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Introduction

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 agnicultural
technologies. Although this transformation is by
no means cornplete, science-based agriculture has
unproved the well-beng of hterally millions upon
mlions of fairers and consumers in developing
countnies. Playimg no small role in thig
ranstormation were the short-strawed, high-
yielding bread wheats developed by CIMMYT, in
concert with national crop improvement pregrarms
around the world - The widespread adoption of
these components of modern agncultural
technology resulted iy spectacular increases i
wheat production i a number of developing
courttnes

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

This publication focuses on one of many
impressive achievements in wheat breeding: the
development of the cross Veery. More precisely,
it explores the question why the Vee'y lines
constitute an outstanding achievement. There are
haswcally two reasons: Eight years of international
testing in nundreds of environmentally diverse
locations have shown 1) that tha Veerys have
moved high-yvielding bread wheats orto a new
yield level, some 10% higher than the previous
level, and 2) that the yields of Veery sister
selfections are extramely stable across a wide
range of production cnvitonments. These traits
are descnibed m greater detail in the following
pages, understanding their significance, however,
requires first a bit of history, as well as a sense of
the CIMMYT Wheat Program’s basic operational
methodologies



A Brief Look Back

The rapid movement away friom fraditional
agriculture in the Third World earned the name
“"Green Revolution.” For years this revolution was
ceemed a nearly unqualified success. Farly
adoptors cf the new techr.olagies, quite logically,
tended to be the relatively well oft farmers who
could afford the additional inputs necded to take
advantage of the higher yield potential of the
modern varieties, as wed as the risk associated
with changing from traditional 1o modern
agneultural systems. Many of those who 'ostered
this early change artcipated that the new, more
productive technologies would quickly ““trickie
down'" to poorer farmers who could il afford to
nsk their hvenhoods on unproven technologies.

Toward the end of the 1970s, ciics of the Green
Revolution began claiming thal iesource-poor
farmers were being bypossed in the
tansiormation to modem agicultural systems.,
Many reasons for this situation were pat forth,
among them the dea thet the new varicties were
themselves wharently faulty. The eritics made
largely unsubstantiated clams that high levels of
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&t 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
varicties when the added inputs were lacking.
There was also a question of yield stability in the
more productive environments; after all, the risk
of losing 20% of a  t/ha crop due to some
unforeseen cevent tends to be more difficult for
iarmers tc accept than a 20% loss when the
expected yield is oniy 1 t/ha.

A majoir objective of ihe CIMMYT
Wheat Program's research is to
deveiop "“input-efficieni’” and
“input-responsive’’” wheat germplasm.

The yield stability question clearly is a valid
concern, both for tarmers and for researchers. For
farmers, 1t is a matter of being able to count on
the new vatieties even when production
conditions are poor. Chjective analyses
undertaken since ihe late 1970s have shown
rather conclusively that many high-yielding
varicties {HYVs) of wheat generally perform as
well or slightly beuer than traditional varieties in
low-input environments; and, not surprisingly,
they perform significantly better than traditional
varieties as production conditions improve.

For researchers, the stability questinn is more a
matter of enhancing the alieady stable
performance ol HYVs, and combinina this trait
with e¢ven higher yield potential. Stated somewnhat
diffcrently, a major objective of research is to
develop germplasm that uses available nutrients
and 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-r2sponsive’’}.



By the early 1980s, CIMMYT had developed an
impressive array of input-efficient, input-
responsive advanced lires ot bread wheal for use
by natial research prograins in their varietal
development efforts. A number of approaches
have been used by the Certer’s wheat breeders
to create this anray. Of these approaches, one of
the more productuve has been the crossing of two
diverse germplasm pools, spring- and winter-habit
wheats. A tigh proportion of the better advanced
lines in CIMMYT's wheat germplasm hase,
including the Veerys, stem from the spring
winter crossing program. Before exploring in detail
the winning charactenstics of Veery, however, we
should first consider the Wheat Program’s general
approach to wheat breeding, and spring x winter
crosses in particular. This will provide added
insight into how the traits that make Veery
exceptional were combined.

LAY

Crosses of sgring- and winter-habit wii2ats are made
using procedures developed by breeders to synchronize
the flowering of both types.
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Whewts for Many Environments

In the developing world, wheat 1s grown under a
range of very diverse production conditions.
Dealing with this diversity remains one of the
central chatienges confronting CIMMYT wheat
breeders. Over the years a successful strategy
cinphasizing broad adaptation within large,
relatively hormogencous envionments (termed
“mega-envitonments”') has evolved  The six
mega environrents used by CIMMYT in targeting
the: development of bread wheat are the
fullowing

s rngated arecas,

o Ramted envieonments in which moisture is
sufficient tmore than Hb00 mm/cycle),

¢ Ranfed envitonments i which drought
stress otten ocours ‘ranfallas less than
H00 mimicycelkn,

¢ Highland sones i which severe disease
eprfemics ocour,

o Acid-sonl areas o which wheat production s
lited by toxe levets of alurminum;

o Warmer reqions i which sudden temperature
ncreases toward the end of the crop cycle are
common

o develop germplasm for these mega-
covironmants, the Center’s Wheat Pronaram
vimploys o breeding strategy having four
interrelated teatures. large numbers of crosses;
shuttle breeding: heavy disease pressure; and
mternational, multilocation testing.

The numbers game- - During cach breeding cycle,
thousands of sirmple and top crosses are made
using a broad range of parental material collected
from rmany parts of the world. The selection of
this parental matenal depends on a number of
factors, especially the performance data received
from our cooperators in the international testing
network. We should note here that the selection
of parental rnatetial is not based on genetic
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analyses for disease resistance or yield
comnonents. Rather, the mere presence of
desirable traits provides sufficient reason for their
inclusion i the crossing program, and crosses are
often made without full krowledge of inheritance
patterns This expedites considerably the
germplasm development process  Simiarly, no
combmng ability studies, per se, are made for the
crossing proqgrarm. While these esercises dre
necessary for screntific pubhication and a more
compl:te understanding of genetic interactions,
the Wheat Program has found it more practical to
substitute for such analyses many years of close
observavor in the hield These studies, after all,
are: not central to the Program’s primary mission:
the: developrnent and delivery to cooperating
rationai programs of improved wheat and triticale
qgermplasin

Deainig with environmental aiversity
remains one of the central challenges
confronung CIMNMNYT wheat breeders.

Shuttle breeding Gerinplasti 5 screened and
sclected dunng two oycles each vear at two
pramany focations i Mexaco  the government's
Northveestern Agoeultural Research Center
(CIANOI, near Ciudad Obregon in the State of
Sonora (27 2°N, 39 m above sea level), and the
Toluca expenment station in the State of Mexico
{18 H°N, 2649 m above sea level) (see map,
page 81 Plantings are made at CIANO in
Movermber and selection and harvest are
completed o Aprit Seed s then shuttled 1850
kiormeters south to Toluca, where plantings are
made m May and June. Sclection and harvest
fimish in October, and seed 1s then shipped back
to CIANO for planting in Novernber.

These two locations differ markedly in elevation,
soll type, rainfall patterns, heat units (temperature
regimes), diseases and photoperiodism. Only
those breeding materials that withstand the rigors
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of these twu very ditferent 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 uniformity of infection,
heavy disease pressure can be placed on bre-zding
materials permitting resistant lings to be identified.
During the wirter cycle at CIANO, rains are rare
but heavy dew occurs frequently, which is
conducive to the deveiopment of leaf rust
(Puccinia recondita) and stem rust {(P. graminis
tritsci). At the highland Toluca site, frequent rains
and cool temperatures prevail throughout the
surnimer cycle, providing ideal conditions for
establishing eridemics of such iohar diseases as
strpe rust (P striiformis), and thosa caused by
Septoria tritici, Fusarium graminearum, F. nivale,
and barley yellow dwarf virus. Occacionally,
epidemics of Helminthospcrium tritici-repentis,

S. nodorum, and bacterial leaf blignt can also be
obtained.

Mexco, D.F.

Toluca —e @k’

El Batan

Primary experiment stations in Mexico on which
CIMMYT conducts wheat research.



International testing— Advanced lines that have
passed the rigors of selection in Mexico undergo
international testing in more than 150 locations
worldwide each year: a number of commercial
varieties are also included in the international
nurserics. CIMMYT acts as the hub of a large
network of cooperating researchers, a systern that
enables the efficient evaluation of hundreds of
lines and varieties cach year unaer extremely
diverse conditions By virtue of this network,
vanches and cxpenmental materials are
simultaneously subjected to many hiotypes of the
important dis ~ascs of wheat, and are also tested
under a range o1 stress conditions.

International, mualtido. . uon testing
allows hundrecds of oo anced ines
and vanctios 10 he cvaludtod each
year under oxtremiely diverse
ervironmental cor itions.

The Center compiies the nurseries and distributes
them upon request among network participants;
performance data for many of the nurseries are
then returned to CIMMYT for analysis and
publication (a number of F2 nurseries are
distnbuted, but data are not returned}. The
majority of the materials that cycle through this
lesting system emanate from the CIMMYT
breeding programs, but advanced lines and
vanieties 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
decmed appropriate. The network thus provides
not only valuable feedback on the performance of
materials under diverse cunditions, but a
mechanism for sharing experimental materials as
well.



Spring x Winter Crosses

The spring x winter wheat crossing program has
been one of the more productive approaches used
to develop improved wheal germplasm. First, a
quick look at the materials themselves.

Bread wheat gerrmplasm has one of three basic
grewth habits: spring, winter, and intermediate
{facultative). Spring wheats have a continuous
growth cycle that brings them to harvest in 4-5
months These wheats generally cannot survive
an extended penod of freezing temperatures.
Winter wheats, in contrast, must nave their
grow:h cycle interrupted by a continuous period
of low temperatures (this requirement is termed
“‘vernalization” ). Planted in autumn, winter wheat
is ready for harvest the following summer, some
10-11 months later. Without vernalization, these
wheats remain in a vegetative state; tillers will not
elongate, nor are heads, flowers, and seeds
produced. Intermediate types have, as the name
implies, some of the attributes of both spring and
winter types, and ovolved to fit fairly specific
environmental niches

The: spring- and winter-habit pools are by far the
predomimant types. Each has its strengths and
woeaknesses relative to the other. Spring wheats,
for example, tend to have higher yield potential
per unit of time, broader adaptation, better
resistance 1o leal and stem rusts, stronger straw,
and better milling and baking quality; winter
wheats have better resistance to fohar diseases
{other than leat rust), greater tolerance to cold
and heat lespecially high termperatures late in the
crop cycle), and belter apparent tolerance to
drought.

The idea of making crosses between these two
gene pools 1s not new, having been done in a
lunited manner for many years 1o introgress
specific genes from one germplasm pool into the
other. In 1972 CIMMYT ({in collaboration with
Oregon State University, USA) began exploring
these vast gene pools much more extensively for
the improvement of poth pools. Crosses between
springs and winiters were made in Mexico;,
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collaborators at Oregon State went on to improve
the winter-habit progeny, while 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
same time in the same location, spring and winter
wheats fail to flower together, normally rendering
infeasible any crosses between the germplasm
pools. Two procedures are used by CIMMYT
brecders to effect such crosses. Firsi, winter
whedts are sown at the Toluca station in
November: the cold terperatures of December,
January and February achieve the vernalization
necessary for winter types to head and reproduce.
By staggering the planting dates of spring wheats
at Toluca (beginning in January), it is possible to
synchronize flowering for both types in May, thus
allowing breeders to make their crosses.
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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 pors and vernalized for -4 days in
cold chambers (3-4°C) under 12 hours 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 1o 6
hours of extra light per day. Using this procedure,
the winter wheats flower concurrently with the
spring lines normally grown at CIANO, thus
permitting crossing. Together, these two
procedures enable more than 1,000 new spring x
winter crosses to be made each year.
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The Developiment of Véery S

Veery 'S’ is the most noteworthy of the crosses
coming out of the spring x winler crossing
program. The process by which the Veery lines
were Leveloped clearly reflects the Wheat
Program’s approach to hreeding research.

In the spring of 1973, CIMMYT breeders crossed
the Mexican spring wheat Buho 'S’ to Kavkaz, a
winter wheat from the USSR, Fy plants were top-
crossed 1o a promising spring wheat that
combined the parentage of Kalyansona (an Indian
varicty based on CIMMY T's advanced line 8156)
and Bluehind fa Mexican vanety). Certain Fo
progeny showed considerable promise and were
advanced for further observation and selection.

Unknown at that urne, these progeny carried the
18/1R wanslocation {the short arm of the 1B
chromosome in bread wheat was replaced by the
shore arm of the 1R chromosome of rye), a
change in qgenetic composttion that was to confer
arange of improved performance characteristics.
n 1977-78 the cross was given the breeding
name “"Veery' and various ines were added to
the International Spring Wt 2at Yield Nursery
HSWYNI, which s distnbuted 1o some 150
locations worldwide for eviiuation.

In 1981, eight years after the initial cross was
made betweon the two germplasm pools, the first
three Veery-based varicties were released by
Mexco as Glennson 81, Genaro 81, and Ures 81,
Pakistan also released a Vewy selection in 1981,
under the name Pak 81. The releases in Mexico
were followed i 1982 by the release of Seri 82.
Smcee then, a number of countries have released
Veary-based cultivars (Table 1, page 14), and
there s strong evidence of their rapid adoption by
farmers During the five years since the first
Veerys were released, over three mithon hectares
have come under cultivation worldwide. In Mexico
alone, for example, nearly 800,000 hectaies (over
80% of Mexico's total wheat area) are now
devoted to varicties stemming from Veery
germplasin, and i Pakistan the variety Pak 81
now covers an estimated one million hectares.



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 Yarieties Country of Release Year of
{Names) {or multiplication) Release
Glennsan 81 Mexico 1981
Cenaro 81 Mexico 1981
Ures 81 Mexico 1981
Fak 81 Pakistan 1981
Sern 82 Mexico 1982
La Molina 82 Peru 1982
Rusape Zimbabwe 1982
Millaleu lnia Chile 1983
Loerne Zambia 1983
Gamtoos South Africa 1983
Dashen Ethiopia 1984
Cordiliera 3 Paraguay 1984
Lima 1 Portugal 1984
Arganda Spain 1984
Cartaya Spain 1984
L £ Cardenal Uruguay 1984
Nuridie Algeria 1985
Noho Ina Chile 1985
HUW 206 India 1985
R?253 Kenya 1985
Vin Tanzania 1985
Senc Zambia 1985
Piisabak 85 Pakistan 1985
Gicinya Rwanda 1986
(being multiphed)
No narne as yet Bolivia 1986°
(being mulbphed)
NO name as yat Burma 1986°
(being nuluphed)
No narne as yet Turkey 1986

(heing multinted)

* Probable year of release



Underlying the rapid release and adoption of
Veecry-based varieties are the two general
performance characteristics mentioned at the
beyinning of this publication: the Veery lines’
higher yield potential combined with their greater
yield stabihty. First a look at yield potential, then
we will have a somewhat longer discussion of
yield stabiity

The rapid release by developing
countries of Veery-based varieties Is
accomparited by remarkably rapid
adoption by farmers.

Yield Potential Veerv 'S’ has convincingly
broken through the apparert “'yield barrier’” that
some have postulated for nigh-yielding bread
wheats. The resulty of eight years of yield testing
in vanous locatons in Mexico, and i hundreds of
locations nternationally, have shown the Veery
varieties and advanced lines to have an average
genetic yield potentiar that s on the order of 10%
higher than other widely adapted HYVs. Table 2
(page 16) provides a cc mparison between the
yield of four Veery-based varicues and the HYVs
Pavon 76, Anza, and Siete Cerros in ISW'/YNs
15-20

The imornational testing of Veery 'S’ lines began
in 1978, and since then a Veery line has been the
top-performing entry averaged across all testing
locations to which the ISWYN has been
distributed; preliminary results from 1934-85
indicat 2 a similarly outstanding performance. For
exzmple, in the 19t ISWYN (1982-83) the yield
superiority ot Seri 82 over Pavon 76 and Anza, as
well 9s over the best local check varieties, 15
striking. Results of the 19t ISWYN were returned
from B5 sites: Anza yielded more thari the Veery-
based variety in only 6 locations, while Pavon 76
produced higher yields at only 13 sites. Seri 82

15



AN

even yielded more than the best local check
varieties in 76% of the locations. Such
performance clearly reflects a high level of vyield
stability across environments

Table 2. Average yields of Glennson 81,

Genaro 81, Ures 81, and Seri 82, expressed as a
percentage of Pavon 76, Anza, and Siete Cerros, for
the 15th through 20th International Spring Wheat
Yield Nurseries (ISWYNs).

*Jariety and As a Percentage of
{ISWYN Number Pavon 76 Anza Siete Cerros

Glennson 81

ISWYN 15
ISWYN 16
ISWYN 17 102 107 125
ISWYN 18 100 106 110
ISWYN 19 103 109 125
ISWYN 20 104 113 122

Genaro 81
ISWYN 15
ISWYN 16
ISWYN 17 105 110 128
ISWYN 18 102 109 113
ISWYN 19 102 108 124
ISWYN 20 103 112 121

Ures 81
ISWYN 15 LR g " sa ae e
ISWYN 16 106 115 118
ISWYN 17 100 105 123
ISWYH 18 103 110 114
ISWYN 19 106 m 128
ISWYN 20 105 114 123

Seri 82
ISWYN 15 108 111 119
ISWYN 16
ISWYN 17
ISWYN 18 108 115 119
ISWYN 19 109 115 132
ISWYN 20 107 117 126

Not included in the nursery that year
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Yie!ld Stability-— As indicated carlier, those who
view with alarm the spread of modern agiicultural
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 circumstances 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-depth statistical analysis of yield stability.
What follows 1s & 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.

There are four basic ways in which a variety may
respond as production conditions improve, as
shown in Figure 1 {page 18). Average yields of
progressively better sites are shown on the X-axis,
and the vanety yields are shown on the Y-axis.
The yield of a given hypothetical variety at each
site s plotted and a regression line is drawn
through the pomnts that represent the performance
of each genctype in the different environments.
The slope of tins regression line measures the
responsiveness of the vanety to better growing
conditions  The regression line that represents the
average response of all entries grown ir each
environment would have a slope of 1.0) {a 45°
inc). Thus, if the slope of the variety regression
finc 1s 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 grealer 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 Vaniety 3 and 4 types do not respond well to
improving conditions.

The key pomnt here s that the regression line of
Variely 1 types les entirely above the 45° line,
e, Vanety 1 perforims at least as well as the
average ur 'er low nput conditions and t
responds better than the average as production
conditons improve 1t should come as no surprise
that Veery-based varictios are of this type,

Variety yields (t/ha)
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Variety 1
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'
A e
Variety 4
5 7 9

Environments (t/ha)
Figure 1. Response of four hypothetical varieties
to higher productivity levels
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A real-world example to drive the point home: An
analysis of the 15t ISWYN shows that the yield
of Veery 'S’ is consistently better than the
average yield of all entnies in nearly all
environments (Figure 2). The fact that the Veery
regression ine in Figure 2 s above the average
yield regression ne indicates that Veery °S’
performs better than the average both in poor and
in favorable environments. In other words, the
Veery lines use availabie inputs efficiently m low-
input environments, and are able to respond
favorably as production conditions improve. These
conclusions are turther supported by the resuits of
ISWYNs 16-20 For example, in Table 3 (page
20) notice the exceptional performance of Seri 82
across 12 environmentally diverse regions.

Yield (t/ha)

10 e e S
ISWYN 15 0O

Y.
6 —R 57 (—oO
@
O
i 3 5 7 9

Environments (t/ha)

Figure 2. Yield of Veery’'S’ in the 73 environments
of the 15th ISWYN (Pfeiffer, 1984]
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The impressive stability of the Veery materials
stems from their enhanced discase resistance,
tolerance to certain environmental stresses, and
improved plant type.

Disease resistance - The winter wheat
parentage in the Veery lines conferred
impreved resistance to two diseases of wheat,
stripe rust and powdery mildew, as well as
added resistance 10 septona diseases and leaf
rust. The enbanced resistance ot Veery ‘S’ is
evident in Figure 2 (page 19). The 15th
ISWYN was grown in several tropica! highland
environmerntts that, except for a high incidence

Table 3. Yield of Seri 82 across 12 environmentally
diverse regions {(abso!ute yield and as a percentage of
Pavon 76, Anza, and Siete Cerros), 19th 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
Region 9 6151 115 132 130
Region 10 4425 107 115 18
Region 11 4144 ag 10 137
Region 12 1465 103 92 104
Region Meditertanean, North Afnca and Ihena

1
2 North Fast Atnca and Middle East

3 Fast AMocan Highlands

4 Southern Cone of Afnca

b Asia Subcontinent

6 Furopean Region

Sovthern Cone of South Amenca

8 Andean Reqion of South Amenca

9 Highlands of Central Amenca Gincluding Mexico)
10 Northern Mexico and Southern USA

11 Northern USA and Canada
12 Tropical Zone
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of disease, were relatively fertile, ie., 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 environments (ndicated by the solid
points in Frgure 2) because of the lines’
improved disease resistance

S(mw of the Veery nes also appear to have

“diiatory’” (parual) resistance to leaf rust
infecuon in Mexico, 1 e, they express a
susceptible response to the pathogen, but
infection s delayed until later in the crop cycle
(higure 3). The final level of infection at harvest
may be as tigh as tor other varieties, but
because disease development is delayed yeld
reductions are mited

Percent infection

100

INIA 66
{Susceptible)

weems Genaro 81
(Slow rusting}

60 CIANO 79
womern CIAN

Pavon 76
(Resistant) /(Slow rusti /

40 /
20 /
-~ ’//
Oy T K ’

1
Feb. 1 Feb. 15 Mai . 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
tend to perform well in locations where
moisture 1s a imiting factor (such as in Regions
1 and 2 in Table 3, page 20) This enhanced
olerence to drougnt probably comes trom the
winter wheat parentage

Veery Imes also nossess better tolerance for
Cold temperatures carly i the crop cycle and
for excessive heat at the late growth stages
(they frish well), agam trans conterred by the
winter parent  In addition, Veerys are more
efficient i then ability to extract phosphorus,
which enables them to perform better than
most other HYVs m aacid soils

Improved plant type The Veerys hive a
cormpact plant tvpe that bestows several
benehits  the harvest index s ligh, with many
Lirge, upnght heads per square meter; the
plant archintecture s such that the plant density
can be wmcreased and the plants 'stay green”’
for a longer penod, e they retain green
leaves closer to physiologcal maturity, an
indication of ther robust health.




Conclusion

Veory 'S* s clearly an outstanding achievement in
whaat breeding The cross and its subsequent
development has moved high-yielding bread
wheats onto a new yield level, and has combined
this higher yield potential with vietd stabibty
actoss a wide range of envitonments that exceeds
the abready stable performance of previous HYVs

I an overwhelmimg number of cases, Veoery Ines
are bemng selected and used by natonal wheat
nnprovement programs in developing countres
The supenor chiaractenstics of Veery ines and
ther adaptancn to a wide 1angic of environments
are resuinng v the tapmd release of Veery-based
varieties, thea aaoption by fanmnees 15 ocourmng at
an aceelerating pace, as well

The Veorys are the tesult of years of careful and
moovativee reseatch designed o combine the best
trants from the spong and vanter-habit germplasm
peols  The suceess of the cffort must be
attributed to the spat of cooperation that

chatan enzes nternational wheat nprovement
tesedrch CINEAY T broeders have played a
priary tole, tat the collaboeration of natonal
vehoat progtarms, e e Hhrd World has been
conttal o e progress achieved

The ultnate beneticianes, of this recearch, of
course, driowhieal grovvers and the consuimers of
wheat products wno renide in developing
countrnes The cecepticnal charactenstes of
Voery based vaneties enhance ther performan:.e
across the range of diverse eovironmental
condisons controntng oelons of Thita World
farmcrs Veery 57 because of s tugh yield
potonnal aned impressive yield stabality, s truly a
bread wheat tor many cnvitonments

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