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Foreword

“No one can be a statesman who is entirely igno-
rant of the problems of wheat.” This statement
from Socrates carries as much impact now, as
when it was first uttered over two thousand years
ago. Indeed just as the system of government of
ancient Greece has become globalized, so too has
their staple cereal. At around 680 million tonnes
from 224 million hectares in 2008-2009, wheat is
the world’s greatest source of food calories from
the biggest crop area; it is the most widely con-
sumed grain across all its diverse products, and
the agricultural commodity most traded interna-
tionally (124 million tonnes).

When wheat price more than doubled in the
year up to March 2008, alarm bells were ringing
for politicians; eight months later it has fallen
back to where it was, which although an alarming
fall for farmers, marks a return to around the
smoothed long-term trend price. This price in
real terms is as low as wheat has ever been, result-
ing from the steady decline in the real price over
the last 60 years, a huge bonus for consumers and
world development, and a reflection of productiv-
ity growth based on science and technology. Rea-
sonable wheat prices are vital for poor consumers;
only productivity gains can deliver this and at the
same time allow wheat farming to remain eco-
nomically viable. Whether researchers can con-
tinue to achieve these gains—while doing so
sustainably, including avoiding expansion of the
world’s wheat area, and delivering better wheat
products—is the subject of this book.

While cost reductions through input efficien-
cies per ton of grain are important, wheat produc-
tivity gains over the last 60 years largely reflect
yield increase: world wheat yield has risen from
1.0 to 3.0 t ha™! in this period, and continues to

advance at about 1% per annum. Wheat occupies
a very broad range of agroecologies, from favor-
able irrigated and high-rainfall environments to
unfavorable, semiarid environments, yet gener-
ally similar relative progress, beginning in the
developed world, has now been seen under almost
all these circumstances. Underpinning this is
a huge international research effort, spanning
all aspects of genetic improvement and crop
management.

At the beginning, this was based entirely in the
public sector: the last 30 years has seen a signifi-
cant shift to private-sector research, not just in
agricultural chemicals and machinery, but also in
variety delivery. For many obvious reasons yield
must continue to grow, and to do so at better than
the current 1%. While rural extension and yield
gap closing are important in achieving this, vital
will be wheat research investments at an intensity
(research costs per value of product) at least as
high as in the past, along with gains in research
efficiency. Close communication and sharing of
ideas and materials among wheat researchers, as
is so evident in the chapters of this book, should
engender efficiency gains, since the challenges are
daunting for individual research teams and are
often common around the world; achieving effi-
cient private—public complementation remains
another important goal.

Also evident is the fact that environmental
issues and the industrial and nutritional quality of
grain have become increasingly important for
researchers and farmers alike. In the former area,
progress has been made through yield increase
itself, and through the gradual adoption of con-
servation tillage and more efficient input delivery
to the crop. It is not helped by misguided notions

Xvii
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Foreword

of low-input farming nor, at the other extreme,
input subsidies and excessive price support.
Driven by intense market competition, wheat
industrial quality in major wheat exporting nations
has probably been improved in the last 30 years
as significantly as has yield itself. In developing
countries, nutritional quality could assume greater
importance as consumers have less opportunity to
favorably supplement high-wheat diets. Many
quality improvements are foreshadowed herein.
It is not clear how much yield could increase
with better pest, nematode, disease, and weed
control because modern agriculture invests
heavily to keep these losses low (probably <10%);
but losses could be higher in neglected parts
of the developing world. Either way, the whole
world needs less costly control methods, espe-
cially easy-to-incorporate and more durable host-
plant resistance, which is probably the most
fruitful field for transgene deployment. Although
modern wheat fields are often deplored because
of their apparent uniformity, the researcher knows
that it is the underlying hidden genetic diversity,
in the face of biotic and abiotic stresses, and the
diversity of the management and cropping system,

which is the diversity that really counts. At the
same time, the researcher must remain always
vigilant against evolving biotic stress organisms.
Over 25% of the book is devoted to biotic stresses
of wheat.

Wheat is currently the premier food grain of
the world, because of its versatility in production
and use, and because of the huge body of research
knowledge underpinning modern wheat produc-
tion and marketing which can be seen here. Wheat
is the grain crop par excellence of the vast tem-
perate semiarid and subhumid regions of the
world, regions which will grow in importance as
water and land competition elsewhere intensifies.
Because of these advantages, wheat should remain
the premier food grain through to peak world
population and beyond. The world needs this to
be the case, but continuing research across all of
the diverse fields affecting wheat productivity
and utilization that are described herein will be
essential.

R.A. (Tony) Fischer, CSIRO Plant
Industry, Canberra, Australia
December 2008



Preface

Wheat is the cosmopolite of edible plants. It can
be used in worldly ways and grown in worldly
places. Its sphere of influence is global. Scientists
marvel at its genetic complexity, but its complex-
ity is perfectly fitting for such a versatile and plan-
etary crop plant.

Much of what the world’s agricultural society
produces in food derives from wheat and other
cereal crops. Hence to no surprise, a critical and
nutritious part of the human diet comes from
wheat—indeed no other grain crop can produce
as many types of food. Calling it a staple may be
a bland understatement, when wheat can domi-
nate the ingredient list of appetizer to dessert,
with versatility beyond what the mill can gener-
ate. Wheat farmers do not simply produce a wheat
crop; they produce a food ingredient, and it is this
distinction on which Wheat: Science and Trade is
based.

In a specialized and highly focused era of
scientific discovery, our literary base can easily
become highly fragmented. This tendency applies
no less to the literature for wheat. Whether the
subject addresses soil management, epidemiology
of a various array of pathogens, or genetic
approaches to improving wheat productivity, one
can find a significant piece of literature devoted
entirely to that subject area within the past 30
years. This book represents a concerted attempt
to swing the literary pendulum back to center.
This is a book about wheat and the products
derived from it—not strictly about bread wheat,
not about wheat breeding, and not only about
wheat quality, but all of that, and more. Consider
it a drill-to-mill treatise of the current knowledge
base and futuristic visions for wheat to flourish in
a global environment and in a world market.

Xix

Wheat: Science and Trade was designed as a hub
for directing students, practitioners, and scien-
tists into four knowledge centers, or sections. The
primary intended audience includes a wide spec-
trum of agricultural scientists working in the
general research areas of crop science and soil
science, and more specifically in weed science,
plant pathology, entomology, genetics, cultivar
development, physiology, taxonomy, cereal
chemistry, food processing, and agribusiness.
Another principal use of this book should include
the classroom for advanced undergraduate stu-
dents and graduate students studying crop pro-
duction and utilization. Vocational agricultural
teachers and practitioners, and the clientele they
serve, will also find this book to be a critical
resource. No matter the audience, the reader will
likely reach equilibrium with the information
provided herein and that which is extensively
cited in a multitude of references.

The four sections approach wheat science
and trade from the making of a wheat plant, to
the making of a wheat crop, to the making of
a wheat cultivar, and finally to the making of a
wheat industry. The various sections provide the
following: (i) fresh perspectives on classic tenets
that define the evolutionary and phenological
development of wheat (Section I, Chapters 1-3);
(i1) a comprehensive view of some of the primary
pathogens, pests, and abiotic stress factors that
must be overcome to ensure a viable and market-
able product, and the practices that can be adopted
to maximize profitability (Section II, Chapters
4-12); (iii) the genetic components that define
wheat improvement and cultivar development,
from dissection of a myriad of traits critical to the
total wheat industry to the development of novel
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genetic resources critical to its continued world-
wide production (Section III, Chapters 13-18);
and (iv) a contemporary look at the functional
properties that allow wheat products to appear
from one end of the grocery store to the
other, and the forces that drive wheat from family
farm to river barge (Section IV, Chapters
19-23).

Chapters 20 to 22 provide a three-dimensional
perspective on what determines wheat quality and
how wheat quality can be manipulated to benefit
humankind, even beyond the natural power of
wheat’s flour. Fach of these chapters begins from
a common base to which most might consider the
one and only product of wheat—milled flour.
Each chapter extends from that base to take the
subject of wheat quality to very different levels,
whether to describe the techniques used to predict
quality from an end-use perspective, or to reveal

the basic biochemical components which may lay
the foundation for end use, or to consider areas
which newly define wheat quality. Finally, we are
reminded that certain uses of wheat demand dif-
ferent pricing structures, but more determines
wheat price than the wheat itself.

Excellence reflected in this book emanates from
the talented panel of authoritative contributors
with whom I have had the honor to work. My
sincerest appreciation is extended to all of them.
I trust you will be equally rewarded by their
insight as I.

Brett F. Carver, PhD

Editor, Regents Professor

Department of Plant and Soil Sciences
Oklahoma State University

Stillwater, OK

September 2008
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