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During the past two decades, the agricultural 
sectors of many developing countries have 
undergone a profound transformation, with 
traditional modes of production rapidly giving way 
to modern, productivity-enhancing gricultural 
technologies Although this transformation is by 
rio nioris complete, science-based agriculture has 
improved thu eiell-being of literally millions upon 
rillions of fa, mers and c(Onsuifers ini developing 
(OuntrieS Playing no small role in this 
trarsforrMitiorn w(ee the short-strawed, high
v\ i glri.. wwals developed by CIMMYT, inbread 
(concert with national crop irriprovemient prograris 
airOurid the; world Hliwidespread adoption of 
tii,;5e co ipor rts of nioder agricultural 
ticthnology fresultd in spectacular increases in 

whl production in aj riutrriber of devloping 

Veery lines combine higher yield 
potential with greater yield stability 
across a wide range of environments. 

This publication focuses on one of many 
impress (eachievervents in wheat breeding: the 
developrnrent of the cross Veery More precisely, 
it explores the: question why the Vee'y lines 
constituto an outstanding achievemrnt There are 
basially two reasor: Eight years of international 
tliti in nundreds of enviroriimentally diverse 
kCaits have shown 1)tiat th, Veerys have 
rmovfed hi.h-y lIdin bread wheats onto a new 
yield levl, soirie 10% higher than the previous 
level, anid 2) that tht!yi'iids of Veery sister 
selections am exlefrily ahle acros; a wide 
range of produc ton i lVIOrIriT nts. These traits 
are described in g retr d, tail ini the following 
pages; understanding their siginificance, however, 
requires first a bit of history, as well as a sense of 
the CIMMYT Wheat Program's basic operational 
methodoloies 
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A Brief Look Back 

The rapid movement away from traditional
 
agriculture in the Thid World earned 
 the name 
'Green Revolution.' For years this revolution was 
deemed a nearly unqualified success. [arly
adoptors Cf the new techr,ol;, gies, quitr ,)yically,
tended to bf tre relativel well off farmers who 
cotid afford the additional ii'JtS nieeded to take 
advantage of the higher yield potential of ih 
trioduirn varieties, ,is wed as the risk associated
 
with changiiig f,om tmrditioiil to modern
 
agricullul;d 
 yst;es Mary of those who restored 
his eafrly charn[ge anrticip;ited that the new, lmb 
)

l rOi (iCtiv tuClinolOniS would (uickly ''tricke 
down'' to poof er farrmnt s who coud ill afford to 
risk liicir liveihoods orl Llniroveil -,chnologIes. 

loward the ernd of the 19/0s, critics of the Green 
Rovolutilri htioli cliri ir , lhat esource-pooifarrlnc'rq vr fiisirr( l)YF 'ss,'rf' II] [tn 

tr[ris/(rr1)t (ri to iodwr0hi 1t;mWIillLJr;l syst[Onis.

M iriy i!i; ori,'; for sit,lorri werie ,)at forth,
lwtin W 
amorig thim i ida tlh,'t 1ie rne w varieties were 
thieniselve irifhnrently faulty The crics made 
Ilrgely uIrl st;mtli tted liirnis ihat high levels Cf 

Yield ft/ha) 
8-

Genaro 81 (Veery'S'f -

Yecora 70 CIANO 79 

Siete Cerros 66 * t av-"i 76 
Nn6 JupatecoNainari 60 \ / 73 

6 - Pitic - 8______________

SonralIi 1,,a68
 

62 0
 
Yaqui 50 CIANO 67 

5

1950 62 66 70 4 ' 8 82 '86 
Year 

Pushing back the yield barrier: Average yield of 
Mexican varieties under favorable management 
and in the absence of disease (yield potential trials 
ez CIANO Experiment Station, 1982-1984). 
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additional inputs were essential to achieve the 
much-touted production increases and that the 
"miracle" seeds yielded less than traditional 
varieties when the added inputs were Licking. 
There was also a question of yield stability in the 
more productive environments; after all, the risk 
of losing 20% ot a 5 t/ha crop due to some 
unforeseen event tends to be more difficult for 
[arrmers to accept than a 20% loss when the 
expected yield is on:y 1 t/ha. 

A frar> fl)jO(v(, of the CIMMYT 
Wheat Program ':; research is to 
develop "'input-effIcieni" and 
'input-responsive" wheat germplasm. 

The yield stability question clearly is a valid 
concern, both for farmers and for researchers. For 
farmers, it is a matter of being able to count on 
the new varieties even when production 
conditions are poor. Objective analyses 
undertaken since ihe late 1970s have shown 
rather conclusively that many high-yielding 
varieties (HYVs) of wheat generally perform as 
well or sliqhtly be(ttr than traditional varieties in 
low-input environmrnts; and, not surprisingly, 
they per forni signficantly better than traditional 
varieties as production conditions improve. 

For researchers, the stability question is more a 
matter of enhanicing the already stable 
performance of HYVs, and combining this trait 
with even higher yield potential. Stated somewhat 
dittcrently, a major objective of research is to 
develop germplasm that uses available nutrients 
a'nd moisture efficiently when inputs are low 
(''input-efficient'' materials); when inputs are 
more plentiful, this same germplasm can respond 
exceptionally well to the better conditions (it is 
"input-r- sponsive''). 
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By the early 1980s, CIMMYT had developed an 
impressive array of input-efficient, input
respons;ve advanced lines ot bread wheat for use 
by nai,''al research programs in their varietal 
development efforts. A number of approaches
have been used by the Certer's wheat breeders 
to create this a";y. Of these approaches, one of
the rIOr e prodt';tViwv has been the crossing of two
diverse gierinplasrri pools, spring- and winter-habit 
wheats. A high proportior of t1w better advanced 
lines in CIMMYT's wheat germpl,i:ism base, 
ircludigr. the Veerys, storl from the sprirj x 
winter crossing program. Before exploring in detail 
the winning ch(racteristijcs of Veery, however, we 
should first consider the Wheat Program's general
approach to wheat breeding, and spring x winter 
crosses in pairticular. Ihis will provide added 
insight into how the traits ttat make Veery
exceptronal were combined 

Crosses of spring- and winter-habit whaats are made 
using procedures developed by breeders to synchronize 
the flowering of both types. 
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xW/heatsfor Mavny Environmmets
 

In the developing world, whea tisgrown under a 
rranqe of ve;ry divers( p'oductioH Conditlions. 
De;iling with this diversity rernais one of the 
centrral clalernges confronting CIMMYT wheat 
br(,i(rlrs Ovefr the ye ars i suC(;cssfol strategy 
irrphisin broad 1idaptttorn ,vithin large,

rwd,IIvf!Iy hol()~f (Ls wifri(nrors (termedwout~l 


rnjiuja t-er'iforr~nir " has evolv(d The six 
rii icrivironrrw kis in targetingr os{t;by CIMMYT 
thit: (Je,i(tIOfnirt of hrtjal whe.at are the
 

f• lo Ir]l~ l( riD, 

l-int d 
sufficient tniorc thani500 rrn/cycle); 
R i!rivirorin;nts in which moisture is 

* Hljifiu tr!virorirlvits in Iicdr )ti(Jh[rit w 


stf -,softn nn isloss than
.,itni lrairifafl 

50)0) rnim (;y(:If.),
 

*lIi(jiltIlI.(!t ,r O iif t2.iJi (Ii;i, t 

i -;oil Irt hvici 

lifrnli(,by l(oxic(;JvM ,;of illt] tJnil
 

* AeiN aer.ns 'v wheit production is 

reqior,s inin .ldJrdi 
ncr;ases tov.ari the etriil are 

" iarrrir ni(:ti temperature 
of the crop cycle 

COf nIOr
 

Jo (Iiv\lop'jttrrniplasrrin for these rnega
,vironri ;uts, li( Center's Wheat Prcqrarn 
W:rnploys ii broetdirug strategy having foul 
interrelated features large nutimbers of crosses; 
,h1 tIIi tree(uCgl; hewavy disease pressure, and 
intern attorral, [lultilocation testing. 

The numbers game- During each breeding cycle, 
thousands of simple and top crosses are made 
usinq a broad range of parental niaterial collected 
forn many parts of the world The selection of 
this parental material depends on a number of 
factors, especially the perforniarnce data received 
from our cooperators in the international testing 
network. We should note here that the selection 
of parental rnateifal is not based on genetic 
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analyses for disease resistance or yield 
components. Rather, the mere presence of 
desirable traits r)rovides sufficient reason for their 
irickision in the crossing program, and crosses are 
of tui madfe without fullknowledge of inheritance 
patir.ris This upudtus corisiderably the 
qfjrrriolasrri fl.vu nprriunt process Sirmilarly, no 
(,rhri) iriql a ility sturdlit', p esn, are made for the 
.r(,r,-,,j1rqwfo! lrri iulf th-,.s'-eW exercises are
 

Irit sr~ritif'foi pjublicatiorn and a more
 
C'Oirip)~ti wirirstrrlffinq cf genetic interactions,
 
the,VV ::at Prigrpni has foujnd it more practical to 
substitute for uclh Lnaiyses many years of close 
ohs,,,rvaiir" ir thu fu-ld Thuse studies, after all, 
r: iot (:,ntral to thu Proram's primary riission: 

iru{: arid to cooperatingduOv,'oprrierit delhvery 
iritioni progrars of improved wheat and triticale 

Deo,,, ] i/Il (/1VioflJncfl l versity 
S011 0IN/ (-)/ f /lu central challenges 
conrontinqj CiMAIYT wheat breeders. 

Shuttle breeding Ge r plcsrri i screened and 
siiectjh (hiring tvo ;icl, uaci uar at two 

l 'iir I c 
i' rtriv,,:sttrn /o(rl tltijrajl Research Cnter 
(CIANO), nuar C5uao Oregon in the State of 
Sonora (27 2"N, 39 mi ahove sea level), and the 
Toluca uxpurirrient slation in the State of Mexico 
18 5'N, 2649 rn abovc sea level) (see map, 

pageu 81 Plantings are r-iade, at CIANO in 
[,Joverrihbtr and selection and harvest are 
comleted ir April Seerd is then shuttled 1850 
kil:rir south to TolUca, where plantings are 

[rriw, Od rito thiogovufnment's 

.tr's 


made ini May and June Selection and harvest 
finish in i:t.ljr and seed is then shipped back 
to CIANO for pIlanting in November. 

These two locations differ markedly in elevation, 
soil type, rainfall patterns, heat units (temperature 
regimes), diseases and photoperiodism. Only 
those breeding materials that withstand the rigors 
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of these two very different environments are 
advanced in the CIMMYT system; the rest are 
simply discarded. Hence, the shuttle breeding 
process in Mexico is the first step toward 
developirig broadly adapted varieties. 

Disease pressure-- Environmental conditions at 
CIANO and Toluca are such that, with artificial 
inoculation to ensure uniformnity of infection, 
heavy disease pressure can be placed on breding 
materials permitting resistant lines to be identified. 
During the winter cycle at CIANO, rains are rare 
but heavy dew occurs frequently, which is 
conducive to the development of leaf rust 
(Puccinia recondita) and stem rust (P. graminis 
trihci). At the highland Toluca site, frequent rains 
and cool temperatures prevail throughout the 
summer cycle, providing ideal conditions for 
establishing eridernics of such loliar diseases as 
stripe rust (P. striiormis), and those caused by 
Septfm tritici, Fusariurn grarninearum, F. nivale, 
and barley yellow dwarf virus. Occasionally, 
epidemics of Helminthosporium tritici-repentis, 
S. 'iodotum, and bacterial leaf blight can also be 
obtained. 

El Balan 

Primary experiment stations in Mexico on which 
CIMMYT conducts wheat research. 
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International testing-Advanced lines that have
passed the rigors of selection in Mexico undergointernational testing in more than 150 locations
worldwide each year; a number of commercial
varieties are also included in the international
nurseries. CIMMYT acts as the hub of a largenetwork of cooperating researchers, a system
enables the efficient evaluation of hundreds of 

that 

lines and varieties each year unoer extremef
 
diverse (:onditions 
 By virtue of this network, 
va eriet(.s arid (?/4)terirrental materials 

siimutaneui;ly 

are
 
turjected to many biotypes of theirnportart (i.-'ases ot wheat, and are also tested

under a range or stress conditions 

'7Jt(I V3,)flt~,J,, f/ )) r I: 1t</LI1tt (i U.I).Ch 

t~fiJlf(9f/f7/IL ! i 0 y/lOf11 St; 

T-no Center corupies the nurseries and distributes 

them upon re;,quest arorg network participants;
performance data for many of the nurseries are
then returned to CIMMYT for analysis and
 
publication (anumber of F2 
 nurseries aredistributed, but data are not returned). The

malority of the materials that cycle through this

testing system emanate 
from the CIMr,/YT
breeding programs, but advanced lines and
varieties from many cooperating national wheat programs are also included. Cooperators who grow and evaluate these international nurseries 
are free to use the germplasm in any way
deemied appropriate. The network thus provides
not only valuable feedback on the performance ofmaterials under diverse conditions, but amechanism for sharing experimental materials as 
well. 
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Spring x Winter CrossesN 
The spring x winter wheat crossing program has 
been one of the more productive approaches used 
to develop improved wheat germplasm. First, a 
quick look at the materials thernselves. 

Bread wheat gerroplasm has one of three basic 
grewth habits: spring, winter, and intermediate 
(facultative). Spring wheats have a continuous 
growth cycle that brings thenI to harvest in 4-5 
months These wht. ats generally cannot survive 
an extriiderd period of freezing temperatures. 
Winter wheats, in contrast, must nave their 
growth cycle interrupted by a continuous period 
of lov temperatures ithis requirement is termed
'vernalization"). Planted in autumn, winter wheat 

is ready fot harvest the following summer, some 
10- I months later. Without vernalization, these 
wheats remain in a vegetative state; tillers will not 
elongate, nor are heads, flowfrs, and seeds 
produced. Intermediate types have, as the name 
implies, some of the attributes of both spring and 
.inter types, and evolved to fit fairly specific 
environmental niches 

li spring- and winter-habit pools are 
prdoninant types. Each has its strengths and 
weak riesses relative to the other. Spring wheats, 
fur example, tend to have higher yield potential 
1)(er uit Of time , broader adaptation, better 
resistarice to leaf and stei rusts, stronger straw, 
and better milling and baking qJality; winter 
wfieats have better resistance to foliar diseases 
lother than leaf rust), greater tolerance to cold 
anr hieat (especially high teprnr;ratures late in the 
crop cycle), and better apparent tolerance to 
drought. 

h by far the 

lh idea of riakrnq crosses between these two 
geno pools is riot new, udone ahaviq been in 
limited rrariner for many years to introgress 
specific q.enes frorr one qermplasrn pool into the 
oier. In 19/2 CIMMYT (incollaboration with 
Oregon State University, USA) began exploring 
these vast gene pools much more extensively for 
the improvemert of both pools. Crosses between 
springs nrind winters were made in Mexico; 
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collaborators at Oregon State went on to improve
the winter-habit progeny, whle CIMMYT breeders 
developed the spring types. Veery 'S', a spring

wheat, is a product of this crossing program.
 

Breeding methods in brief-- When planted at the 
sarne time in the samre location, spring arid winter 
wheat s fail to flower together, normally rendering
inleasible any crosses between the gerrnplasm 
pools Two procedures are used by CIMMYT
breu, ers to effect such crosses. Firsi, winter 
whea)ts are sown at the Toluca station in 
Nowmbnner; the cold temperatures of December, 
,Janairy arid February achieve the vernalization 
rnecessary for winter types to head and reproduce.
By staggering the planting dates of spring wheats 
at loluc Ibeginning in January), it is possible to 
synchronize flowering for both types in May, thus 
allowing breeders to make their crosses. 

Under the leadership of Dr. S. Rajaram, the CIMMYT
bread wheat breeding program began extensive work
with spring x winter crosses in 1972. 
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A second procedure is used at CIANO Seedlings 
are grown in pots and vernalized fur 41, days in 
cold chambers (3-4°C) under 12 hour; Of artificial 
light daily. After further preconditioning at 8'C for 
a week, the seedlings are transplanted to an 
outdoor nursery, where electric lamps add Up to 6 
hours of extra light per day. Usirg this procedure, 
the winter wheats flower concurrently with the 
soring lines normally grown at CLANO, thus 
permitting crossing. Together, these two 
procedures enable more than 1 000 new spring x 
winter crosses to be made each year. 

Veery 

C 
0 

No 

~0 

> D 

CDD 

CD~ mU - m _ -rZ, bC:(0 0. L0 
S~ E O 

0 
C/) 

(1 Mca 0 (D 

-I +I0 0 C) WQ C M CiU O 

C
 

) Coo 

U -0 (0 M ~ >0 ZC 
n~ C GECI 

L0 Co 0 D 
CL (n 

only) 

Parentage of Veery 'S' (back to tertiary parents 
only) 
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The DevelopmeN of Mey S'
 

Veery 'S' is the most noteworthy of the crosses 
coming out ot the spring x winter crossing 
program. The process by which the Veery lines 
were _dveloped clearly reflects the Wheat 
Program's approach to breeding research. 

In thu sprinq of 1973, CIMMYT breeders crossed 
the Mexican spring wheat Buho 'S' to Kavkaz, a 
winter wheat frori the USSR. Fj plants were top
cro'ssed to a pronising spring wheat that 
corribiried the parentage of Kalyansona (an Indian 
varety based on CIMMYT's advanced line 8156) 
,and Bluebird (a Mexican variety). Certain F2 
proqery showed considorable promise and were 
aJdvanced for further observation id selection. 

Unknown at that ti e, these progeny carried the 
1 B/lI tRalelcatilon (the short arm of the 1B 
rOhroi sOrnie in bread what was replaced by the 
short ari of the IR chrorriosotme of rye), a 
change in gijrrtic composition that was to confer 
,t ialrige of irriproved porformnance characteristics. 
In 19 7/8 the cross was given the breeding 
narne Ve(,ry" and various lines were added to 
the lI'e.rritional Spring Wl -at Yield Nursery 
(ISWYN), which is distribait.j to sorre 150 
locations worldwide for i v.;i~aion. 

In 1981, ( ghlt years after the initial cross was 
rade between lih two gerrnplasm pools, the first 

threie Veer y-Pa s( variees were released by 
Mexii;o as Gl(nnson 81, Geiaro 81, and Ures 81, 
Pakistan also released a Veeiy selection in 1981, 
urlter the name Pak 81. lhe releases in Mexico 
were followed iii 1982 by the release of Seri 82. 
Since then, a riirnib-r of countries have released 
Veer y-based cJltivars (Table 1, page 14), and 
lhur is strong evidence of ftlieir rapid adoption by 
farnmrs During the five years since the first 
Veerys wfere released, over three million hectares 
have corime under cultivation worldwide. I Mexico 
alone, for example, nearly 800,000 hu!toes (over 
80% of Mexico's total wheat area) are now 
devoted to varieti s sterr i ng from Veery 
germplasrn, and in Pakistan the variety Pak 81 
now covers an estimated one million hectares. 
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Most Veery-based varieties are recent releases 
(1984-85), and their area worldwide will increase 
dramatically as seed becomes more readily 
available to farmers. 

Table 1. Countries in which Veery sister 
selections have been released, or in which seed is 
being multiplied in anticipation of varietal release 
(presented in the order of their release). 

Released Varieties Country of Release Year of 
(Names) (or multiplication) Release 

Glenns,'ri 81 
 Mexico 1981 
1981 
1981 
1981 
1982 
1982 
1982 
1983 

Cenaro 81 
 Mexico 
Ures 81 
 Mexico 
Fak 81 
 Pakistan 
Sen 82 
 Mexico 
La Molina 82 
 Peru 
Rusape 
 Zimbabwe 
Millalou Inia 
 Chile 
loerie 
 Zambia 1983 
Ganitoos 
 South Africa 1983 
Datsher 
 Ethiopia 1984 

1984 
1984 

Curdilera 3 
 Paraguay 
l..ira 1 
 Portugal 
Aruanda 
 Spain 1984 
Cart;iya 
 Spain 1984 

1984 
1985 
1985 
1985 
1985 

L I Cardenal 
 Uruguay 
Nurnidie 
 Algeria 
Noho Inia 
 Chile 
HUW 206 
 India 
R253 
 Kenya 
Viri 
 Tanzania 1985 

1985S ric 
 Zambia 
Pirsabak 85 
 Pakistan 1985 
Gicinya 


(being multipliedl
 
No name as yet 


(being nultipled)
 
No riane as y ! 


(being multiplied)
 
No name as yet 

(being mulli.r
ed)
 

* Probahk: year offuhna,';e 

Rwanda 1986' 

Bolivia 1986' 

Burria 1986' 

Turkey 1986' 
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Underlying the rapid release and adoption of 
Vueiy-based varieties are the two general 
performance characteristics mentioned at the 
bejinning of this publication: the Veery lines' 
higher yield potential combined with their greater 
yield stability. First a look at yield potential, then 
we will have a somewhat longer discussion of 
yield stability 

The rapid release by developing 
countries of Veery-based varieties is 
accompanied by remarkably rapid 
adoption by farmers. 

Yield Potential Very 'S'his convincingly 
broken throuqjh the apparer, ''yield barrier" that 
son have postulated for bigti-yielding bread 
wheats. The results of eight years of yield testing 
in vari)uIs ocatorls in Mexico, and inhundreds of 
locations internitiorwlly, i ve shown the Veery 
varieties arid aiv nced lines to have 3n average 
(Irietic yield potcnta that is on the order of 10% 
higher than other widely adapted HYVs. Fable 2 
(page 16) providts a cr-lparison between the 
yield ol four Very-based varineues and the HYVs 
Pavon 76, An/a, ,(rros ISWYNsand Siete in 

The int-'rational testing of Veery 'S' lines began 
in1978, arid since then a Veery line has been the 
top-performing entry averaged across all testing 
locations to which the ISWYN has been 
distributed; prrliminary results from 1934-85 
indicat-; a similarly outstanding performance. For 
ecmniple, in the 19th ISWYN (1982-83) the yield
superiority of Seri 82 over Pavon 76 and Anza, as 
well is over the best local check varieties, is 
striking. Results of the 19th ISWYN were returned 
from 65 sites: Anza yielded more thai, the Veery
based variety in only 6 locations, while Pavon 76 
produced higher yields at only 13 sites. Seri 82 
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even yielded more than the best local check 
varieties in 76% of the locations. Such 
performance clearly reflects a high level of yield 
stability across environments 

Table 2. Average yields of Glennson 81,
 
Ganaro 81, Ures 81, and Seri 82, expressed as a
 
percentage of Pavon 76, Anza, and Siete Cerros, for
 
the 1 5 th through 2 0 th International Spring Wheat
 
Yield Nurseries (ISWYNE).
 

Variety and 
ISWYN Number 

Glennson 81
 
ISWYN 15
 
ISWYN 16
 
ISWYN 17 

ISWYN 18 

ISWYN 19 

ISWYN 20 


Genaro 81
 
ISWYN 15
 
ISWYN 16
 
ISWYN 17 

ISWYN 18 

ISWYN 19 

ISWYN 20 


Ures 81
 
ISWYN 15
 
ISWYN 16 

ISWYN 17 

IsWy;,4 18 

ISWA N 19 

ISWYN 20 


Seri 82
 
ISWYN 15 

ISWYN 16
 
ISWYN 17 
ISWYN 18 

ISWYN 19 

ISWYN 20 


As a Percentage of 
Pavon 76 


102 

100 

103 

104 


105 

102 

102 

103 


106 

100 

103 

106 

10F, 


108 


108 

109 

107 


Anza 


107 

106 

109 

113 


110 

109 

108 

112 


115 

105 

110 

111 

114 


111 


115 

115 

117 


Slete Cerros 

125
 
110
 
125
 
122
 

128
 
113
 
124
 
121
 

118
 
123
 
114
 
128
 
123
 

119
 

119
 
132
 
126
 

*"* Not included in the nursery that year 
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Yie!d Stability---As indicated earlier, those who 
view with alarm the spread of modern agilcultural 
technologies in developing countries are 
concerned, in part, with what they see as a lack 
of yield stability in the HYVs. Yield stability, of 
course, means different things to different people, 
but in the final analysis, it should imply less 
variation in yield over time across the range of 
production circurnstances faced by farmers. In 
1980 CIMMYT wheat breeders, long concerned 
with the stability question, provided the first 15 
years of ISWYN data to independent researchers 
for an in-deptlh statistical analysis of yield stability. 
What follows is a brief discussion of their 
findings 

Yield stability means different things 
to different people, but in the final 
analysis, it should imply less variation 
in yield over time across the range of 
production circumstances faced by 
farmers. 

Vhere ,jrc four basic ways in which a)variety may 
resporid is productiori coriditions improve, as 
shown in Figui i 1 (page 18) Average yields of 
progris ,tv ly better sites are shown on the X-axis, 
ar~d the variety yields are shown on the Y-axis. 
IHie yield of ; given hypothetical variety at each 

s i';plott';d and a regression line is drawn 
though thi points that represent the performance 
of each genolype in the different environments. 
The slope of this regression line measures the 
responsiveness of the variety to better growing 
conditions lie regression line that rep'esents the 
averagt, response of all entries grown ir each 
environment would have a slope of 1 OJ (a450 
line). Thus, if the slope of the variety regression 
line is greater than 1 00 (as it is for Varieties 1 
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and 	2 in Figure 1), responsiveness to improving 
conditions is above average. The greater the 
slope, the higher the responsiveness of the 
variety. CIMMYT seeks Variety 1 types; Variety 2 
types 	are rejected because they yield less than 
the average in poorer production environments, 
and Variety 3 and 4 types do not respond well to 
iriprovirl corditons. 

The key point here is that the regression line of 
Variety I types lies entirely abovu the 450 line, 
i e Var ty 1 perfnrrrs at least as well as the 
veraq orw er low input conditions and it 

responds betiter thanithe average as production 
corditions Tiprove I shou1ld conie as no surprise 
that Vt-eery-base(d vartittes ;are of this type. 

Variety yields (t/ha) 

o levety 4
 

Fiue.Repne fforhpohVia
arieties 
98Fiur	1 esone ffor yptetcaarieties 

to ~ ~ ~ ~ aithihrp3utiiylvl 
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A real-world example to drive the point home: An 
analysis of the 15 th ISWYN shows that the yield 
of Veery 'S'is consistently better than the 
average yield of all enities in nearly all 

nvironments (Figure 2) The fact that the Veery 
req(jro.ssion miniuFigurein 2 is above the average 
yield r,,egreosior line indicates that Veery 'S' 
per 'orrms better than the average both in poor and 
in favorable environments In other words, the 
Veery hius usu available inputs efficiently in low
inr)t errrnrrmerts, aid are aible to respond 
faivorably as production conditions, irnprovu. These 
conclusions are furlhtr supported hy the results of 
ISWYNs 16-20 For example, in Table 3 (page 
20) notice the ,xceptional performance of Seri 82 
ajcross 12 irivirorierntaluy diversc, regiors. 

Yield It/ha) 

ISWYN 15 o 
0- VeeryS' 

e 

Average 
...... ...... - -- -- yielo 

0 

4-
_0_
 

1 3 5 7 9 
Environments It/ha) 

Figure 2. Yield of Veery'S' in the 73 environments 
of the 1 5 th ISWYN (Pfeiffer, 1984) 
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The impressive stability of the Veery materials
 
stems from their enhanced disease resistance,
 
tolerance to certain environmental stresses, and
 
improved plant type.
 

Disease resistance [he winter wheat 
parentage in the Veery lines conferred 
improved resistance to two diseases of wheat, 
stripe rust an] powdery mildew, as well as 
added resistance to septoria diseases and leaf 
rust The enhanced resistance of Veery 'S' is 
evident in Figure 2 (page 19). [he 15 th 
ISWYN was grown in several tropica! highland 
environrmerts that, except for a high incidence 

Table 3. Yield of Seri 82 across 12 environmentally 
diverse regions (absolute yield and as a percentage of 
Pavon 76, Anza, and Siete Cerros), 1 9 th ISWYN, 
1982-83. 

As a Percentage of 
Absolute Pavon Siete 

Yield 76 Anza Cerros 

Global 4487 109 115 132 
Region 1 8638 125 102 165 
Region 2 5737 109 120 126 
Region 3 2663 114 141 215 
Region 4 5209 103 108 110 
Region 5 5274 114 118 140 
Region 6 4762 115 110 115 
Region 7 3558 101 116 133 
Region 8 1892 108 220 225 
Fiegion 9 6151 115 132 130 
Region 10 4425 107 115 118 
Region 11 4144 98 101 137 
Region 12 1465 103 92 104 

Rtegion 1 Mo arwi
itieri ,Noith Airca and Itciia 
2 NorthIFa,1 Atrica ;ind Midtf tF 
3 Fi!,tAhiian Ifighlaiit.c
 
4 Sotthi (ne Aoi
o of 
5 A';ia reril
S.iti[cori 
6 ruropcj:rr Fqlj o 
I S';Iti( (orit? South Americaiii of 
8 Anin Regiorn of South Arieric;a 
9 Highlanrdis of C'rnia Arroioca (including Mexico) 

10 Northeri Mexico anid Soulhern USA 
11 Northern USA ard Cariacda 
12 Tropical lone 
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of disease, were relatively fertile, i.e., they
 
were classified as 2-3 t/ha environments not
 
because fertility was low or moisture was
 
insufficient, but because heavy disease
 
pressure depressed the yields of Most of the
 
Materials grown so that the average site yield
 
was low The Veerys tended to do well in
 
these enviroriments (indicated by the solid
 
points in [:igure 2) betause of the lines'
 
irriproved disease resistance
 

Sorni of the Ve(ery lines also appear to have 
'dhilaory' (partial) resistance to leaf rust 
infection in Mexico, i e, they express a 
s;sr:eptile re-;ponse to the pathogen, but 
infection 's dulayed until later in the crop cycle 
(lFigur 3) the final level of infection at harvest 
may he! as highl as for other varieties, but 
becaulse dlsei,! ideveloprment is delayed yeld 
rt1iJttions are hlnited 

Percent infection 

100 
INIA 66 

(Susceptible) 

80 

Genaro 81
 
(Slow rusting)


60 
CIANO 79 /7I •sitat Pavon 7640 S
 

40 (Resstant) Slow rusting/f 

20

0 
Feb. 1 Feb. 15 Ma,. 1 Mar. 15 Apr. 7 

No. of days after inoculation 

Figure 3. Slow rusting resistance to leaf rust (Cd. 
Obregon, 1984-85) 
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Stress tolerance- The Veerys appear to 
possess superior drought tolerance, in that they 
lend to perform Nell in locations where 
moisture is a limiting factor (Lur:h as inRegions 
I aid ) in Table 3, page 20) This enhanced 
Iolil,!fii, :ones from theti) krougnmt prohably 
vwinter wt tp reIWlage
n, 


Vi!fi!y irw ,1al;o, is('w;is beotter tolerance for 
.oilJtfi i .,tttrS early IIIthe cro cycle and 

f)r r,cwssive ea t ,iat ailae qrowth stages 
(they finish wolf), a1lairl ferld by theritiS ,:or0 

:vintirr )arnit In addition, Veerys are minore 

ffi iorfit IIIthi iability to (eXtri t phosphorus, 
Vvhlii:hr'liaIlos thei to perform hjott l than 
nest other I IYVs In ini(f n;oils 

Improved plant type I hi Veery,;save a 
pririt tvti th)t h stows several 

I i , h ii(at irid(fx withIimarythIIt Ishitjh, 
lfIn , iltluI:k .S;(IHar(O oeler;)lqrh IIn r the 

iii ir s 'uc i,hti,a thii plan l density 
m; , 'u'anits'"stay, pi green''
 

f ii Ior(lopItr atrid,i It , thewy retain (ten 
leave>; (cleSn l 'SIi(-calrnaturity,i')h an 
Iricac;,tiorn of IthiJlrchUst health.
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Vetiry 'S'is clearly an outstanding achievement in 
whiait breheding Die cross and its subsequent 
dJevelorent has rnoved high-yielding bread 

wheias onto a fitwvyield level, aind hrs corrbined 

this higher yi(ldJ pontial with yield stabilitv 

id mlg(i nil thal 1xceeds 
th(, ilr.ady st,'Ait, of prteviot 

jcfoss ii vi(k, of er iMori ts 

cri1oirriamir HYVs 

Ir i ( tv vhr'liomrir, ifriijrj 0fit ce! , V'otlrv Ihls 

iv w h iut irt mirisIlecl;,; di l IH( v ri itt)il i 

i.rv erm t 1r),ajrir us ii ft;lIHri comlrtis 

iI I ry ca lw id 
wii Irdiiptw O t fim(p t viror fitubts 

t 'tjj,r () Vii o s 

iti (! 

iwf ![Iri1!Illil li t! o:IfV(itfa -bt ; d 

,V J f ' itlf! I~roplio, htS i fWt r IOC il[ g a 

Tilhi ii ,it O lwt ti f y(! t: of iii 1u andI~ iii 

1 l 1tV t m I s; to(omhit, tho;bestit1 us Irp;1-1t 

ofit(!rshij jrilIrMI fr/tiOw ,prij; ii, v I sin 

i t(,()[hwiiI iio Iiiuill triestit , 
. t1 ( tit j ;, o 

mriai0 jrmo III hatLItrld it it t m (ti . t 

The com rpItI rttyp iorIl Whlilt r (vfl t 

(olI r
ard theV possi iitofintlrerlsl tt, I of 
,,''f ,t o !r ~ W o~rld] been~r~r(t~~t , t w hw lis 

P !ittIJIIIIIk wil ,f-; Oil')I/f <trIflchtof 

Oipjant dt i t r ) ld lt ? n ) i,o f 
'-

()i l it VM i Itl(l md ((,vit~lop tl (IP-' i J 
cotiim .,<, 

IlwP ~'Jll;~ t ch ' lfi (I,% l; of 

,t1( )4- Il( ~r { if dJlv(t't t i~ f r'r . b l t
 
VeerI confers~themateal

('<.)r:illi(Jw,co'tlrorow ql~ ()l:m!ili ("I f!w (iWA oild 

tii!t.,,/( 7' h t'o fIlt y il df rii v K: t'.-A i 11l(ji 
;j(,:,, ritl~il ywt!( htilitV, is truly ajil im pllre)ssive ,<m 


t)w,vsJ Wt r tmimy rfrnvironri
filf il s~~< 

The compact platnt type of 
Veery materials confers the 
benefits of a high harvest index 
and the possibility of increasing 
plant density. 
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