 1o the low fertshty soils and
frequently drought-prone semi-and tropics of Africa
and India 1t 15 grown on an esumated 27 milhon ha
1n these 1wo regions, with 56% of the production in
Africa (FAO 1985a) In Africa, major pear! millet
growing aress arc in West Afnica (83%) and the
Sudan (8%), 1n the Sahehan (300-600 mm annual
rainfall) and the Sudanian {600-900 mm) biochmatic
zones Of the 14 milhon ha grown in West Afnca,
Nigeria (28%) 15 the largest producer, followed by
Niger (229), and Mah ( 10%) The discussion in this
paper s confined to imphcauons for these principal
millet-growing regions of Afnca
Of all the regions of sub-Saharan Africa (SSA)
West Africa has shown the slowest growth rate for
(otal food production, mawnly due 10 the very low
production rate of the major staples sorghum and
mullet and the dechine in the groundnut cash crop
production (Spencer and Sivakumar 1987) The
small increase in total food production has been
almost exclusively due toncreases in culuvated arca
(Swindale 1985) The new land tends 1o be 1 poorer,
marginal cropping arcas This suggests technologic-
alchange has had hntle impact on food production in
B 1, and qullet p wn paruculas Early
descriptions (Dumas 1905) of millet farmung systems
in the region differ hitie from current farming
methods Pien (1985a) cues FAO staustics thatindi-
cate for Africa 1o meet its food needs n the year
2000, increased production will have to come from
increased yield per hectare (51%), rather than from
expanded cultivated areas (27%), or from more than
one crop per year on the same 18nd (22%)

Mullet 15 traditionally reserved for light sand\
low ferulity soils in areas where rainfall 1s low and
drought common Few yield-increasing nputs are
used Management stralegies using mainly hand
labor, are extensive rather than wniensive The crop
15 grown with low plant populations, normally n

of gramn from good 10 POOT YCATs.
Although Egharevba (1979), Nwasike et al (1982},

and Njolu and Mymdads (1985) have proposed
other imiting {actors, the authors consider the prin-
cipal facton hmiung mallet viclds 1o WASATtobe

wn order of pnonty (1) inherent low soi ferulny, (2)
Limited and untimely cultural pracuces, snd (3 the
frequent occurrence of drought penods The first
two factors are more hmiung than moisture 1» most
years 1n vears when ranfall is inadequate, water-use
efficiency and yields can be improved by inputs that
address these two factors The improvement of
mullet prod wall rely on g p
that these | while g yreld
stability and mainienance of improvement of the
production resource base Inputs by necessity, wil
have 10 be a1 ailable to the resource-poor farmer

Fertility Management of Millet
Production Systems

The poor feruhity of mullet soils 1n WASAT 1
principal hmitation to increased mullet yields Orga:
matter (OM), available phosphorous (P), total
trogen (N), and the cation exchange capscnty (CE
are all low (sec Table 4, Spencer and Sivakum
1987) Consistently low yields per hectare in {
region are indicative of this poor ferulny Tradsuc
ally, farmers have managed these poor souls, man
Entisols and Alfisols, by extended fallowing. T1
permits build up of available N, P, and OM (Ch
reau 1972, Nve and Greenland 1960, Jones and W
1975) The increase 1n land use due 10 sedentart!
tion and population growth has reduced or ehn
nated the {allow penod and farmers have be
forced 10 culuvate marginal lands
Mullet production 1s largely determned by t
avaidabiity of P and N in the soil

(Fig 1), and mowsture The Dutch-Mahan Projet
" Y (PPS) luded that t

association with other crops, parucularly P
( Vigna unguiculata (L} Walp ) and sorghum (Sor-
ghum bicolor [L ] Moench) Mullet gran is used
primanily for human consumption, however the
straw is important for construction and as standing
dry fodder for animal producuon system
Improved millet production in the West African
semi-and tropics (WASAT) should rely on man-
s p that yields, when possi-
ble, while improving production stability 1n both
good and poor ranfall years Farmers' production
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!
principal imiting factor to ammal and plant prods
tion 10 the Sahel region was low soil ferubity Pand
defs are more | than low and
rawfall (Penning de Vres and Djiteye 1982). Hgh
yields and intensificd use patierns wll remove @0
mutnents and deplete the resource base for the fe
lowing crop, unless the nutrients arc o
prisingly, this sccnano has had hitle mflwnc® ‘4
natona) ferulizer use 1n sub-Saharan
1s the lowest in the world a1 6 4kgha™ (FAO

Niger 19g5)

soil fertl
nmpmvzmemwnllhrl'e:v:l: fi defmthly
feruhzers the ncar o of or e

f cro d
manure 1nto the product Y y g0
on s needed
nsure its stability (Pien 1985l)y“m " N
- :..:‘::“‘h other nutrients such as sulfur, m,
pasur importance in some arcas only Plnd'N lly
e nsidered because of the general and pre, jor.
Amitations they place on pmducuonp ponder:

. Treatments
wgure 1 Effect of different
phorus, and potsssium on e
(Sadore 1985)

€s of mirogen, phos-
pear! millet grain yield

Man ferulizer tral,
s have shown 1k
A4rT major constraints 10 mitlet ;-rodum::?n‘\:’:gd N
s;:lls (Mughogho et al 198S) The practice of o
f::gmc;)o;;, residue by incopporating 1t as com';;v(
Ch or manure does hel
p1or
;Dand maimain yvields (Charreay zn:p,':?c';: ’;9‘7016
m;r;r 1971 Pichot &1 al 1974 Ganry et al 1978
o 1en1 1985a who cites Sedogo and Ganry and
Ber .;;“)oﬁd:::nd benefits occur when fertihzer
inienance techn:

! ques are
ogether (Fig 2), but the imied avaslability of l::-:ed

products resy
ncs the appl of this strategy to

CR - Crop Residue
F - Fertilizer

20004 sE CR+ F
]
~ 1600+
A |
o> 12004
= ] F
3
> 800 -—...__CR
3
- -
W
< 400 4
Control J

Figure 2. Egy
ect of pearl nullet grain response 10

and crop residue spplication (Ssdore,

Phosphorous

Marked P deficiencies in the millet producing soils

French government Tmpx::n(d o e
‘l;:x;lu: Institut de Recherches :::::::::u:‘;:’mh
\\—ASATdn Cultures Vivritres URAT) and l;:
erk of he Inernauonel Fertmer e
b cruhizer Devel,

mf:’;:r (::dr)(‘)nnd ICRISAT shows that :h:::e::
e ;1 ucing soil groups are low n P (IR/,\T
. ationo et al 1985) During 1950-1980

ponded well to imp, T

orted comb
fertihizers (Bationo e1 al 1985) A 1 ;;:G:dl;::z’::"
in

yield ratio 1s possible (Fig 3
1972) Suchhxub:unml ‘ync'l; r::c!:c:‘l:‘l :::dvekzec::
d w1 d
Morered ‘lbelocalla p d, and exotic culuvars
Mo ”Mr;” yreld superionty of \mproved culti-
Mot Y occurs in the presence of adequate soil
Sever) , personal communication)
oo countries of WASAT have natural rock
sphate (RP) dep‘oml The use of RP for dxr:,ecct
ool T'hn 1o bean cone means of P
loo o
’971;;!1%!’ ;s a P source (Jones 1973, Truong et nllo
o mr 3 lrc'uvcnen of RP depends on s chemi-
Pty sro“mer: compostuion, soil factors and the
wor Arncn Rn(ortunnely, carly research on 1he
i ;1:1 Ps found their agronomic effecuive
by ue 1o low rescuvity, with a resultant
ooy 1 s!uppl) adequate P in the soil solution
(T:lem:RP: 1978) Nonetheless, the RPs of Maly
ot R b:»d Niger (Tahoua RP)are sufficiently
solub used for direct application Lack of
response 10 the added RP discouraged lhc(:r

use In Niger even though
at
tnbution and exlensno: c'}fol:l’:.' i

lished 10 marker T e Cuab-
farmers e ::oua RP 1he adopuion rate by

. n:n‘r'::‘l r:u:n:ﬂuon increases the solubility of RP
ter snitial response
$€ason crop such as millet Recent rem:h :n‘::;
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Figure 3. Effect of phosphorus sources and rates on millet grain yield ISC, Niger, rainy season 198S. (SSP =
single superphosphate; SSPN = SSP + nitrogen, TSP = Triple superphosphate; PA 50 and PA 25 = partially

[y

idulated rock phosphate trested with S0 or 25% sulfunc acid; PRA = rock phosp PP y;
PRB = rock phosphate applied as 2 basal dose triannually).

shows that most RPs, such as found at Parc-W and
Kpeme, increase yields up to 95417 59 of Single
Super Phosphate added (equi alent quanuty of P)
when they are 50% acidulated (Fig 3, and Bationoet
al 1985) More than three-fold increases in millet
vield have been produced on Enusols in Niger Sim-
\lar results have been demonstrated in Mah Burkina
Faso, and Sencgal (Bationo et al 1985)

Findings at the farmer level have been less spec-
tacular (44-130% yield increases) but economical
even in the severest drought years (ICRISAT 1985)
Financial returns were ighest at 24 kg ha™! of acidu-
lated RP when millet was sown with the first rains of
169 and 422 mm 1n two villages in western Niger
Moreover. there were important residual effects of P
inthe d yearb d P undergoes httle

The importance of mvcorrhizal acti ity toimprove
P availabilits in WASAT 15 under invesugation by
ICRISAT Prchminary data indicate high levels of
mycorrhizal activity This rescarch should receive a
high prionty 1n the hght of the good crop responses
to small apphcations of P Better understanding of
mycorrhizal effects on P uptake and 1its possible
manipulauon should lead to more efficient use of
applied P

Substanual, fi Iy feasible vield
are possible at the farm ievel through the use of
parually acidulated local RP Adapted culuvars,
with improved ferulizer-responsiveness. wll enable
the farmer 10 increase his return from feruihzer use
Moreover, because P fertihizers can be apphied and
wncorporated before planting, the addiional isbor
do not interfere with cnucal plantng

leaching as compared 1o N This is with
other results (ICRISAT 1985)
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q
orcrop P

Acidulated RPhas’

a phvsical form simulas 1o SSP ang
apphed
:L‘nmnﬂy. wn Niger and Burkina Faso%dzal .Kfm»
ics are conssdening local prod
o o paerne | production and distribu-

Nitrogen

Nitrogen improves mullet yields in WASA
the presence of adequate P (Ganry et al 19;40;"1{;:
ré¢ 1974) Furthermore. the errauc rnnh‘ll and
poorh buffered soul condinions increase the nsk of
losing apphied N without any vseld increase But with
adequate morsture and P, the judicious use of N on
millet 15 an important management strategy The
tollowing discussion considers onlh the use of chem-
ical and plant mtrogen sources This does not over
look the imponance of mineralized N especially
carlv in the season and the 1mponnnc; of timeh

planting with the first sub I r
AINS 10 Op
;mnenhxed \ uptake and vieids (Greenland 195(
ones and Wild 1975, Eghare\ba 1979)

Inorganic N\ Sources

A number of researchers in WASA

strated increased muller yields with l:ehu.: odfe:l::
genous ferulizers (Ganry e1 al 1974 Troaré 1974
Egharevba 1979, FAO 1982, ICRISAT 1984, 1985
x'.fff.’;d“f.‘"?‘}?hﬁd et al 1985 Pien 1985a) With

infall a

to N has been | M‘w'\ilf:;":d —"— l‘fsgo.'::
continuous cropping, the nspo;lse to N |s. pro-
nounced and vanes with N source application
method and uming (Fig 4) However, the recovery
rates are poor as low as 26% (Mughogho et al
1985) W hile 1t 1s possible that recovery efficiencies

1800 —
URSP
e ./'
/'/ ¥
A Ve @\\?./
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1o . L=~ TaneD
ot "” 3
z - /
© —
£
>
£
pXS P T el
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30 45
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:l:e 4 Effect of different sources, rates, iume, and methods of
mn::::m ISC, Niger, rainy season 1985 (URSP =
. split application; CANBD = CAN banding 30 DAE, URBI = ur.

forporstion 30 DAE; URBD =

i ures banding 30 DAE; CANBI = CAN broad

placement of-nitrogen application on pear!
ures split application; CANSP = calcium
es broadcasting with
ing with i ion 18
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mllet cropping sysiems Specses such a3 Acacis
albsda Del sddupto ] kgha' of N 10 the cropping,
system for every trec preseat There are aiso impor-
tant windbreak effects (Charrean and Vidal 1965)
Such species are cultvated and encouraged in the
tradiional systems and crops under the trees yicid
much higher than those away from the trees (Char-
reau and Vidal 1965) However, this situation could
be misinterpreied because of the scavenging nature
of the roots that are away from the trees, and
because the trees are used by burds for roosting and

will improve when N 18 apphied 1n split doscs after
plantng (Fig 4, and Mughogho et al 1985), this
may not always be the case (Egharevba 1978) Using
spln dosages can conflict with ather actwvitses, such
as weeding, if there 15 a labor shortage 8t this time

Osganic N Sources

The use of ieguminous crop rotations (Psen 1985a)
and intercrop planungs with cereals to provide N are

\mportant ferliity management practices 1n Niger, by cattie for shade, resuling in manure being con-
mallet yields increased more than two-fold where centrated around the trees (Breman et al 1984,
mitiet followed | year of groandnut (Brown 1978) personal com.numcanon) Nonctheless because of
Similar observatrons have beea made in the ground- the importance of agroforestry 1n reducing wind
asin of Sencgal 1t 1s not clear whether the n and increasing yrelds (sec Jater secuions), the
increased yields were due Lo the residual effect of N n associanon with mullet
from the legume, or the residual P not used by the
legume (Pren 1985a) However, there s evidence of 8
combined residual effect of the 1wo (ICRISAT
1985) In low rainfall years the amount of symbiouic

N fixed 15 reduced by as much as 609 1n a groundnut
crop, but 1t still constituies an ymportant and inex-
pensive source of N (Picn 1985a, who cites Ganry
and Wey)

A viable management strategy is to apply Ptoa
leguminous cash crop and follow this with nonfertil-
1zed muliet Such a legume/ mullet crop rotanon has
been widely practiced in Senegal for many years, and
may in part account for the higher average mullet
yields in Sencgal compared to Niger 1t 15 possible
that strip cropping cereals and legumes could con-
tribute to improved wind crosion control as well as

providing & workable crop roiation system
Strategic management of a legumnous ntercrop
1n a given year can als0 increase mullet yiclds 1n Mah
total crop yreld increased up 10 100% with a nutlet,
cowpea system where the cowpea intercrop was
removed 60 d after the crops werg sown It appears
that limited amounts of symbioucally fired N may
become availabie to the milles portion of the inter-
crop after the cowpea harvest
The productvity of the pastoral system 1s 1mpor-
tant to the WASAT economy The use of extended
fallow penads has been an important ferulity mawn-
tenance strategy Rescarch onthe possiblc contribu-
tions of leguminous pastures to fodder and N ferui-

Wty level has been neglected Oversowing legumes

such us Srylosanthes,into 8 millet crop is 8 manage-

ment strategy that ments study 1t mav contribute N

to the following mullet crop and provide high quality

pastures as well
Agroforestry 1s important as

€rosiof
use of leguminous trees
production should be encouraged

nut b

improved Fertilsty and W ater-Use Efficiency
Improved fertihty may of may not ncrease water
use, but 1t does iIMprove water-usc efficiency (WUE)
In two comrasting ramnfall years at the ICRISAT
Sahehan Center (1SC) (1984, 254 mm rainfall, 1985,
540 mm ranfall), millet crops with and without fer-
uhzer used similar amounts of water within each
year (ICRISAT 1984, ICRISAT 1985) The use of
feruhzer produced up to 75% more total dry matter
(TDM) and grain yield As a result water-use effi-
ciency was much hugher under improved fertility
Improving the fertility of the so1l will improve WUE,
help stabilize production in poor years, and enabie
the crop 10 explont good ranfall years

Soil Management of Millet
Production Systems
{ the sandy-textured soils

poor Low surface poros
rust formatiof.

The physical properties O
where millet 15 grown are
Wty weak structure, susceptibility toc!
and low water-holding capacity are the importan!
nLimiing properties Improved cultivation pracucet
enhance the benefits from the use of organic

inorganic feruhization (Toune 1971, Charresy
Nicov 1971, IRAT 1975, Egharevba 1979, Pt
nefits frod

1985a) Earher rescarchers explored be
priman ullage, and recent years, the |
effects of modifying the soil surface config

a source of N to have received attention (Nicou and Charrea!
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Tillage

The benefi
() e Gty Wt o o e
uon, thereby feruluze oy o
oV c y :
::.":I:g,:lrji Tiliage abso mtorpomt‘: :::a:‘:c
o : oves weed tontrol, and improves soil
o aservauon Yield increases due to tillage
mherm-nml::::lx)\ s (Fos) pmmencs of
ues
ucneoﬂecu of tillage with l::ied t:;l’hfy) :;:t"l: aved
f;ml':'p: a: cntical 10 s value When ulhzo:::
(1935)‘;:;:1@:)’ other inputs Nicou and Charreay
o apor a0 xverage 22% vield increase from
e expeniments Yield advantages from
M, n’;es are ttable or increase in the driest
Ao ¥ ‘5b Pocthier cited by Pier 1985a)
CYEn in ven ‘:ﬂ:\d:(:;:“ﬂ:;‘fo\lncm.”d Pnro‘"'\
s rool
(";sv;o:' .19074. Chaopan and Nicou 1972,c "é:;::,:
. ,;,;,m ;;md Charreau 1985) Porosity increases
c),.nuu‘pq‘ssm the order of 10 20% {Nicou and
et o So) which doubles root dry weight dur.
ey d(Chopart 1983) Extensive rooting
(Chmnuw::n lo exisung and applied fertilny
e and Nicou 1971) Since the plant cnr)1
o ul );‘::::on the profile, it can use more of the
phivwrorhiogs ure, and may be better able 10 resist
pnor to ulhgep.:el:;’fl)n?r;:cr lsfcl' ; iy
o -
SAit_crr't;lslgellnh:; sa‘re reduced to | 30 IS n"n(:s(llcnl’{l]-
. an extre;
:‘x;n;.r Tl’d)M yields increased b;!T 7‘-1;;‘;‘: ;eyle: i l( -
nm!.];] 2ing (ICRISAT 1985) In 1985, an ":rl’“"
vear (540 mm) the vield increase due.l‘:

8009 g5 plowing
g r1dg;ng
san h

600 contr&? ter

~
1

Grain yleld (kg ha")
o
8

=]

No fertilizer Fert11{zer added

Figure s,

:l:in yield responses of pearl millet 1o
s presm;lng cultivation, 1SC, Niger
- ervor for paring tillage mea

or different levels of festility - x“lk; In':..’ "

ull
u “‘h: ml ;l'g p:es:;ee‘ of adequate ferulity was 76%
m;::ed rn;:mun \:;((},-‘rlgm;)nm roeung and
use the millet sotls of WASAT a
r::;iy" structured and bufferea, have lol: :c::';
—— l::npacm and water halding capacity, man-
aging thel OfguMIC matier stafus 15 nmporu'n‘l The
e .mm:lg:nl‘om:ncorpome crop readue (Fig 2),
. TCS, may improve orgamic matier
h"‘:’:d:s l‘re';:nmmlkd by pnmary and secondary
o c“;p h‘: as through weeding operations alter
g ;mcrged Proﬁle-m\:r\m. pnimary tij-
g .or e uries weeds, or a tharough first weed-
g o b operations combined, reduce the need
S, onequftm weedings thus saving labor Weed-
W lo d\he critical labor bottlenecks 1n man:
- mrr:| ional svsiems Wath adequate wec:
ool dun:eu{x}:on for nutrients and mosture 15
e # the cniuical seedling establishment
S
“u(:'l, n:’)‘n;(ur;can be conserved at the end of the
oon it c: -of-season tillage operations that
o7 ceds (Charreau and Nicou 1971, Jones
Impo.“.m ::ndrChlrrelu 1985) This may have an
heorant b dne icial effect on the following crop, if
Daneaonust ;iy(Dancene and Nicou 1974, cited 'by
T e o ;II 1979, Chopart and Nicou 1976)
wsrene “u : tillage only become substantiat 1n
e 1th other improved practices like the
il ”p:;am plant materals A fertilizes-res-
T ll".ype, &rown with adequate feruhty,
will yield xubsll:;ll::g) ":lPLO“Gd Ny Pflc““l'
cultivars with tradstional :Jl:;r:l;;';l::’:o:.dmoml

Land F orming

: f\;:::l:nly of l::d forming techmques exsst, including
s l" 8raded or nongraded benches, and level-

r:ﬂ y 1hn? hold much promise as managem
‘;:‘ mc“;“ for WASAT farmers bedding, as prulzlu:‘:d!
dmom]:oadb:d-md-furrow system, nidging, as ira-
St y. p;a:uced n Nagenia (Buntjer 1971), Maly
o Ioc;u:m.‘:l”[; l;d hilling, as pracuced in nv:
&8: prubviy e Sahelian Zone, including the

ly ridging 15 discussed here beca

:;:Lx:\c:ﬂms of ndging, hulling, lnjiu b::d.u;:l:rr:
i cwe“l xflu I1SC, where infiltration rates are high
comrollm:mlns: e’:‘;:::-":’b’ e on
protecting mullet seed-
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lings have been noteworthy In 1984 a cevere
drought vear nidging improved the stand by 505
The combination of ndging and the use of genetic
material selected for better crop establishment will
significanthy improve yicld Where infiltration rates
arc lower and where ndges slope ndges tend to
concentrate water and increase both runoff and ero
sion However ‘ndge tying and furrow-damming
reduce this problem encourage uniform infiltration
and considerably tncrease yiclds especially in the
drier years (Lawes 1963 Kowal and Stockinger
1973 Nicou and Charreau 1983) In wetter vears and
heavier soils erosion and water stagnation may be
ed (Kowal 19702 and b)
‘sflruad\:nlng c(nnccmrmcs feruihty and organic matter
in the ndge increasingats availabilits to the secdhng
(Kowal and Stockinger 1973) Permanent bed or
ridge s\stems alvo reduce the total drea necessan to
ull and himit the compacted arca to the furrow
Graded beds and furrows impiose infiltration by
slowing water movement down the slope In add:
tion 1 permeable soils such as those found at the
ISC concentrating water in the furrow increases is
effectine head Conscquently the moisture moves
further down the profile (Klay personal commum
cation) and is less subject to evaporation losses than
at the surface At the 1SC in 1984 this partly
accounted for the advantages that were observed in
n ndges
ph";l:;nff?ccls 5{ ndging on bulk density organic
matter incorporation and improved rooting are
similar to those of plowing or other primary ullage
techniques

Ammal Traction

The majority of ullage planung weeding and farm

transport in W ASAT 1s done by hand Dereloping
adequate animal traction svstems » illincrease human
efficiency by improving farmers abihity 1o mecha

nize farm operations and transport capabihity Ammal
traction use 1s relatively widespread in some areas of
WASAT (¢ g the groundnut basinin Senegal) In
the Sudanian Zone there are severalinstances where
its acceptance has been instrumental in intensifving
the cropping svstem (¢ g the catton zone in Mal)

Due 1o the cost of tractors and their maintenance 1t
\s onh with ammal traction svstems that it 1s possible
to replace the large scale use of human labor as a
power source for basic farm operations Further

more the advantages of pnimary ullage to crop
growth may onh be realized through the acceptance
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of amimal traction on a widespread scale Manage
ment options are increased by precision farming
with improved amimal-drawn tool carners (ICRI
SAT 1983) Husbanding traction Is provides
other benefits to the farmer such as meat skins
calves milk production and manure al of which
can improve farmer net worth and income

Successful introduction of effective ammal trac
tion systems for the full range of crop operations will
increase basic options available to W ASAT farmers
However there s a Jong learmng curve for the use of
animal traction and providing the capial and
developing the nfrastructure 10 support ammal
trachion <ystems are inherent problems Itis how
ever the only practical means in the foreseeable
future to increase the farmere efficiency and the
umeliness and precision of operations

Crop Management of Millet
Production Systems

Mullet crop management based on the choice of an
appropnate cultnar cropping method rotation
and cultural operations can increase production of
the total cropping svstem improve WLE and pro-
vide a more stable return to the farmer

Cultivar Choice

Tradinonal mullet cultivars used by farmers m
WASAT are well adapted 1o the low ferulity and low
management production systems With better mll;‘
agement (¢ g P and ullage) the choice of a mil
cultnar assumes importance  Svnergisuc effects
occur with the use of management responsive cul
tivars in these situations L nder conditions of good
ullage and management local culunars mainain
low harvestindices (H1.20%) vetincrease leafarea
and biological yield Under these condinons ::d
proved cultivars have less teaf production yet g
biological vields with higher harvest indices (>
350:) Their lower and more efficient water lwt
under improved conditions are a result of a :‘0:
relationship to leaf areaand TDM (how al and”‘).
sam 1978 Azam Al 1983 Azam Ah et a'l ! ot
Research into cultin ars that have a igher W UEo:lue-
cultivars of equin alent cycle length would be pr i
tine (hassam and howal 1975) Imual resuits ch-“
cate at least a 20¢¢ difference in WUE between 08—
tnars of equn alent duration (ICRISAT 1984) l
Farmers need a choice of well adapted mllet

tnars of differemt matuni pou;;: *Loause rainfall
has been below average for the last 15 vears in
WASAT Higher and consisienthv stabie vieids
across these low rainfall scasons are the result of
prowing shorter duration varieues This 1s under

standahic as there 11 a positine hinear correlation
hetween crop water requirements and the lengih of
the growing penod (Dancette and Hall 1979 Dancetie
1983) 1n aptimum growing conditions a 75-day
GAM dwarfvanen (Group d Amehoration du Mil)
uses 390 mm of moisture whereas 2 120-day samio
mller uses 630 mm  Short durauon cultinars of
cut valent vield potential are an important man

agement sirategy in drought pron- WASAT where
the probabilines ot drough are high at1he begnning
and end of the scavon (Spence  and Sahurar
1947) Methods that predict the Erowing period will

sliow mallet vaneties 10 be tailored 1o specific agro

¢ mauc condiions(Dancette 197¢) Farlh maturr S

mullet also conserves moisture in the soil profile that

mat help the next seasons crop (Hall and Dancette
1978)

Planting and Cultural Techmiques

Timelv crop management practices are necessary to
sustain high millet yields (Ogunlela and Egharevba
1981) Planting with the first substantial rains max
tmizes grain production in most years Early weed
ing and thinming contnibute 10 good yields (Monnier
1976 Egharevba 1979) This 1s particularly impor
tant because there are positive svnergistic effects
between improved soil P and N\ tillage weed con
trol and higher plant populations (Fig 6 Tourte
and Fauche 1953 Tourte and Fau~he 1955 Nebos
1970 Nwasihe et al 1982 Egharesba e1 al 1954)

Crop Associations

Miller 15 traditionally intercropped in WASAT In
Niger up 10 875 of the mullet area 1s intercropped
(Swinton et al 1984) and simylar figures are reported
for Migenia (Norman 1974) and Burkina Faso
(Sawadogo and habore 1984) The most common
associations are mllet cowpea millet sorghum

millet maize mullet groundnut and millet/sorgh

um cowpea In these sysiems mullet 1s normally
$own first and acts as the dominant crop The per

Centage vield contribution of the crop or crops
8rown with the mullet decreases with decrease 1n
rainfall

2000 NP K
- 45 40 0
2 1500 4 d
o
= — T 2200
© ‘000 4
=
>
e 900+ —— 000
o
(L}

O T

T T T —

S 5 10 15 20 25
Plant population ( 000 hills ha-')
Figure 6 Graimn yield response {0 increases in plant
population and fertilizer I8C, Niger rainy season
1985 Standard error for comparing plant popula

tion means at the same or different fertilizer level
* 56 hg ha

Muanugement stratepies designed 1o increase and
stabilize millet vields in WASAT must consider the
advantages of traditional cropping patterns and the
inherent production goals of the farmer Studies of
these traditional systems indicate that a total yield
advantage exists and that 1ntercrops are more stable
than sole crops (Baker 1978 Baker 1979, Fussell and
Serafini 1985) In general mullet yiclds are reduced
!nan intercrop such as with rampant cowpea, but
this 15 not always the case (Fig 7 Fussell 1985
Serafini 1985) Delayed planting of the intercrop
consistently protected cereal crop yiclds (Serafin:
1985) The vield advantages of intercrop systems
vary from 10 100% in mullet (Fussell and Serafin:
1955)

Moreover Norman (1974) concludes mixed crop
PINR 15 d rational strategy both for profit maximiza
tion and nsh mimmization Production and income
stability are imporiant features of the systems (Abalu
1976) which also alleviate scasonal labor peaks
(Norman 1974)

The most advantageous mullet intercropping sys
tems exploittemporal differences between the crops
Miliet 1s generally cropped with a later maturing
species such ascowpea(Fussell 1985 Serafimi 1985)
or sorghum (Baker 1979) There1s a temporal sepa
rauon of the most Compettine growth periods and
the intercrop 1s able to utihize those resources not
fully used by the millet During the 1985 cropping

scason at 1SC there was htte reduction i millet
yields while cowpea hay yields increased substan
ually (Fig 7) Cowpea planted a week later than
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M3 gy 1o (Mclntre a v Inennroger cone bulig  sepuminous
increase \iclgs ana stabiliz trees has been discussed above anas, particularhy
198%) impontant where the efficiency rates for applied \

ot technical pachages Therefore re:
ity
& mllet high dens

source manage
ment systems need to be developed at a number of

a Millet recommended density

rcrop cowpea n
© lz'c-eoﬂmenzed mliet density
@ Intercrop cowpea 1n high
mllet density

Agroforestry

ditional agncuhure of
ortance of trees 1n T2 l
'\l:\h;lsl:':l' was highhighted by C!’:ncau:’;:j:lodd.
role of Acacia
(1965) 10 rcmr‘:"h on the e e By
Other freq
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F'l‘"‘l‘ in & pearl millet/cowpen |n|¢rcropr;:::§
'“:’:’: at three cowpea densities ISC, Niger,

sys

season 1985

d nutrients not used
loited the moisture an e
:‘yll::x‘: :l‘l’\c( without a large reduction in :\‘eh r::.—.
had a longer gro
because the cowpea dura
Z)I::’ \han the millet Such systems us; ;n::r. o
fficiently than sole mullet (Fussell 1985) et
. hen drought occurs early \n the scason t oo
w\ c‘:et'.l first mullet wall substanually supp;cs b
P:: millet component This protects the produc!
n
taple cereal "
o ;::ellstl ?mercrop genotypic ml:racuon:dh;vc |:m
been adequately invesngated T:ch s:\uomuc lhalp“,"
d the leg
f both the cereal an M
‘y'::lsn\‘:ulc 10 increased efficiency and production
col
me’fik:\clc::;:fem flexibibty of rhillet mlctcmpy;:i
ct of thewr use
s 1s an important aspe < e
syi‘;umccr \s able to decide when and how mufmla‘Cl .
" nd crop should be planted because et
:Itl:::lcd first Should there be an c:crl::;c“acstodn 0: d\gml
tercrop can
- d:‘“(‘)‘:" let::c:l‘her hand if mullet cs(abhsh;:
poor cond crop can
density of the se¢
Poo:‘lvscc;h: tradional practice the au;;mlrs have
1
:\:srcrved in farmers fields in Nger ::::Pp‘ :g et
cts inter
Considering these aspe Topr
with other crops 1s with pllspmir o
mentstrategies such as animal traction

hotschy (karite) Par
msmrm‘;vmg‘(l,“l‘::((;(i BI::l:)(ncm) Adansonsa dig
e MﬂOBn hab) and Ballanites acgy ptiaca(L ) Del
o m\agc) These trees contnbute substan
o SI:\: diversity and productiaty of the farm
. hrough production of oMl (kanie) fodder
C“‘CTP"‘;‘;;d others) firrwood (all) fiber (Bao-
(h:b)‘l::od (Baobab “ien and «wth;rsl)q;:m?;:‘r:
Marde!
"l:““:;“sb an?lé‘::::n(\\!%l‘) Browse <nould con
wh e “CO Clrﬁ:‘( of the fodder intake n the lransh\;r&
:r‘u :as:nral svetem for cattle Qh“p,dl:?,\g:‘:“ﬂ
9K0) Balanced and produ
:a(;:;':\‘:lc]ms for the Sudanian and ga::‘l;:‘r:'tz‘(:::
are those that exploit the agmfc-rcls\n :d estock
contributions to the system (Tavlor a
e av beneficially affect the microcnviron
T"“sf mmnllcl crop by having different growing
mveles. :d using the resource base differently thas
cycl::ls ,: albidars a classic example 118 d;i‘ld:;:?
:‘:\nng the rainy season (Charreau andd:lc\P_mmd.
Dancetic and Poulaip 1969) nm:x:zm e
exploiting moisture in the profile A emonas
b\plhe cereal Using the B:ﬁt:x\l(‘i;r;gcmm.“ o
n
:\:0‘::::‘:7 E\::Tll:rnfaﬂ could suppor;;‘m:nl:
crop which uses 400 mm of uax‘cera“\:g o
groundwater rechange of 100 mm e bl
of water that would support 22 Ac. it
Trees create air wrbulence that lowcrsmmdc -
demand by reducing wind speed rf[gmg[oﬂﬂn
hade for the crop and protect the so1 v
0 and Poulain 1969 Bognetteau oo
(Danctﬂch and Adecove 1984) Mllet vie e
o L:JolIk by as much as 28C¢ i the prc;w)
adequa tree lines (Bognettcau Verlinden
ldfrquaste are also imponant n nulm']“;ucwr{mﬂ
Incfl:d cations are redeposited at l;t :Z;mpk.lk
he form of fallen Jeaves and fruus Fo! o the
‘pr:cur:c of burmng hanic Iea‘\‘:s (;;st[ opr e crop.
planting season releases K a s
which may have a critical impa

arc iow and the chemical forms of N are cxpensive
and difficult 10 procure

4 albida galienes cover many mullet fields in
WASAT The authors have noted insiances where

they estimated that A albida covered more than
S0¢ o the crop surface Alley cropping systems as
suggesizd by Dancerte and Poulain 11969) using 4
albida aswell as o her adapted trees and shrubs are
feasible and mav be an ady antageous parn of amy
m llet ranagement svs em 1n W ASAT

Conclusions

Thep 1 p=formance o the W ASAT food produc
O \\em a¢ atir buted 1n Part 10 the very Jcw
nodutcr the major staple scrphum ind m ey
For the region 10 meet 1 food needs in the vear
2000 n reased production must come {ro
cld perount areg Muanagement practices musi
alleviate the effects of the principal factory hmiting
millet vields inherent low voj) ferubts hmited and
unuimel\ cultural operations and frequent drought
periods The first two factors are often more himiting
than irregular and insufficient rainfall Higher soi
ferulmy and improved cultural
WLE and increase vields

mincredased

pracuces will improve

Sound management practices to allev,ate the
pPriman himitation< include

® the use of combined and acidulated rock

phos

phates

® the use of biolopical sources of N in particular
lesum no. CrOP 17 4t ons < ane and eficient
nlercronp ng and agroforear

® ne n svporanion of crop residues and animal
mdnures

»

efficient pnimary and secondary ullage using
animal tracuon including land forming techm
ques

the chosce ofmanzgcmcm FESPONSIVE wdler use
efficient varieties 1ailored (o the curren
matic cond nons

umel crop management practices and
mdinienance and « stemization of trees and
$7 ubs a5 a pan of 1he mulier farming svsiem

tagroch

The resource poor farmer s not likel 10 adopt all
Management practices Previous experiences
mdicate that farmers tend to adopt and adapt parts

Abalu GO 1976 A note on Crop mixtures

Eenous conditions in northern Nigeria Journal of Devel
opment Studies 12 11 20

Azam Al
Effects of p
pearl miller (Penmiserum vphoudes)

levels <o farmers may choose strategies and tech
niques appropriate 10 their specific snuations In
some cases infrastructure improsements need to be
encouraged and even subsidired b\ the governments
of the region (e & rock phosphate industries)
Improved so1l ferulity 15 the starung pont of any
management strategy 10 increase mmilet yields in the
region Other management options will have post
tive synergistic effects with improved f(ertilny
Addional mJanagement options may resull from

further research

® increasing the effect of mycorrhval associatons
on P uptake

use of lepuminous Pastures as 3 source of N and
animal feed

the exam nation of the lang termeffects of tllage
ind lund torminy techmiques
choice of vanieties both 1n sole and inter
svstems that maximize
and

croppung
production and W Uf

development of efficient integrated a,
systems

groforestry

Low rainfall does mean lowes millet yields
theless yields and WUE can be improved through
the judicious use of fertihzers In the presence of
adequate ferubty other management practices will
have a positive impact as well and wil mmprove
stability over time Current traditional management
Pracuces fail 10 take advantage of good years
because moisture is not the principal hm,

ng factor
Management Practices are available which in some

None

cases need 1o be refined thar Ruarantee production
in poor years and take full ady
‘all vears

antage of better rain
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