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Foreword

Food Security Sustainable Agriculture

Energy Security

At the nexus –mee�ng the demands for a growing popula�on

Climate change, elevated carbon dioxide levels, exponential growth of humankind

over the next half century, insufficient arable land to support the population,

polluted fresh and marine waters, and decreased easily accessible and available

energy sources are among the principal concerns of governments, scientists, and

people across the globe as we continue into the twenty-first century. We are

constantly bombarded and reminded with increasing urgency of the need to find

solutions to these problems from a number of media sources, including nightly

television newscasts. However, the “lay” opinions of various perceived problems

often do not accurately reflect scientific knowledge and opinion. Furthermore, the

popular press, as well as numerous scientific papers and reviews, have tended to key

on only a few of these concerns at a time, but have failed to consider them in the
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context of their relatedness to each other. The diagram above is symbolic of the

convergence of the ideas expressed in this book. Food/energy security and sustain-

able agriculture are inseparable issues in that each significantly affects the other.

For example, changes in food prices are often attributed to the price of oil. A focus

only on food security often results in unrealistic conclusions that are not energy

secure or sustainable. In order to examine all three related issues within the context

of each other, Biotechnology in Agriculture and Forestry: Convergence of Food
Security, Energy Security and Sustainable Agriculture has integrated them into a

focused discussion of sustainability and security. This book contains chapters

written by renowned international authors, whose first-hand experiences have

made them uniquely qualified to address and define the problems as well as to

synthesize and propose potential solutions.

The book is launched by three poignant chapters concerned with sustainable

food and energy policy in Part I. In these chapters, the authors remind us that among

the critical needs in the near future will be food and energy security. The authors

pursue sustainable solutions through innovation and research including rethinking

and reconfiguring bioenergy production as well as regulatory issues.

Part II contains two chapters that are primarily devoted to sustainable land and

water use. Soil conservation tactics including control of erosion, tillage, enhance-

ment, and improvement are discussed in the context of sustainable agriculture. The

second chapter also features the impact of technology and policy on land use.

Part III includes two chapters devoted to sustainable and secure food production.

In this section, the first chapter explores why GMOs have received bad press from

the popular media in the past and how corporations might better package their

message to allay public mistrust. In the second chapter, the authors make a case for

using soybeans as an excellent economical and sustainable source of omega fatty

acids for human diets instead of depending on cold water fish species, which are less

sustainable and perhaps even unsustainable in the future given overfishing.

Part IV has three chapters that discuss sustainable agriculture. In the first

chapter, current and future “best practices” are examined in the context of sustain-

able agronomic systems. The authors of the second chapter in this section discuss

soybean breeding throughout the twentieth century and related the gains made in

yield to sustainability. The third chapter explores the tremendous impact that

herbicide-tolerant crops have had on the food and fiber sources in the world as

well as links the use of GMO crops and reduced tillage to soil quality improvement.

Part V looks at sustainable agricultural and food security at the international

level. The first chapter in this part examines how the introduction of Bt resistant

cotton varieties has significantly reduced use of herbicides, increased yield, and

resulted in economic improvement in west Africa. The second chapter outlines the

international educational and training programs of the Borlaug Institute. These

programs have tremendous impact on sustainable agriculture in developing nations.

The third chapter in this part describes a partnership between traditional breeding

and biotechnology (Bt) to develop higher yielding, drought-tolerant white hybrid

corn cultivars for farmers of sub-Saharan Africa.
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Part VI examines the importance of agricultural chemicals and nutrient man-

agement in sustainable agricultural systems. The first chapter relates herbicide

usage and weed control to soil management of erosion and water and fuel economy.

The second chapter explores a program nutrient best management practices and

improving nutrient use efficiency for crops.

Biotechnology in Agriculture and Forestry: Convergence of Food Security,
Energy Security and Sustainable Agriculture will serve as an important source of

information for regulators, scientists, and laymen alike. It will stimulate a much-

needed discussion of food and energy security as they relate to sustainable agricul-

ture and foster a rational basis for making decisions on crucial issues that affect our

daily lives.

Knoxville, TN R. N. Trigiano

Apopka, FL D. J. Gray
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Preface

One of the greatest concerns of the current generation is how are we going to

provide food for the next generation in a manner that respects our finite natural

resources. However, perhaps the critical question is how are we going to feed the

next two generations especially with a global population expected to exceed nine

billion people by 2050 (http://esa.un.org/UNPP and http://www.census.gov/main/

www/popclock.html). With the expectation of feeding a growing population, addi-

tional pressure is placed on how we more efficiently utilize the natural resources

required for food production. This includes land, water, fertilizer, and other

resources and how to employ these in a sustainable manner. We are concerned

about appropriate management of our agricultural resources at the beginning of the

twenty-first century; therefore, it is imperative that we start to plan now for

managing these resources in a sustainable way for the year 2050 and beyond.

From the time man made the transition from a nomadic to agrarian society, land

has been altered for the purpose of growing cultivated crops. The earliest record of

deforestation for the purpose of plant cultivation was approximately 9,000 years

ago in the Ghab Valley of Northwest Syria (Yasuda et al. 2000). Since this time,

man has primarily relied on incorporation of more land for agricultural production

as the primary means for increasing food production at the expense of the native

species that were originally present. Increased incorporation of arable land for food

production continues today, particularly in developing countries. The FAO in a

2012 report by Alexandratos and Bruinsma described both increase and decrease of

arable land for food production projections. More specifically, there will be a

reduction in arable land in developed countries (North America and Europe pri-

marily) and an increase in land for producing food in developing countries (pri-

marily Asia, South America, and Africa). Within Latin America, it has been

estimated that the rate of deforestation of humid tropical forests to be 5.8� 1.4

million hectares lost each year, with a further 2.3� 0.7 million hectares of forest

visibly degraded (Achard et al. 2002). The net change across all world regions

inclusive of developing and developed countries is for more land to be used for food

production (Alexandratos and Bruinsma 2012). With land being a finite resource,

continuing this pattern is not sustainable. Therefore, it is imperative that food
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production be increased on the land that is currently utilized for agricultural

purposes.

In a recent FAO report, How to Feed the World in 2050, the three drivers

affecting food security are population growth, increase in urbanization, and

increase in income (FAO 2009). A good example of increased urbanization and

increased income over the past decade has been in Asia, particularly China and

India (Zhou et al. 2004; Bloom and Finlay 2009). It is expected that additional

demand on the food system will come from those individuals living in countries

with rapidly growing economies where the variety of foods consumed will likely

increase (Edgerton 2009). This additional pressure on food production will increase

in addition to the pressure placed by the demand due to an increase in the sheer

number of people by 2050.

The World Health Organization in 1996 defined Food Security as when all

people at all times have access to sufficient, safe, nutritious food to maintain a

healthy and active life. The USDA, in a 2013 study by Coleman-Jensen et al.,

defined Food Security as households that have consistent, dependable access to

enough food for active, healthy living. Furthermore, the authors quantified this and

determined that 85.5% of U.S. households were Food Secure throughout all of

2012, indicating that 14.5% of U.S. households were Food Insecure at least some

time during the year in 2012. The WHO and USDA definitions are certainly similar

in scope, and there is some ambiguity in the details.

Hand-in-hand with Food Security is Energy Security. The International Energy

Agency (IEA) defines Energy Security as uninterrupted availability of energy

sources at an affordable price. The United States Congressional Budget Office

defines Energy Security as the ability of households and businesses to accommo-

date disruptions of supply in energy markets. Clearly these definitions define energy

security from two different perspectives and leads to ambiguity regarding the

discussion involving energy security.

What is the definition of Sustainable Agriculture? Recently, in the United States,

there has been considerable pressure to alter the definition of sustainable agriculture

from how it is defined by the United States Department of Agriculture. It is

important to have a definition that is endorsed by the Federal government as it

will serve as the central element for program grants, such as the Sustainable

Agriculture Research and Education (SARE) program through NIFA. The defini-

tion of sustainable agriculture utilized by SARE is as follows:

The term “sustainable agriculture” (U.S. Code Title 7, Section 3103) means an

integrated system of plant and animal production practices having a site-specific

application that will over the long term:

• Satisfy human food and fiber needs.

• Enhance environmental quality and the natural resource base upon which the

agriculture economy depends.

• Make the most efficient use of nonrenewable resources and on-farm resources

and integrate, where appropriate, natural biological cycles and controls.

• Sustain the economic viability of farm operations.

• Enhance the quality of life for farmers and society as a whole.
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The 1990 U.S. Farm Bill emphasizes sustainable agriculture upon three key

components: environmentally friendly, economically viable, and accepted by

society.

The debate over the definition of sustainable agriculture has been ongoing for

several years (see Redick, Chap. 3) and extends far beyond the United States to

virtually every country in the World. In the future, there will be a need for a global

definition of Sustainable Agriculture that spans all the continents. Clearly a balance

is necessary regarding the definition of Sustainable Agriculture and, more so,

regarding the interaction of Food Security, Energy Security, and Sustainable

Agriculture. This was the impetus behind the creation of this book and its title

“Convergence of Food Security, Energy Security and Sustainable Agriculture.” It is

the convergence where we need to be as a global community to serve the caloric

needs of humanity. It is the convergence where we need to be as a global commu-

nity to grow the food that we need for life. It is the convergence where we need to be

as a global community to insure that our children and grandchildren have food to

eat in the next generation and beyond.

San Diego, CA David Songstad

References

Alexandratos N, Bruinsma J (2012) World agriculture towards 2030/2050: the 2012 revision. ESA

working paper no. 12-03. FAO, Rome

Archard F, Eva HD, Stibig HJ, Mayaux P, Gallego J, Richards T, Malingreau JP (2002) Determi-

nation of deforestation rates of the world’s humid tropical forests. Science 297:999–1002

Bloom DE, Finlay JE (2009) Demographic change and economic growth in Asia. Asian Econ

Policy Rev 4:45–64

Coleman-Jensen A, Nord M, Singh A (2013) Household food security in the United States in 2012.

Economic report no. ERR-155, USDA, 41 pp

Edgerton ME (2009) Increasing crop productivity to meet global needs for feed, food, and fuel.

Plant Physiol 149:7–13

FAO Report (2009) http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_

Feed_the_World_in_2050.pdf

Yasuda Y, Kitagawa H, Nakagawa T (2000) The earliest record of major anthropogenic defores-

tation in the Ghab Valley, northwest Syria: a palynological study. Quat Int 73–74:127–136

Zhou L, Dickinson RE, Tian Y, Fang J, Li Q, Kaufmann RK, Tucker CJ, Myneni RB (2004)

Evidence for a significant urbanization effect on climate in China. PNAS 101:9540–9544

http://esa.un.org/UNPP

http://www.census.gov/main/www/popclock.html

Preface xi

http://dx.doi.org/10.1007/978-3-642-55262-5_3
http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf
http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf
http://esa.un.org/UNPP
http://www.census.gov/main/www/popclock.html


ThiS is a FM Blank Page



Contents

Part I Food and Energy Security and Sustainable Agriculture Policy

1 Creative and Innovative Research: Our Only Hope for Achieving

Sustainable Food and Energy Security . . . . . . . . . . . . . . . . . . . . . . 3

Gale A. Buchanan and Raymond L. Orbach

2 Moving Toward Energy Security and Sustainability in 2050 by

Reconfiguring Biofuel Production . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Stephen R. Hughes, Bryan R. Moser, and William R. Gibbons

3 Sustainability Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Thomas P. Redick

Part II Soil and Water

4 Soil Degradation, Land Use, and Sustainability . . . . . . . . . . . . . . . 61

Jerry L. Hatfield

5 Impact of Technology and Policy on Sustainable Agricultural

Water Use and Food Security . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

Mahbub Alam, Greg Kruger, Sharon B. Megdal, and David Songstad

Part III Sustainable and Secure Food Production

6 Turning the GM Battleship: The Tide of Popular Opinion

and the Future of Genetically Modified Foods . . . . . . . . . . . . . . . . 115

James E. McWilliams

7 Sustainable Production of Omega-3 Fatty Acids . . . . . . . . . . . . . . . 129

Jay Whelan, Ronald Hardy, Richard S. Wilkes, and Henry E. Valentin

xiii


