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One of the most graphic symbols of achievement 
in the CIMMYT Maize Program, oddly enough, is 
a downward drifting line, representing the 
dramatic redu,;(ion in plant height brought about 
in a population based on the Mexican landrace 
Tuxpen)o. WNhy that particular acromplishment 
and that par.icular andracc should be assigned 
any special irnportance is a question we may well 
ask, considering that in the course of 20 years 
Center maize scientists have improved many 
diverse materials in exe n plary, and sornetimes 
astonishing, ways 

The answer to that question lie!s only partly in 
Tu pueF itseir. It is, without doubt, one of the 
outstanding germplasm complexes identified in 
Latin America, being widely adapted and 
inheently superior in many other valued 
cloaacteristrcs Mo;a, important, however, are the 
ways in which varLous Tuxpeio rmatei ials have 
t)rain niarniplhttd aid the benefits that have 
;rcl:rriel from lhat wNoik. The reduction oh plant 
lh,iqh is hit one e,xaiyiple (arguably the most 
iii tivnl 5o fa) in whichint a brding project 
in'olvin ( oJptnio hias W.ivn rise,not only to 
g(!r11lplasn tInht i(s uJS(IJul in PI ry parts of the 
worlJ, hut to r;,ew insighits rIto the art of 
iiriproviri thfe trop)(al rinanz plant. In that case 
aid nirly i Tixpeho has I)roverd to he(,theijitfis, 

( t irplair HtIrt ger I lieright lh ,ne 

PIne (IueSion [I)tf above, thi;,r, Should perhaps 
hi frjierd Iher(ritly. Instead of wondlering, 'why 
give; pr(frinrrc to Tuxpeho?' we st(ould ask, 
'hnw could one, follow the story of maize 
innirov(erienI an without AttemptingCIMMYT it?'' 
to iJo so woulId be like reading a novel from which 
a principal character had vanished. One would be 
hlard pressed either to iollow the action or discern 
rtS inearning 
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This booklet is not, however, intended to be a 
complete or systemat;c account of the Maize 
Program but ratne, touches fairly briefly on 
several important dimensions of its work over the 
years. Armong !he aspoc.ts consideed are the 
natire of the gerr plasrn with which CIMMVYT 
sciontistrcnmarked on their irnprovemeni 
piogram and some of the assumptions and 
decisions they made about their work, goals and 
pri:)rrties th(y set miethods they applied, and 
res.ults they achieved Tuxpeho naturally enters 
into all of the issues rliscuss, d here, and in fact, 
one very convenient way ot cxamining thern is to 
focus or) the .ittribUte"S and various uses of that 
(l.ernplasm It is hoped that this discussion will 
shed 1,ght o-i the progress of the Maize Program 
lo its current position and offer some indications 
as t) its future course. 

A prehistoric funerary urn moldad from dent maize ears 
(Courtesy of National Museum, Washington, D.C.) 
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A Gold Mine of Genetic Divrsity
 

Tuxperho is one of sorne 250 Inaize landraces 
found in the New World, most of which are 
represented in the CIMMY - Maize Gerrnrplasrn 
Bank. These matehrialS, refurred to in an early 
annual report of the Contr, as a "virtual gold 
iinf; for the ftr ther irnlprveriI(nt of maize 
hroughouLt the trpIcs," are i)rohably the best 

repository wf. hawe for rniqu g(:rriti: viatiorn. 
Ihis resource has already yiel(,d sigrnifti;it (jaIns 
in rrmai7z breeding for developirng coulntries and 
should increase in \ ltue as advances in 
biote(-hrology ,)Ufl ) p new possibilitiei for crop 
Improvernent 

A vital step loward (corserving that resource and 
rufas ing its beneflits was taken by scientists of 
th(.' Hoeketdlelr Foun/dation working in a 
cooprative potecl with Moxico's Ministry of 
Atrirulle arit Livestor;k. Over an approximately 
se.,vn yeaiir perid (filling tOe 1910s, they 
colleci cniJ :la;sified sample of liaize from 
(every reglon of te c(iuntry ard In the process 
t:v,,t!oped the :()ricupt i)frrii landraces, which 

hii; sihs;retly C(irie to h. wide ly us,e( in work 
oni plant ]oriti- r(solrCe s 

ihi; laxirior:c category has , jeographical and 
,1rlrtir(; -ornpoipi tiit, (',rl(esponding to the two 
;arts of its ar in,w ''lard'' and "lace.' Ov(er many 

years ol s0leciari by farrriors, each of the 
ijridfl;eis ii;itiiir d a distinct genetic identity and 

tiini;arr; siriei to the growing conditions of a 
par'titr!iir g( iraphical irea. fhat is vvly 
lanriracs are oftren closely adaptord to the day 
leng(thi (if(,ertar; Irionis ari(f can readily be 
fiidti'iiiih:rti fr'r)l o(ie another by thenr grain ar,d 
an uli;iincttretnn;s iairiqor criterion of early 

farrnir i r sf i 'e,(:ltng for suitability to a 
prefherrertlrLnOtod of preparing maize). Across the 
whole g1,ong;,aphical area whre it was formed, a 
rai; witl show substantial variation. Plants found 
at thf., extremes of the area, for example, differ 
from those originiating nearer the center, though 
they still possess to a certain degree the 
characterstics by which the race is identified. 
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A collection of a particular race such as Tuxpeho 
contains numerous landrace accessions gathered 
over its entire geographic range. Those are 
amrong th materials with which breeders can 
work. Once selections have been made in the 
naterials, however, they no longer constitute a 

h'ndrace ir the strict sense. Nevertheless, that 
gerrnplasr will always show landrace ancestry, 
arid one can reor to it as being of the racial stock 
of a riat rol like ]uxpe (o 

Multiracial ancestry and intense 
selection over many years account in 
large part [or the high productivity of 
Tuxpero. 

the distirigurhi,ig features of Tuxpo,-o and the 
other Mexiciri rijuashave been described by E.J. 
Wellhausrt androthers in Races of Maize in 
M.xlco. Fio Origin, Chatacteristics,and 
l)sttution te authors note that o1tXpeno has 
c(liodrical ear with white dernt grain and that it is 
gte tall flke most tropical maize), reaching a 
I eight of ,3 ) miiliits native habitat along the 
(!;sterri coast )1 Mexi('o. [hey also suggest that 
Vuxpe,Fo was orr ed by means of hybridization 
betwe .r two other races (Olotillo and Tepecintle), 
whicfh in turn may fiave corme about by means of 
hyblidizition between harinoso (floury) materials 
from South America and teosinte, a wild relative 
of maize. L.C. Gerrish has proposed in a Crop 
Sc ,nce article that this "complex multiracial 
backgrourd' of ruxpeho is an important reason 
for its pM ductivity, along with the intense 
selection; that has taken place in this material over 
the last /5 years. Some of its qualities, however, 
are perhaps better explained by condtions in the 
native envirorment ot Tuxpeho. Having evolved 
on highly fertile soils under conditions fostering 
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high natural infection with ear rots and foliar 
diseases, it is inherently predisposed to respond 
to corditions of hiqh fertility and possesses good 
resistince to thoe diseujsies 

I ho>(, ire iliri)r Ihith w\t !i ';;i ,oris that, in the 
word,, of P C i', I i ( Its Origin,ul,,1()rf 
[fvoitio ll, wtjr IIt loe)Ve.f t, I o, )e ( Is "the 
piredorriiriil riiirrferni of th(e, lovarids in 
(;iterri M l.:iioi It, iruT' riw "on. from" l rri 
I Jx~an, i ty li' iiti: J f(,(f r trio certer of 
ditrtrm iitiori of Iiljx; ii in irh;stait: .)f VIiVracruz. 
[IMAIiuih iiiit lIm;jvilty cn( irri(trited( thtiiro, 

WiioVv(:t, tw, hiridraii I.'-5 llt! widely (distribulod, 
frorii thu ir tjttit of Mx."ico to thie Yucatan, and 
it-) imfhm.ric( .! llJ (;vei~r h(),Yco( Ih !ts bounds. 

)wd itMY i t(J rWllthausen 
,irld (}Ht l( 'o li (of th(t;fol ) pr(d Ikl l ,( aoId 
It ri tife ( f, /}COrIn ) 'jt 

r, 


ilni(mromr illy ,(jp(!rii riiwii/i: I(iC of Mexi×ico 
ki (hci (,,I y, ( halii0uo, Norterio)h, arid (ornico 

irid i,, vvidh/\ rI(tri/eyd ;a having hid ;j strong
 
itrliiirici orii di+ it of rn
t iri;ii/wr thOw;otjth 

lJnitiA Sta id tiltimnoa(tly on li(im5 of thie North 

r,1(nitr;+itl-,', thimmihii I u: work of Rockefeller 
f oijfiitt;Orl ,i lrwits il hthir stccessors in the 
CIMMY I Mmii/ Proqrarni, Iiixpi:io has found its 
wa;y toi itfir :(oritiri rit, ,rd !it i, proved useful to 
ni:'uihari-;fr.T~ inl frvmires m riniry iowland tropical 

li(.yiri of hi: Itiid WiMInd liin experience 
;a)peauis to confr i thut, iis Marngfelsdorf 
sugqested, hr 'ii is ''onu of the world's most 
produJctlV(T cnerrs; 

Nigerian researcher in a 
trial plot of Tuxpeiio 

varieties at the 
University of Ibadan. 



R Jinivg the Ore
 

The founders of the Maize Program recognized 
gold ore when they saw it, but they also knew 
that this raw material would have to undergo 
conIide frable refinrrierIt betore yieIding a 
tStibs:trc; thit would h. as highly prized in the 

tropiw'; of Afti :a, for exarrple, as it had lj ;n 
[.itri tr:a T iI f! ;t r(tfinementA sciritists the 
1) o( iit rirOtori by xariiinrg tf('vide range of 
(tpirrpliasri aailable arid isolating frorn it Tuxpeno 
irid four othe,r genirilasiri cI r)lexes (tlhe Cuban 
dmd Col-5tl ropical Flints of the Caribbean, 
SajlvaidorOdo of Centiil Amo.rica, and Eto of 
('oloribil to form the basis of a riaize 
r ii VA
io ( rent progrirri 

II
 

11 U, 
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From its Mexican roots, the program franched 
out rapidly in all directions and soon acquired a 
truly international character. By 1967 the five 
germplasrn complexes, singly and in various 
combinations, were being put to diverse uses in 
trlany parts of the world. Tuxpeho proved to be a 
favorite in Central America, South America, 
Egypt, West Africa, and parts of Asia. Some of 

entost useful informatlrn that came out of this 
early work was that particular groupings of 
gerrri plasm complexes showedf much prornise for 
the dfveloprnen t of superior varieties. In 
V(enezuela, for example, maize breeders found 
corrilb)irations of Tuxpeho and Eto to be extrernely
prod uc tive and began rrplacing a previous
gcerieration of improv.d rjrriplas with hybrids
arid oper-pollinated varieties based upon those
 
races. That sarre 
 pairing later .;howed promise in 
r)ther countries arid is today an extrernely 
irportait hybrid cornbinir tion in the tropical 
world
 

Iaux pe ho nor only derrioristi ated great potential for 
boosting produ(ctivity in crosses with other 
tnat a,riis, to be broadly adapted in thebut proved 
lowland tropi'cs Strong indications of this 
criaracterist ic ca rue frorn West Africa, where 

tJxfpenho and other materials serving maizewere 
hreedwrs as sources of resistance to tropical rust 
(Pucciiapolysora). During the early 1950s, 
epidernics of this lelaf disease had devastated 
local maize varieties along the coastal areas of the 
region. After and otherTuxper"o Latin American
 
races were incorporated into West African
 
breeding programs, however, no further
 
epiderniics occurred. By thus contributing to the 
stability of maize production, TuxpeFio was of 
direct benefit to farrrers and consumers, but it 
also exerted an indirect and more far-reaching
effect. The concrete demonstration that maize in 
West Africa could be improved through
introduction of e:otic germplasm gave impetus to 
variety development on the continent and 
provided eloquent testimony to the wisdom of 
putting maize research on an international footing, 
as was being done with rice and wheat. 
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In -Questofan; Ideal Plat Type
 

Though CIMMYT maize breeders had high hopes 
for the tropical qermplasm they were organizing, 
improving, and distributing around the world, they 
were well aw,2re that this material had serious 
drawl acks and that its usefulness would be 
cnorrisider ably lessened until something could be 

on( ii thf rr was thatabout A major problem 
tropical maize is generaliy too tall ind has 
relatively high e ifr placernor,'it. [wo obvious 
consequ ences of these tra:ts are difficulty in 
harvesting and a tendency for 'he plant to lodge 
under heavy tropical rains ard high levels of 
nitrogen 

Fhe Maize Program resolved to 
develop a more efficient tropical 
maize plant that would permit more 
efficient use of inputs. 

Another problern was; that, although it converts 
solar radiation into dry matter with roughly the 
same effectiveress as temperate maize, the 
tropical :raize plaint, in partitioning that dry 
matter, channels a lesser armount to grain and 
greater quantities to other plant parts; hence the 
lower grain yield potential of tropical maize. 
Bearing in mind the means by which maize 
production had been vastly increased in the US 
Corn Belt during recent decades, Program 
breeders foresaw what an impediment the 
inefficiency of tropical maize could be to 
improvement of the crop in many Third World 
countries The rapid growth of US production was 
due in large part to the capacity of improved 
temperate genotypes to respond to improved 
management, consisting of higher plant densities, 
increased fertilizer application, and improved weed 
control. Neither component (improved germplasm 
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or better crop management) was completely

satisfactory alone, but each was 
a necessary

complement of the other.
 

This lesson was brought home during the 1950s 
to the many national and international 
organiations that had begun to promole the use 
of fertilizers for tropical maize. Iri one such 
project, Ionducted by th, Food and Agriculture
Organization (FAO) in Nicaragua, farmers
 
adamantly refuasod 
 to adopt the new technology.
Their rejection derived, riot froin stubborn 
resistance ro chango, but, on the contrary, from a 
caieful examination of fertili2 r's efliects on their
rnaize crops. While improving grain production

orily marginally, fertilizer caused 
a ''Green
 
l:t"volution - in stern growth, which shot the
 
tiopical mize plants Up 
 to even greater heights

than nsnal anfd exaggerated their already

prorowiced 1t.nd(rcy 
to lodge. The ;.iissing
oeloriint ifn this and similar projects was tropical
vatieties rsem hrg the temperate type, a more 
efficient planl that would permit more efficient
 
US1; Of the inputs that were becoming mare
 
readily aVilable to fairmiers in the Third World.
 

By 1968 Maize Program scientists had sketched 
the rough dimensions of the "ideal'' tropical plant
type and were resolved to make the germplasm

conform to their picture. The plant they imagined

would not, of course, be ideal in a strict sense,
but would possess many characteristics that were
considered important for most maize farmers in
 
developing countries, such as 
a short, strong

stalk, lodging resistance, the capacity to respond

to applied nitrogen, a high ratio of grain to fodder,

and resistance to major diseases and insect pests.
At that early stage, however, the determination of
CIMMYT scientists to effect those changes was 
not matched by a high degree of certainty as to 
the best method for doing so. They were still
groping for the most suitable approaches to maize
improvement in the tropics and, quite logically, 
gave this search even higher priority than the 
distribution of germplasm to other improvement 
programs. 
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A number of selection schemes were applied to 
Tuxpefo germplasm, among thern mass selection 
in Tuxpe~o Crema I, a population formed in 1965 
by plant breeder Elmer Johnson from a collection 
of the best available germplasm of the race. The 
trouble with this and other schemes, however, 
was that selection was practiced for grain yield 
without taking into account the competitive 
advantages of tall plants. As a result, plants 
became taller and later maturing, thus 
complicating the task of intensifying the 
managemrent of this tropical maize by means of 
increased fertilizer rates and higher plant densities. 
Mainly for that reason, mass selection in the 
Tuxperho population was terminated in 1970. 

Opting for recurrent selection was a 
little like taking the stairs down rather 
than the elevator, but the time and 
effort expended were more than 
justified by the results achieved. 

As they proceeeded with testing of methods for 
genral utility in naize improvemlent, Program 
sci ntists be(an investigating three alternatives for 
the specific putpnse of reducing plant height. 
These were (I) cosses between TuxpeFio Crema I 
and various sources of the dwarf mutant gene 
B3achytic-2, (2) crosses of that pOpuLJlation to 
oter g trlnpla.m, such as the population Antigua, 

thal was already characterized by short plants, 
and (3 ) direct selmution for reduced plant height in 
hIuxpemo Criema I 1That population was a natural 
candidate for the work in view of its relatively 
good responsiveness tc high fertility and its 
inhetent tendency riot to root lodge. It already 
had an edge on many other maize materials in 
two key features of the plant type the Program 
was seoking to develop. 
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On the face of it, introduction of the dwarfing
gene must have seemed like the more promising
of the three approaches, particularly since a quick
reduction in plant height had already been
 
achieved in wheat by 
means of a similar 
approach, using the Norin-l0 dwarfing gene.
What hr heier brilliarit idea n0wheat, however,
failed to shirn in niii/t. As,, too oftenis the case 
in plant broediirj, inp)rovterert in one 
chIfach.risht prov d rletrrriHni to others Plants
into which tle Hr,jb'ytic 2 gen(, VVs irtroduced
had greatly .jhortirfod lower int!rrodes arid were 
therefor, mor r.sist-inl to Ionhjing But they a!so
tendfed to giv low yields, were late maturig,

showed ir(.reased barrenrtness, and 
had an odd 
appearance that was ht'ss than pleasing to the
 
breeder ' trained uye. Ev!e 
 had they lacked those
disadvantages, plants shortenred by ieans of the 
Brachytirc2 gerie would rapidly hav. lest this trait
through onutcrosslrig to tall local riateoials. 

Although work with the; dwarfing gene continued 
for severtal yeajr.s, recurrent selection over
iirniro, (cy"les to aCl(iev gradual redJctio) in 

plarit fheight turr.,' out to he a- more satisfactory
aplproac(h and mo e eliicrent tha crossing with
short propuJlatir)ris 'Xcl as Antlqua. Opting for the
re'Ctirrert seloction scherie was a little like having
to take lh? stairs down instead of the elevator,

but the tirie arid efforl experl(ed( wei-e rmore than
 
justihied by the rihts 
 achieved 

That progra, which roritinired for 21 cycles

lending only ir 
 19/9), was an offshoot of mass
 
aIection in luXpeio 
Criiirw I. During 1967,


superior farrulics w ,re culled from 
 the third cycle

of mass seectior to initiate 
the project for
reducing plant hight. CIMMYT scicntists rightly
surnised that inore rapid progress could be made
in inproving the populatiori by selecting mainly
for that trait, which was a chief feature of the
ideal plant type and which they suspected woul0 
prove to have a direct relation with several other 
desirable characteristics, 
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he Downward Driting Line 

In retrospect, their suppositions seem eminently 
reasonable, but at that time the eventual outcome 
was far forn guaranteed. Several pointed
questions arose that could not be answered with 
certainty for lack of empirical evidence. To what 
degree, for example, could breeders alter the 
height of the maize plant drastically without 
hiridering progruss in the improvment of other 
traits? How could they influence the distribution of 
nutrients taken in by the plant among various 
plant parts? Would not short plants be inherently
early maturing and therefore lower in yield 
potuntiaI!? And would riot numerous cycles of 
seltie ir itoi slier t plants eventually exhaust the 
(it rielic variability of the population for this trait? 

Any (doubtS ab(OUt tnr: wisdom of selecting 
repe;atedly for short plants were laid to rest by a 
two-year multlocatronai evaluation begun in 1978 
with cycl, s 0, 6, 9, 12, and 15. In that study,
Maie Prograre staiff observed a 37% linear 
reduction in plat height (from 282 to 179 cm) 
over the 15 cycles F--r from diminishing other 
desirble traits, this reduction irnproved the ability
of the population to respond to higher plant

densities without lodging (the density resulting in
 
rmaxr irrni grain yield increased from 48,000 to
 
64,C};; plants per hectare), while educing
JDarr c ni~ess. 

Crema I
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Elmer Johnsov ir a demonstration plot of cycles of 
selection for short plants in Tuxpe~o Crema I. 
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Largely as a result of those improvements, yield 
potatial at the opiriLurn plant dencty for grair 
yield was increased at a rate of 4.4% per cycle, 
while tine to maturity decrease,d by less than 
0 5% p(er cyce Y(i ld inr'- rea:-es were observed at 
all three test sites, even ithough one of them (near 
Ciurld Obregri(-r, Mexico) is extruniely hot and riot 
vfy oroductiv bor rfia01'e, siestirl that 
r( iJrjcird plart liugiqbrtoi,(t it ajotu t sori 
irriprovfer erit in strenS tl rr- Morn. ,vur, in 
arnother stu(dy Of horl )I'a/[ sile(cte.d fromn 

lo.pnno Cretnia I (corinfiutFr
1 uri farmer:s' fields in 

V;racrtz), it d.nnom'n Irhtti tu yfield6n ,it 
ric:plahly ii:, r trnd r nor.li nS of liiw nitrogen 

itjplj)l rn po'rn w.ed eoriiol Yhone, results 
!ridicali:fd tiat Itn: poptilkitior! is will endowed with 
i ;ilrfstablhy ; ifn'lu l t'mhereforef be of particular 

value, to SIn: i-sce farmers irn ih(, tropics, where 
Inai/i- coWir ;()ndiliwnri are often marginal. To 

Owii/i:t he1;aillnr yiel [itenina of this material, 

lJlo v ir, frfir fihive" tt)itnt at higher densities 
0i'nan ie nsmhii y i: niar inT1 It Iraditional maize 
f:,rrnnhog ml Iitrii)i!c;n 

In alternInq] the appeatance and 
porforrnaf e';eof Tt xpeio, scientists 
had essentially Otucstthis pre-
Cololnbian tropical race in the mold of 
a modern, improved variety. 

Ilw incfce; in yield pot,;nlntal was niccoripanied 
by wel.)one iijunlriiweri in lhe finctioning of the 

n plant., I rin.l sijrificant ufrn was that, 
as Otw pobpilalori bec;riew shnt(r, plants began to 
allocat! a s aler )0p tin of total dry inatterp 1 to 
lthe st(ri aind .iath arn a I;urt.ariount to floret 

and ktrnel vti(J iO[un,1ilt. tIis shift in resources 
was sufficierit to boost Ih larvest index froni 

030 to 0.45 (corripaild t) 0 0 to 0.55 for 
trliperate g]errriplasr)il btwier the original and 
flfteenth cycles. In thus altering botth the 
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appearanc and performance of Tuxpeo,
CIMMYT scifnists had essentially rccast this p e-Coluibian tropical lanracu in te rrio!d of a
 
fn()dUln, irproved virir.t,
 

Ore)r 0 ( tI rf-;? ] t(,ef r1strt rised (abOLJ ' dotthl. 
c;fde lmrl for short pro, ; thiu !1 w(',ld

rr[jljH
! rrt'1 Y trarll phU ,lt1 ofIjJi(J 
 I,;[oj t .Hltc v,Jrh0iiy 
fr Owl, r~tit !hitt)!ffi(,mrs (odl(% 
((((p Sft if[ i i h :r( I. IJIlU to tht.(Jrrlotwrt of yield
pIovn n~!~I t i (( I thf(


ftor n ;o plai 

n (; I nfnromrjh s(d!ction 

it[ t lhlm mIrnan mie: ua';e In plant
himnmjihovfr 1 ;yc !, (;Itr ridI n vvwml.t, i:(;ordirqi
h uIl rn i hnm*, (:omrtlrtJmfiJ (vtr . cvc ! 183) 

v:nnnatreri I nl(minh! hmi jhf ri ih pn .itr 

(cml 
(t/ha) 

300-6
 

Plant height 

250 

0,, '0 Grain yield 

150 3 

3 6 9 12 15 
Cycles of selection 

Effect of plant height reduction on grain yield (atoptimum plant density for yield performance) of Tuxpefio
Crema I. grown at six location/years in Mexico, 
1978-1980. 

5 

0 
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Long before the later cycles of selection for short 
plants, maize researchers had already begun to 
make use of the Tuxpeho germplasm employed in 
the project. Out of cycle 7, for example 
(completed during the second season of 1970), a 
progeny trial was formed to test the progress of 
selection and was sent to several countries, 
including Zaire, where CIMMYT was involved in a 
bilateral project. Researchers there selected the 
10 best families from the trial and formed the 
varnety Salongo. In much the same way, many 
varietius were formed from cycle 11 in several 
Central American countries, including Hondure~o 
Planta Baja, ICTA B-1 (Guatemala), Tico V-1 
(Costa Rica), and Tuxperiito V524 (Mexico). 

Later cycles of selection were employed by some 
maize breeding programs to reduce the plant 
height of 7uperior local gerrnplasm. Researchers 
in Costa Rica accomplished this purpose by 
crossing cycle 1 / with their own rnaterials tin 
what proved to be an efficient alternative to many 
years of recurrent selection for short plants), and 
sci rtists in Panama carried out a similar 
p,ocedure to develop a variety for the Chiiiqui 
fegion 

Countries in which varieties or hybrids containing 

Tuxpeflo gerimplasm have been released. 
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Parliy because of its manifold effects on thesubsequent thinking and practice of the MaizeProgram, the reduction of plar'r height in Tuxpehocontinues to benefit maize scientists in developing
countries. Products of this work are wellreprescnted, for example, in CIMMYT's current
maize population 'rnproverrient scheme, which
took shape 
 in 19/3 and since then has resulted inthe development of more than 850 experimental
varieties, these and other materials from the
Program have contributed to the development (t
more than 150 varieties or hybrids (about 45% 
 ofwhich contain a substantial proportion of Tuxpeqo(Joirirplasrn) by scientists in 43 countries. Inaliriost all of t ;ipopulations being handled by theri~ .'neiipiovenirit prograrn, plant height has


hr en r(Juced according to the same 
procedure
,ipplid lo 1 xpi',rio Crema I. The eleventh cycleof i!lC'tr(ri population isin lhat now designated
Population 2 1 (]Iuxpeno- ), and cycle 17 hasbe(;oni, Population 49 (Blanco Dentado-2). Manyother populations consist entirely or partly ofFuxp;.e o ge rinplavrn rnerived from Tuxpe ho Cremna
I or Ottr SOLr cs, lhis germ plasni has also
proved useful in the Maize Program's work on 

17 
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quality protein raite ar d istloe basis for QPM 
in Guatemalavarieties that have been released 

and Paraguay 

Anotier tlega(y of eaily work on InTxpelo has 

been a serli(.s of special bleeding plojects (with 

varying re!ations to lhe mainstream ot maize 

impioveernt at CIMMYF), which have employed 
and in some sense derivedSIipxuFio geimnplasrm 

insp)irMtion frOi the program of plant height 

ii(jii:tnon, ;cijqg none of the nmote recent efforts 

hive had (pite the impact of tMat project, each 

ipresents an mportant step forward in
 

gi rpl)lasm improveeni
 

Partly because of its manifold effects 
on the thinking and practice of the 
Maize Program, reduction in plant 
height continues to benefit maize 
scientists in developing countries. 

leaf size The work on plantReduced tassel and 
height was not the Maizt Program's only attempt 

at getting tropical indizte plants to channel more of 

their ntutrielts to thu oar rather than other plant 

[);rts and thkis to becomei imiorw efflcient users of 
1915 a project was, initiated inreSo)liciS 1l 

andwhich Trcurrent selection for redutcedl tassel 


leaf site was carried ouit ov(r six cycles in three
 
FuxpeFo- 1) to accomplish
)opulalions (ilJdirg 


thai sarri(, (1nd
 

le succ(:ss -'selection for short plants 

coriirmd thew .erer alprminciple that diminishing 

the flow of nutrints to on, p)luce by altering a 
would force them totthesternA) 


go sorre.whtire else and that a plant could thus be
 

made to assign highur priority to grain production,
 

Program scientists reasoned that this principle
 

Might he applie'h to additional plant parts and
 

decided to test the assumption with tassel and
 

)lant part uiCh as 
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leaf size, two other characteristics in which
tropical maize is excessive by comparison with 
terriperate germplasmr
 

Incoricenti ating o tassel size,scientists were 
supposing that at
kind of war of the sexes was 
goig on between the mnale (and female flowers in 
Milze over control of notrernts. Itfollowed that,
by c(urtailing the flow of nutrients to the tassel 
(throioglh selection for fewer tassel branches,

restiltiro lion i)din rediJ( its apical dominance),
 
more of t(ll:! it.
c,
oonc(!s could be made available 
to thW r It waIs also thought1 that large leaves in 
ttpper parts of the plant shaded leaves near 
OW eu(j,tfins loading to reduCUd ear growth 

that hn, of thinki j proved to be essc itially
cin(ri,:t, and sehction1 for rc'ductdJ tassel size, leaf
si/o, or both hroi(lht about 0010(:i the same sorts 
of ilrlpO (v had siltction for reduced plantetrlrrlt as 

hilht, tho(ughI ita slow.r 
 rate of gain per cycle.
As the iniuber of tassel branches and leaf size
 
were lessi i-l throtgh selection, Opi)trrLt plant

dernsity fto','1iM1 as grain yield
as well irc;xiiuu 

Were tricreasif Iruproveirnt in yield was largely

lb reut ifg proportion of total dry
it (roater 
rriatter icirig tiartitioried to tlie (?cam 

Drought tolerance Recurrent selection for
 
drought tolerancfe was ariothui product of the
 
successful rmarriage it) CIMMYI's Maize 
 Program
between plant heding and physiology. This
 
project, fiowevr, involved a somewhat broader
 
and more comlplex application tian had been 
tried
 
before of lessons learrned inthe work on plant

height. 

Selection for changes in sone typical features of
the tropical maize plant had, among other things,
led to inprovement in stress tolerance. ''Why
not,' asked Program scientists, ''quicken the 
pace of improvement in that Irait (a critical one to
maize growers in many developing countries) oy
concentrating on it nore exclusively, m' ,chas 
was being dcne to reduce plant height?' 
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The first order of business was to choose a 

population for imptovernent of tolerance to 
drought Cycle 12 of selection for short plants in 

ti[x puce Cr eiria I (under the name Tuxpeho 
se) r ed to be the most prorilsingDrouglht 

caiifddtteh for this task b(,cause It had given high 

1i1i1 stabl yields atcross rrany rainfed sites in the 

Ma,,;e Prograr's hrst se t of Experime(rn tal Variety 
As in the otherT1,ls (EV]s) conducted in) 1973 

n)roJi(.(tdiscuSd abov; scilntlists' aim was to 

1e:iir;r l)licat(:d and unise rTiphyiological 
in this case its,onditiorns n the maize plant, 

albilitv to endure moisture deficits 

I ,,
 

Gilvez Marin determining extension 

of leaf and stem under drought stress, one of five 
Tuxpeiio Drought. 

Field assistant Pedro 

selection criteria applied in work on 
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Since it was 1iot feasible to select for this trait
djirectly or a large scale, indirect selection criteria
f ad to be forid Of the rumerous possibilities,
s'lcirtlSts setti:rJ upon five indicatot.:I 1) rates of
tlSiu (.elniritori, 2) ;yrl r riif,matirrr of male and 
fN.rile flow ,rln , 3) rate of llafdeath, 4) yield,
ariit hIti:rrIfOltrr, of lhe.,crop cariolfy All of 

(i:;:(:Jfif![ iJ(2i1(
J f;irly ratjrrhly, arid 
ill.:1ilJrirrr tll;/)
forly (ira , (;;riopy tolriir-ttre ' 
o,tuirir iIfd., filef t !ji)fewI ;rlhiMa SI.'li: 

" r1tjitiiy ( riori fidaih rnhti: tii iri ffam , el.ction for
ri iii i if; d trit leilft ir tM;asl 1i/i' But alllive
 

I,,Io Wil
J fllvi f ol!) pi !;iio ilid y 
rr -,1ifi sj ofj1il lIof Itlrhi hl 

,'..,i,itV lJ,
i~it or, oI 11w, r iji i vi.t(i joeei

"' ifrd ,)t;A tf:r , i s (irIi
if irriprov(r ient, a 

, ,1 [I r hfire(:io
[fllt li leve:ls of 
'iir',ll i,
tjr;m V (l ii fht l;tress,

ihijIIl Ill tI i'(i.i(J hro li/,yrlic: iir of
 
I lr nitl , h)ii 1
:1 rm ;,;arid i olught 

;Io r i iv,- ,'ihif ni l o ) Yi~/ per, 
Jr)1 '11.(w)rif 


, ti.eirl,I 

; ,'l 1: 1"VJ},lln iirI al f six i'y;lesi of 

r, ti: r-th!of ilpr iv(er rlt
 
ljriJ)
f o,v .tfIhro tl it yIrW , thid faillenrl off
 

11K iii,.V~, ,t
.l ip0,tl
ii ,l JIhrop if)thii population's 
vii,ttir lf)rlle !rji;t heltlitncl wl f( d A tdy is,:tjro+rltl,/
tw)(1li ( 0rd f ,[htdI') 01.,~ll1l1( 


It Iitl r;ti,h iri;t ltC IMM Y , rr)', rr frat . 
r i 'i,rtii rtri(( jI rl '<Il: d ;Xsri,i n phlJSe 

tiiihi li: , f l, iifdop o/jir ,ofwi;
i, 
 (11)i lll 

trnp'(, t v'Ith 1erie IOe nitftI lii, are hun ilthlwml 
'il r l ',iIr l' vvitfi ;I(iif ifrtrl lrit:rfis ul ot
vWdi;i I,; Iatl ts:,i t',p ifiion /;), iriolth er
 

I! Pe" li itlil r l / ',rf.wd rh w a ;wver ;I of 
inlviovv i , i 1 furiiliton oiref a;i I il

,rifitrhiili "f il t rt,i!5iitIiit [)()()l, a hi'()rmJO;ito ofViV1I0111; + of)~(3) drowif/ilt tr,rilrlcfth i willw I be 
(oy+'(J to) C! I

H o'f n ir~e;l
i I tjxfw:ir) 

fin otght 
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Resistance to maize streak virus--With the 
reduction of plant height in Tuxpeio and other 
gerrnplasrn, tropical maize acquired the form and 
other essential features of a more nearly ideal 
plant type The aim of much ',ijbsequent breeding 
work by CIMMYT maize scientists has been to 
,dd important finishirg touches to the germplasm 
that will increase its efficiency in the use of 
resourc(s aid riultiply its utility to maize 
',eomntfi-t, ajnd fariiers around Oie world. 

Finishing touches are being added to 
improved Tuxpefo germplasm that 
will ,ncrease its efficiency in the use 
of resources and multiply its utility to 
maize scientists and tarmers around 
the world. 

l,velolpr'writ of drougHt tohorarice is oni exaiMple 

of triat type rf vvork, breeding fo, disease 
ire!l;H ( is ;iriotieur Bioth are critical to the 

frrlMrr iorie t of y ;Ild stability, a quality given high 
Snilty by ins)t fri rnrs in duvelopinq countries 

Ii ti#, e ,- p cially grit where, in Africa, 
Int(t it, [iWr: pests, and dliseases cause vl(,ent 
lhk1,ttiil{ ,s ir)(:re[) yields, leading to severe food 
,hointa?, i (ine yija- andI ic tarding progress 
towaril a heiof(e vigotous ajriculture over the long 
tfi ni Geet(lc reistance is tie cheapest and most 
ptactica)l rrtians of stabilizing African rnaize 
prouC tioLn, ITnview Of tie( liii ited use Of fertilizers, 
ui.sticide;, irrigation, an+d tfhor ieans of 

protCtlIg anrd irproving the rriaiz crop It is also 
C!rer isit. for wirier and inure efficiw-,t use of 

uhOse.Input,s As they hecorne more readiy 
available in Africa, tfere will be little incentive for 
farmers to purchase theit unless maize varieties 
are available that possess some i iherent 
)rotection against canditions that in a matter of 
weks coulrd wipe out a crop of nonresistant 
maize and cancel any investment that had been 
made in fertilizer and other inputs. 
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Although much work remains to be done, 
particularly on drought, excellent ptogress has 
been made in tIhdevelopment of vari-ties with 
resistarce to th( rilize sieak virus (onno of the 
tmore econornilially dairrinirig diseases in sub
Sihara-ri Africa), rid thi are now being 
det(lOved by ia/e iinprovw;rritrit prograrns across 
11 (;otitirit !o ri a tha sta ,hch ' i veral paths, 

wonH' takiri by sninnrtists fhrti CIMMY I and the 
Irhfriaion;fl Irlilitou of Fri iCfal Ajrculture IITA) 

ar r so-j ic(; ['rforanf-i,I (.((1t,,il'. rhji :{)ri;;lista 

Login~r ihiJririij i.h8' OrGn aptunroacl was5 recurrent 

ii)),fJr1 fn ii ,1it .' a'; alnoady iriuch ii1drrarlrd
arwl g /',n:'ir m nl/,'[.)ro(rrs. Snrlct frialzefi( '.jra 


crtak virus ic founrd olfy inAfi;ica, it was decided 
thiat rt,-w;i itii-'l,t ull h1 d vo.loperd rost 
,.ffic(ifnitly in I Pi;tJhy )hiiftiric,, in pr o Tvemint 

vvin,: ht(i CjMMY1 [ ,tlow-;in Mexirc) to1IITA
 
l i (gjq i; tit
Hr Irn l fp!rld llr ,thr: -opiflation has 

Comparison of streak-resistant (SR) varieties with 
their nonresistant counterpart: under artificial 
streak infection in Nigeria, 1983 

Grain Streak 
Variety yield rating 

(t/ha) (1-5)* 

Poza Rica 7822 0.9 5.0 
P.R. 7822-SR BC2 7.0 2.3 

Across 7729 1.1 5.0 
Across 7729-SR BC2 7.1 2.3 

Poza Rica 7843 1.5 5.0 
Poza Rica 7843-SR BC2 7.4 2.5 

Across 7728 0.9 4.8 
Across 7728-SR BC2 6.7 2.3 

Tocumen (1)7835 1.4 3.5 
Tocumen (1) 7835-SR BC2 5.1 1.3 

1 re.;istant arid 5 = susceptible. 
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been subjected to artificial infestation with the 
leaihopper vector of the streak virus and selection 
practiced for resistance. 

lh; approach proved to b0 extreTly effective in 
caprtaliiirgj o the genetic variability for streak 
e;;ir(ce thiat was detectotrd in La Posta at the 
oit(;t Of tofi programrr Whereas in 980 only 
I 6% of the -,lcted families had plants showing 

in 1984, aifer lre cycles of 
sIeCt HIrI, e.very faiiily screeurd at 1iA had some 
plrts wihl Atr(ak .i.itrieo. Now, after further 
,;ihectior, thi rew;stance withinh.vi(of st.';reak 

limriihi; i:;evr, tigher, ,rid varielies are being
 
Jerlved fl,) the peplatiori fordistributiorn to
 
,frrc,;; mQ.in; i im.ritists
 

()tliir rni;irs of(tdvif'lopniin str;i , rW;!tii:JC(! rely 
(;avily ori tuxpjmhio a& w;ll Or i those is to 

,iid resst;ir; thrmiijh th;jc(keross'ing to 
(;x foirml. ( Nom va)rio)usi~irtl~ll|]V iiri(I(c,! A 

CIMMYi in 11 A poplations. Of thi dozel 

S)(t'lijlnsrivolve(J, ne.arly ia:fonsist partly or 
iitnrf.ly(if [Ixthio tjiuriplisiri A rnumber of the 
i:imriVimr( beield' v;Jitlr?; trsiV('i tisted widely in 

Abica, ;i iimi r ii a;ir 3lready being multiplied and 
rih,u(d li fariin; iii B(;eri, Nigeria, arid Togo. 
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Concl/siifl
 

IVhe task of putting finishing touches on improved 
maim/ populations will, of course, be a never
endirg one Many important modifications in this 
feir iplasrn irew complete, andstill far from 

ihr.rerous other challenges will arise as maize
 
pr)dictor, in Ihe Third World evolves and as
 
iilli/e SIJ'er1It;t', C(ii)ii., to Understand niore
 

! I II r i hie
 
w -)rlrl".; ritimi.iowt imdr t;:.lrrrldy (Jivurse rraize
I)erftn l'tIi (t,It itlaei ,(Iirenifents of 

M(e tin thlo c:ia llet vvillit;t reqoiro, as it has in 
thi! Vvi; ouils tOti ollf l:oollcrati)n betweenc)1 
(lrA rI ;lt lfrid tleir colhi!iilu(s innalional 

t',;(il:riotits d ,iirig ; 
tl~c[Iflt I[l) 101 1(J rriiterial, 

li(tlhi)i ;lljt i In so a rijd 
l III(t'Ill(.uT1I)I0 y1I O ils 

ll oflit,i '.io:i (ciii'rilie rvtah .ePioqrarl'!; work 
Wl:llh if)(/ th U(I ShOIT(I 

Researchers must keep in view the 
difficult realities of maize production 
today in doveloping countries, while 
sh,ing farnos"/topes and making 
provisions for changes tomnorrow. 

(jet: t ji iii eli Iw riotin n ideali i hq jei of 

plaill, Witi ilit', ti the work withi d( ill 

ltilp(:ri i well ,J!; Staff of
wilh ,'l1r iiniteiiats 

Prtiiai or'it(ti!Mi/ will p iii their efforts to 
(h-vlhp (hi:iiiitlli r lihit w;lp rildt to ftirrtilizer arid 
ifh(u rIrrl (.v iii I i f)l (,ilp 'liiiin iqir iri lt ut that, 
h, viitm of it tolIlaril: ti"y micat !;Ir!sses ano 
rii'-;,' : toi; il( ,,toi(w iirelf pests, offers a'.;i. t 

vliii aqi tIie relO lity 
Inrdlf Iviltpn(f who ito 

;idi to (]rt;at of farrrmers 
cointmle not have access 

to 'lhetmi(;Irs ( prteclin th rth1aie crop and 
improving itspioductivity. Bin attitude implied by 
twuis jal will also) rermain un:hanged, namely that 
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rnaize scientists must keep in view the difficult 
t.ahit. fImaize production today indeveloping
 
countries, while sharing farmers' hopes and
 
makingj pm elisions for beneficial changes
 
tomrrow
 

ond 
whoh, los of wetk wil 1uxpe io and that will 

t,\ ;iAir( limiii that cm)1)(,, traced through the 

to CilfiilS(riz(; ii/Si/im(m 
CIMMY I i,ai11 thit e,,v-n seeinigly rerote 
lrmminthrs'; (i )fjCiIVis 

W)ttin ( i/tm (.esearch at 

:rih( ;o:icornplisheid ifthe
 
!11howirii) tlimi (ompnirnts arc pres(L (=1
)
 
sipirio r iF)'I 0 (2) ,fficient breeding
 
ot~ m i ((3) iira(ignativo, inrovative
l()fi..)i 


I lJol ih tilt;ttort; of friarly feseir,;hers over the 
y'ai", tlb, fst ciortrto.rnt hajs 1:i)made a 
l+Jr;i t hatoim,of the Maize Progamr which is 
riio\ w >i0(:ki!d with supioro gormrtlasr. Of the, 
niriiy m;t(,riiI!; ivailIab'e, [U rX(I'O, because of its 

I ' 

.b.'1
 

Training officer Willy Villena with participants in a course 

on maize improvement. 
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proven utility, will continue to he a principal

(liar actor in the s~tory of or uzo improvemnent for
 
ilt.'uldofirq counrieus.
 

c(r tiiiri of 

:tilrionot, l; ci f)ihith 5tpi(;"of JLIsttwr)
 

(l,:i~frS ;it ( lr1fY7 an ti cither
 

iaib faijrly thu, second 

r~irifi 

itti va-ril~iis for 
iacConid:, !or 1rilhit iri all of th(. 

sfiii~il a 

%v~P( tichrll(LiiS improving 

p0~c~t;tiu~iisufirl thu.' p(UlIcation 
ci ilr~lrf\was iopti ni It is primarily 

i mAithwtf~ oI hrt,s i iq'iiato si tncj (?iso 

((n(fa't~ ,(m ii th oiip rar hoitinOf , (v1irill 

I tY iy.~ (5 l lt ri iiirt,;f aifi ~ic o 

1ii~inrllliilils wtif it tfo~rti nr i-ii ripl~ 
iii u t tiil (lltmin ii f I' ifd Jrmn[n) isriatth 

ms~llitiliir
t i ,lo fillron(1: ifniiuincu 

(''i A :,t iiiiI~~ if(i-iiihvh of in w l 

!,1.It A':llriirr;~rlrr 1 

11 lllli. t trl!~ntsi 11 ()liiyan o ll h 
id r)(1, i inn tolionsi iii tt thenrsnvn 

ii(Iit ( i~i~( ( trd CI M27 
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