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Preface

Humans on Earth, although constantly in a struggle to find food, have been able to survive, multiply, overcome changing physical and cultural challenges, and flourish. Those life forms that were not able to adjust to changing cultural or physical parameters have faded into oblivion. In contrast, humans—hominids with a mental capacity sufficiently developed to think, create, and modify physical environments—spread from their centers of origin and now inhabit even the most remote lands of the Earth. They also developed value systems, traditions, and social organizations (i.e., culture). Culture ensured human survival, and cultural unity provided social stability and mutual assistance in times of acute food shortage, life-impacting hunger, and loss of life from famine. Humans, bolstered and supported by other humans, expanded their creative abilities and inventive skills along with their numbers, and the Earth began to be modified by their actions. The role of humans in changing the face of the Earth in the 21st century will undoubtedly exceed current human imagination.

It is possible—though not probable—to visualize the world in the 21st century without hunger, little seasonal or chronic undernutrition, no nutrient deficiencies, and little nutrition-related illnesses. Many political leaders, decision makers, and public opinion molders do not accept the concept of food as a basic human right. Many world citizens do not believe that food availability is a matter of facilitating food distribution. Many national financial planners do not support the inclusion of a pervasive safety net of emergency assistance, entitlements, and special need programs as a permanent component of national agendas. The world, as a result of human inventiveness and creativity, has shrunk. Places and those who inhabit places have been brought together, and what calamity befalls one nation has an impact on all nations of the Earth. A new more compassionate world society must be willing and ready to cope with the unexpected in the future. Change in the past was slow and rather steady; change in the future will be quick, affect a greater number of human lives, encompass more aspects of life, and place the environment of the world and the social institutions of billions under considerable strain.


Quotes About Hunger

There have been countless statements made by respected, knowledgeable, and concerned men and women about the suffering and pain of those who lack food or are starving. Many of these statements have been recorded, and some have been repeated in oral histories or in published works. All quotes that have passed the test of time have value to new generations. Examples of memorable quotes on hunger by Jeremiah, Chaucer, Wilson, LaGuardia, and King give authority to those who fight hunger.

Arise, cry out in the night

At the beginning of the watches,

Pour out your heart like water

In the presence of the Lord!

Lift up your hands to Him

For the life of your infants,

Who faint for hunger

At every street corner. . . .

—Lamentations 2: 19

His yonge sone, that thre

yeer was of age, unto hym seyde,

“Fader, why do ye weep? . . . Is

ther no morsel breed that ye do

kepe? I am so hungry that I

may nat slepe.” Thus day by day

this child bigan to crye. . . .

“Farewel, fader. I moot dye!”

And kiste his fader, and dyde . . .

—Geoffrey Chaucer, “The Monks Tale,” Canterbury Tales


“Hunger does not breed reform; it breeds madness, and all the ugly distempers that make an ordered life impossible.”

—President Woodrow Wilson




“We can plant wheat every year, but the people who are starving die only once.”

—New York Mayor Firorello H. LaGuardia




“When I die, don’t build a monument to me. Don’t bestow me degrees from great universities. Just clothe the naked. Say that I tried to house the homeless. Let people say that I tried to feed the hungry.”

—Dr. Martin Luther King, Jr.



—William A. Dando



Hunger and the threat of famine exist in a world of plenty. In the first decade of the 21st century, 24,000 people died of starvation every day, and nearly 9 million each year. Between 1 billion and 4 billion people lived in grades of poverty so severe that they were unable to obtain enough food to meet their daily needs. Nearly 1 billion of the Earth’s inhabitants suffered from malnourishment and a lack of clean drinking water. A silent holocaust of immense scope continues to claim lives day after day, month after month. The loss of a single life as the result of hunger or because of a hunger-related disease is tragic, because it could have been prevented. The world does produce enough food for all who live here, and, if we act wisely and prudently, it will continue to do so for future generations. The world community possesses both the financial and technical resources needed to end hunger, yet 925 million world citizens experienced issues of chronic hunger in 2010, and 50 million Americans lived in food-insecure households. In 2011, the world’s population growth rate was 1.2 percent, increasing the world’s population by approximately 83 million each year. The world’s population in 2011 was 7 billion. Virtually all population growth is now taking place in the developing countries of Africa, Asia, Latin America, the Caribbean, and Oceania. The projected “high” world population in 2050, according to the United Nations, will be 10 billion.

In the 1960s and 1970s, the world food problem was perceived as a food-population problem. Authors such as Garrett Harden wrote on the medical aspects of this overpopulation problem, exploring new ethics for survival, the tragedy of the commons, lifeboat ethics and the case against helping the poor, and the challenges of living with death and triage (i.e., determining who will starve or who will live). Others wrote on critical issues in human ecology, ethics and health care, biomedical ethics in a starving society, impending famines in the world, and the question of who America should feed. Some concerned authors contended that if humans were to avert famines, particularly in developing countries with high population growth rates, world food production had to double—a feat that was thought unlikely. To the dismay of many human ecologists and demographers, growth in world population actually exceeded the most pessimistic expectations in the 1980s and 1990s. In the developed and developing countries of the world, however, food production rose by more than 3 percent per year, even as population increased each year by less than half that amount. Gross world food production kept pace with population growth.

In the first decade of the 21st century, the world food problem was perceived as a problem of food distribution, entitlements, poverty, and affluence. Compounding the concerns of agricultural specialists and world food planners was the uncertainty of food production in a world entering a period of rapid climatic change, the pressure on increased food production exerted by world affluence and revolutionary dietary expectations in developing countries, and the competition for food grains by those who wish to convert grain into fuel and feed for livestock and poultry. National priorities and diets have changed. Diets once composed basically of wheat, rice, potatoes, or cassava are being replaced by diets dominated by meat, fats, oils, sugar, vegetables, and dairy products. Not even the most totalitarian governments would now attempt to reverse this trend in dietary improvement. There exists a world revolution in consumer expectations, and failure to meet these expectations in food and nutrition is a more explosive topic than failure to reach nonfood consumption goals. Deprivation relative to expectations leads to social change; persistent deprivation relative to expectations leads to revolution and strife, especially in large urban centers of developing countries.

Ending hunger in the world and ensuring that famines will not occur again on Earth is a human issue. It is central to resolving a myriad of social issues, such as population growth, civil unrest and revolutions, and environmental destruction—issues that will threaten the quality of life for all earthly beings in the 21st century. Ending hunger and eliminating famine from the human vocabulary pose a highly complex challenge.

In framing this volume, 50 topics were considered essential to provide a comprehensive view of hunger and famine and to pinpoint interconnected responses necessary to create a strategy and action plan for a future free from hunger and famine. The paradigm for success must be based on people’s own creativity, skills, resources, and needs. Simply feeding those in need of food will not end hunger; in contrast, creating an enabling environment in which people are provided with guidance, support, technologies, and models to grow more food will increase self-esteem and elevate self-reliance. Women and girls are the population first and most seriously affected by poverty, hunger, or famine. They must be empowered by knowledge and by assistance in food production, basic nutrition, family planning, basic health care, and education—key areas that affect both their lives and the lives of their families. Old methods of hunger relief and famine aid must be replaced by new ways of thinking and new approaches. Leadership at all levels is of great importance, and individuals with deep commitment, demonstrated integrity, and openness to all within a society and all suggestions must be mobilized. Leaders, once identified and their responsibilities defined, must bring together decision makers and activists from all critical sectors, government agencies, nongovernmental organizations (NGOs), academia, business and religions, working in equal co-partnership. They must gain insights into and a shared understanding of the problem, identify the priority areas where action is required, and develop clear strategic objectives. Action then must be taken where it can succeed and produce desired results. A momentum of accomplishments will lead to more accomplishments, more success, less hunger, and no famine.

Volume 1, Topics and Issues, of the two-volume Food and Famine in the 21st Century book set covers 50 topics, carefully selected and linked together to provide a reader with an understanding of the basic components and central issues that create or solve hunger problems and initiate or mitigate famines. Topics were determined from careful analysis of what was published in the past, what is being discussed in professional meetings today, and what were identified as critical components of the hunger–famine problem in the future. Every author who was invited to contribute an entry in Volume 1 either had published on the topic, wrote a dissertation on the topic, gave a professional paper at national or international scholarly gatherings, or was recognized by his or her peers to be a specialist in the topic. Each entry was carefully reviewed and edited by professionals who had backgrounds in food, hunger, and famine issues. To our knowledge, there is no other publication available that is as comprehensive and includes the results of so much research and intense investigation as are found in Volume 1, Topics and Issues, and Volume 2, Classic Famines. I am especially grateful for the time, effort, and commitment to this writing project by my wife and partner, Caroline Zaporowsky Dando, and to those authors who wrote entries for Volume 1 and chapters for Volume 2.

This writing project was not initiated by me. It was a topic that the editors of ABC-CLIO determined needed to be addressed, where their survey of the literature found a void. Much had been written about hunger and famine in the 1960s and 1970s, but slowly the interest in the topic declined even though the problem persisted. I was selected to be the author/editor of this project by ABC-CLIO and offered the opportunity to frame a two-volume book set, determine topics, select contributors, and approve or disapprove each entry or topic. Kaitlin Ciarmiello, Acquisitions Editor with ABC-CLIO, approached me officially on December 17, 2009, and asked if I would be interested in taking on this project as the author/editor. After much thought and after conducting an international survey of potential entry and chapter articles, I signed a publishing agreement on February 8, 2010. I would like to thank Kaitlin Ciarmiello for the invitation to author and edit Volume1 and Volume 2 of the two-volume book set, Food and Famine in the 21st Century. Also, I would like to thank Cathleen Casey, an ABC-CLIO Editorial Assistant; Barbara Patterson, Project Coordinator, Books; Kim Kennedy-White, Development Editor; and Christian Green, Development Editor. Although I have had wonderful authors to work with and the fantastic editorial skills of my wife, Caroline, I assume full responsibility for any errors found in the final copy.

—William A. Dando


Introduction

Topics and Issues: Scope and Application

The Earth is the only known home of humankind. People live on the surface of the Earth in physical and social environments that are extraordinarily complex, extremely diverse, infinitely renewing, and very fragile. Humans have evolved to conform with their environments and, for the greater part of human history, have constantly been molded and supported by their physical and cultural environments. They have learned that the key to survival is not resistance to change, but rather meeting change with change. In the early years of human history, surviving in a hunting and food-gathering culture required enormous areas of territory. Climate and cultural changes prompted people to migrate from the place where they were born to places where food was available. Hunger and famine plagued those who could not find adequate foodstuffs to maintain their bodies.

Substances in food (i.e., nutrients) are required by the human body for energy, growth, maintenance, and repair. Also, the effects of a balanced diet on other health dimensions are far-reaching. Physical health is extremely dependent on the quantity and quality of food-supplied nutrients to the body. Intellectual health relies on a well-functioning brain and central nervous system. Cognitive abilities and learning problems are, in turn, influenced by nutrient levels—and detrimentally affected by deficiencies. Emotional health is damaged by undernutrition and malnutrition, manifested by feelings of anxiety, rage, confusion, fear, and trembling. Social health centers on food-related occasions, and it is sometimes affected by the quality of a person’s relationships with family and friends. Meals anywhere can be an enjoyable experience or a tense ordeal. Finally, spiritual health has ties to food. Some religions prohibit the consumption of specific foods. For example, both Islam and Judaism forbid consumption of pork; Seventh-Day Adventists consume only plant foods and dairy products. In India, cows are sacred animals and are not eaten. Humans, through time, have learned to adapt, secure foodstuffs, improve the quality of their diets, and survive. Even so, the world’s population has always been vulnerable to hunger, starvation, and famine.

Famine: A Life-Taking Cultural Hazard

Natural and cultural hazards were once considered to be the consequences of an extreme physical event (acts of God), technological failures (acts of machines or operators of machines), or cultural failures (acts of humans and results of human decision making). Today, however, hazards are no longer viewed as singular events, but rather as complex interactions between natural, social, and technological systems. Hunger, starvation, and famine were, at one time, considered natural hazards and a means by which nature controlled population growth. Today, they are acknowledged as cultural hazards, interrelated with natural hazards, increasingly complex, and difficult to resolve. Natural hazards may cause crop failures or reduced yields; humans, by denying foods they have available to those in need, may cause famines. In this way, hunger and famine are embedded in larger political, social, economic, and technological systems. It is impossible to separate these influences from the problems of hunger and the loss of life in a famine. Reducing hunger on Earth and eliminating famines are very complex challenges, requiring new approaches at the local, regional, and global scales. In a world linked together by telephones, television, radio, cell phones, and international air carriers, hunger and famine issues become increasingly politicized, and life-saving food-sharing options are debated in the court of public opinion.

Humans’ current increased vulnerability to cultural hazards, such as food shortages, hunger, starvation, and famine, is a function of both socioeconomic and political forces. In the 21st century, societal processes and decision making will determine the extent and occurrence interval of food deficiency-related cultural hazards. Hunger and famine will be intensified and populations made more vulnerable by social, political, and economic constraints on their responses and food aid. Tempering and resolution of food-deficiency events will require an understanding of physical settings, population distributions and density, socioeconomic stages of development, political contexts, and the role of individuals and impacted-area leaders if the world is to effect positive change.

Food-Famine Resolution Paradigm

A basic food-famine solution paradigm evolved as more data became available, as new methods of spatial analysis were developed, and as knowledge of human food-nutrition needs expanded. This paradigm includes the following elements:

1. Determining the food-producing and food surplus regions of the Earth

2. Creating world, national, and civil division maps of actual and potential hunger and famine regions

3. Calculating the food-population imbalances and the number of people affected by infrequent and frequent food shortages, hunger, and potential famines

4. Studying the spatial and temporal natural and cultural factors that led to acute food shortages, hunger, starvation, and famine in regions or zones of food-deficiency disasters in the past

5. Listing and describing the mitigation measures taken, economic development needs, and the positive and negative responses to requests for food aid, local actions, and “famine foods” consumed

6. Planning for future acute food shortage events that might be triggered by natural events and regional or national cultural–political decisions, then potentially magnified by political callousness and political expediency, in both rural and urban megacities in the developing world

7. Identifying and suggesting methods to increase local, regional, national, and international social discourse and social activism and to reduce resistance to end temporary food shortages, hunger, starvation, and famine

8. Formulating an all-encompassing international educational thrust that changes the way many world citizens perceive poverty, hunger, and life-impacting food, hunger-to-famine continuum problems

That All May Eat

The first decade of the 21st century has provided a foretaste of what humans can expect to occur in the next 90 or so years. Large area-encompassing droughts in major grain-producing regions, massive flooding of productive farmland, and devastating earthquakes and tsunamis have negatively affected food production and processing, and life-claiming tornadoes have destroyed food storage capabilities and food transportation-to-market systems. The world also is experiencing costly military conflicts, life-taking religious slaughters, and an international recession. Despite these challenges, however, a major food shortage or famine has not been reported anywhere on Earth.

Basically, there always has been food available to feed the world’s people. Enough food is available today to feed more than 7.3 billion humans. Unfortunately, attempts to elevate the quality of life of all humans and to deal with the food–poverty–population problems of the future have been hampered by the passivity of many world citizens and the complexity of the issue. Millions of impoverished, undernourished people in remote areas of economically developing agrarian countries have been forgotten by their own governments and urban dwellers, and they have never been made known to the leaders of affluent, technically advanced nations. Also, the complexity of the current problem is greatly underestimated, because few have given thought to how to provide water and food for 9 to 10 billion people who will populate the Earth in 2050.

The solution is not simply to produce more food; rather, the catalyst for action rests with the governments of developing countries. Burgeoning food deficits in the poorer countries of the world represent ominous warnings. This life-claiming threat must not be overlooked during periods of food surpluses and on basic developed world nations’ cooperative agendas. It is politically important that all nations of the world be self-sufficient in food staples. International natural and cultural hazards’ uncertainties must be expected. Each government, by its own action or inaction, will determine its country’s ability to feed its citizens. Short-term political considerations by the governments of both developed and developing countries of the world must be replaced by long-term planning action programs—so that all may eat.

Framing Volume 1

Determining what should be included in Volume 1, Topics and Issues, of this two-volume book set focused upon food and famine in the 21st century, was a daunting task. The topic is extraordinarily complex. The book design had to include or cover aspects of the major topics and issues to which readers should be exposed if they want to understand the significance and ramifications of the world’s agricultural systems, food production, food availability, food shortages, hunger, starvation, and famine. The intent was not to write or edit an exhaustive treatise—indeed, any article or chapter easily could have been expanded to fill a volume on its own. Instead, the goal was to provide a general introduction to the issues of food and famine in the 21st century that presupposes no background in the sciences and requires only an inquisitive mind to grasp. It is framed so that any college student, interested adult reader, or high school honors or AP student could read the text with understanding and profit from it. A “Further Reading” list is supplied at the end of each entry; a comprehensive bibliography can be found at the end of the volume; and an index assists readers in finding specific topics or locating where specific issues are discussed. The book begins with a preface, then a brief introduction, followed by 50 topic entries. These 50 topic entries provide critical insights into what has become “A Food and Famine System” (Table 1). Entries can be read individually or in a clustered theme. Thus Volume 1, Topics and Issues, can be used as a reference work or as a classroom textbook in a 10-week quarter system or a 15-week semester system. The theme statement to Volume 1 is entitled “That All May Eat” and includes short discussions and comments on five topics.

Table 1. A Food and Famine System (a book-use framework by entry title)



	I. That All May Eat (in the Preface and Introduction)
The Complexity of the Challenge, xi–xviii
Factors Involved in a Solution, xviii
Natural and Cultural Hazards, xix
Divergent Aid and Response Policies, xx–xxvi
Solutions, xxvii




	II. Experiment, Adapt, or Starve: The Agricultural Revolution
Agriculture, 1
Biodiversity, 49
Animal Husbandry, 23
Agriculture, Economics, and Milk, 11
World Agricultural Systems, 429
Green Revolution, 249




	III. By the Sweat of Their Brow: The Basics of Food Production
Soil, 367
Arable Land, 39
Carrying Capacity, 66
Climate Change and World Food Production, 79
Conservation and Sustainable Agriculture, 94
Organic Agriculture, 329
Carbon and Conservation Tillage, 57
Sustainable Food Production, 375




	IV. The Quiet Revolution: Enriching the Human Diet
Food Sources, 225
Cereal Foods, 71
Food Diffusion, 181
Food, Famine and Popular Culture, 191




	V. Natural and Cultural Hazards: Problems in World Food Provisioning
Evidence for and Prediction of Future Climate Change, 129
Desertification, 110
Drought, 120
North American Agroclimatic Regions: 2000-2100 CE, 308
Nutrition, 319
Deficiency Diseases, 103
Food Safety, 216
Food Poisoning, 199




	VI. Silent Deaths: Hunger and Famine
Historiography of Food, Hunger and Famine, 259
Malthus, Thomas Robert, 279
Hunger and Starvation, 269
Protein and Protein Deficiency, 339
Animal Proteins, 32
Famine, 139
Unbounded Food Trade: A Deterrent to Hunger and Famine, 415




	VII. Human Resourcefulness: Responding to Food and Famine Issues in the 21st Century
Remote Sensing of Food Production, 347
Geotechniques, 242
FEWS Net, 148
Genetically Modified Foods, 235
Farm Adjustments to Climate Change, 154
New Energy Sources, 299
Community Supported Agriculture, 86
U.S. Farm Machinery Industry, 415




	VIII. Saving Lives: Food Aid and Famine Response
Food Policy Debates: Global Issues of Access, 208
Food Aid Policies of the U.S.: Contrasting Views, 162
Food Assistance Landscapes in the U.S., 171
Mapping the Geography of Hunger in the United States, 288
Food, Famine, and Popular Culture, 191




	IX. Educating the Decision Makers of the Future
Teaching Concepts, 389
Teaching Data Sources, 394
Teaching Definitions, 398
World Food Day, 438




	X. Feeding 10 Billion More Humans
World Population and Demographic Projections to 2050, 445
Evidence for and Predictions of Future Climate Change, 129





To introduce the topics and issues involved in producing food, six topic entries were selected from the 50 included in Volume 1. These six topics focus upon the sources of food, world agricultural systems, and the Green Revolution. Their theme can be summarized as “Experiment, Adapt, or Starve: The Agricultural Revolution.” This collection of entries provides the reader with an understanding of the significance of the Agricultural Revolution and agriculture, the great diversity of plant and animal food sources, the importance of animal husbandry, the impact of agriculture and food economics in the daily lives of humans, the evolution of a complex world agricultural system, and the impact of the Green Revolution.

Eight topic entries were grouped into the theme “By the Sweat of Their Brow: The Basics of Food Production.” This collection offers insights into the importance of soil and arable land; discusses the term “carrying capacity”; notes the importance of climate in agriculture; and cites factors involved in climate change, the significance of conservation and sustainable agriculture, trends in agriculture, including organic agriculture, and means to sustain a food-producing physical environment in the future.

Four topic entries were grouped into the theme entitled “The Quiet Revolution: Enriching the Human Diet.” These entries pinpoint food sources, list the basic foods of the world in the 21st century, describe the diffusion of foods from one part of the world to another, and analyze the role of food in popular culture and the perception of hunger and famine.

Eight topic entries were clustered into the theme defined as “Natural and Cultural Hazards: Current Problems in World Food Provisioning.” Today humans are faced with undeniable evidence of climate change. The ice caps of Antarctica, Greenland, and the Arctic are melting at a rapid rate, sea level is rising, storm patterns have changed and storms intensified, and droughts and flooding have reduced food production in many parts of the world. This group of entries provides evidence of future climate change impacts, outlines the problem of desertification and expanding deserts, explores the role of drought and water shortages on crop yields, provides maps of changing North American agroclimatic regions, and stresses the ramifications of food poisoning and the need for food safety.

Seven topic entries were grouped into the theme of “Silent Deaths: Hunger and Famine.” In recent years, there has been an upsurge in historical studies of local food shortages, hunger incidents, and famines. Included in this selection is a historiography of food, hunger, and famine; a critical examination of Thomas Robert Malthus’s impact on food aid and famine relief in the period between 1800 and 2000 CE; and discussions of the horrors of hunger and starvation, the suffering during a famine, and the deterrents to hunger and famine posed by unbounded foodstuff trade.

Eight topic entries were collected under the theme of “Human Resourcefulness: Responding to Food and Famine Issues in the 21st Century.” From the beginning of time, their ingenuity and resourcefulness have enabled humans to overcome adversities and life-taking problems. Today, in the early years of the 21st century, humans have the tools and the capability to monitor worldwide food production, land-use change and conversion, and environmental destruction. This group of entries illustrates the capabilities of satellite remote sensing and an amazing array of geotechniques that provide very accurate data on food production and areas of food production problems, comments on the significance and future of genetically modified foods, offers an example of farm adjustments to climate change, and provides insights into new energy resources, the growth of community-supported agriculture, and innovations occurring within the U.S. farm machinery industry.

Five topic entries were grouped into the theme of “Saving Lives: Food Aid and Famine Response.” For political reasons, until 1969, the United States’ foreign assistance agencies were reluctant to support overseas development programs to increase productivity of basic food crops. At the same time, few decision makers understood the complexity of hunger and famine issues, which were primarily biological and social in nature. This cluster of entries begins with an overview of food aid policy debates and then explores food policies of the United States, food assistance programs and landscapes within the United States, and mapping hunger in the United States.

Four topic entries were grouped into the theme of “Educating the Decision Makers of the Future.” For humans to reduce poverty and alleviate the possibility of famines, they must have the will and wisdom to identify problems, determine critical issues, devise plans to overcome the problems, and implement these plans quickly and effectively. People with vision must be nurtured, educated, and supported. Education is the basis of human progress and a conflict-free world of the future. The four topic entries included in this group begin with teaching concepts, teaching data sources, and teaching definitions. They conclude with an in-depth study of World Food Day as a teaching-action forum.

The final theme of “Feeding 10 Billion More Humans” is covered by two topic entries. These entries comments on world population trends and projections to 2050, the second on climate change. The world’s population is increasing, more than half of the world’s population now lives in developing countries, and these low-income countries have the most acute food problems. Unfortunately, food production gains have been offset by population increases. Unless significant changes occur, the world’s food–poverty population situation will become significantly worse. Governments that fail to respond to their citizens’ demands for food will be replaced.

Regionalizing the Factors That Create and Sustain Famine

Hunger and famine regions are defined and delimited on the basis of similar, associated, or combined factors that provide internal unity or homogeneity and distinguish famine regions from surrounding areas. The 10 famine regions defined and delimited in Volume 2 are based on multiple factors or a combination of complex factors. Most of these factors are described in the 50 entries found in Volume1. Regionalizing famine factors to determine the extent of death-producing starvation and disease may create either a small famine region, such as a city or place, or a larger region, such as a country. In the past, world maps of famine events were based on hundreds of famines and were, in essence, multifactored physical and cultural combination famine zones. After delimiting and defining a famine region, a great deal of time and effort was devoted to determining the single, multiple, or interacting factors that reduced loss of life or ended the famine. Volume 1, Topics and Issues, provides readers with insight into those factors or associated factors that, when imbalanced, produce a famine. Volume 2, Classic Famines, synthesizes, regionalizes, and analyzes factors to produce a descriptive narrative that gives the reader an understanding of the famine event that could not be gained otherwise. Each famine was critically researched and the triggering or contributing factors examined carefully and in detail to determine why it happened and, if the same combination of triggering or contributing factors were to emerge in the future, why famine might be expected to happen again. All famine regions have distinct characteristics, and they are bonded primarily by one factor—many people have suffered horribly and died.

The 10 classic famines included in Volume 2 were identified and selected from a data bank of thousands of famines. They are models for potential future famines.

1. Russian and Soviet Famines: 971–1947. Repressive social systems controlling food production and utilizing funds secured from the sales of agricultural products to support the elite, the government, or the purchase of equipment for industrial development led to famines. See Volume 1 topic entries beginning on pages 1, 11, 23, 71, 120, 139, 269, and 279.

2. Indian Famines: 1707–1943. Famines were nurtured by poverty, entitlement conflicts, and colonialism, which collectively produced an environment in which food was used to fund governmental and military expenditures, support a ruling class, and enrich colonial masters. See Volume 1 topic entries beginning on pages 1, 39, 66, 71, 120, 139, 225, 269, 279, 319, and 415.

3. Chinese Famines: 108 BCE–1961 CE. Population pressure on a limited amount of good arable land, internal strife and wars, expanded settlement in drought and flood-prone marginal food-producing land, and unwise political decisions resulted in famines. See Volume 1 topic entries beginning on pages 1, 11, 66, 71, 79, 120, 139, 225, 269, 279, 319, 367, and 429.

4. Great Irish Famine: 1845–1850. An exploitive political system and population pressure on arable land provided the setting for a potato blight that caused crop failures and mass starvation, unleashed cultural prejudice that subsequently restrained famine aid, and resulted in the teachings of Malthus being applied to a real-life situation. See Volume 1 topic entries beginning on pages 1, 39, 66, 103, 139, 162, 181, 208, 225, 259, 269, 279, 319, and 445.

5. Bengal Famine: 1943–1944. The Japanese invasion of South Asian countries during World War II and the threat of the invasion of India led to an Indian government/British military “food denial” policy and the famine that claimed the lives of millions of noncombatants in a food-surplus, densely populated region of India. See Volume 1 topic entries beginning on pages 1, 11, 66, 71, 103, 139, 208, 225, 269, 279, 319, 429, and 445.

6. Dutch Famine: 1944–1945. The German invasion and occupation of traditionally neutral Holland in the early years of World War II led to much hardship and deprivation. Near the end of the war, a food embargo by the Germans led to an unwarranted, primarily urban, famine. See Volume 1 topic entries beginning on pages 139, 191, 208, 225, 269, 279, 319, 339, and 415.

7. Mao’s Famine: 1959–1961. The decision by Mao to rapidly industrialize China in 1959, using rural food producers’ manpower and funds secured from internal and export sales of foodstuffs for industrial machinery, created the largest and most life-taking famine in history. Indifference to peasant loss of life extended this famine. See Volume 1 topic entries beginning on pages 1, 66, 139, 208, 225, 269, 319, 339, and 429.

8. Ethiopian Famine: 1984–1985. A Marxist military dictatorship’s demand that farmers produce and sell, at less than production costs, food to feed urban dwellers; a catastrophic drought; desertification; and a civil war collectively produced a devastating famine. See Volume 1 topic entries beginning on pages 23, 32, 39, 66, 71, 79, 110, 120, 139, 191, 208, 225, 259, 269, 319, and 339.

9. North Korean Famine: 1995–2000. A Soviet Union–implanted military dictatorship in North Korea adopted a Soviet-style agricultural organization system that failed. These factors, combined with a series of natural disasters and a political decision not to inform the world or seek food aid, engendered a brutal, multiple-year famine. See Volume 1 topic entries beginning on pages 1, 39, 66, 71, 79, 103, 120, 139, 162, 208, 225, 269, 319, 339, 347, 415, and 429.

10. Famine in the United States: A Future of Uncertainty. This study concluded that only if a “perfect storm” of circumstances occurred or if Americans considered themselves as a favored segregated entity, detached from the citizens of the world, would the United States experience a famine. See Volume 1 topic entries beginning on pages 1, 11, 39, 66, 79, 86, 94, 129, 154, 162, 171, 208, 235, 242, 288, 299, 308, 329, 347, 375, 415, 429, and 445

Readers are encouraged to not only read the Introduction and the 50 topic entries and issues included in Volume 1, but also the Introduction, the 10 classic famines, and the Postscript in Volume 2. Both volumes are designed to be stand-alone entities—that is, information sources for specific reader needs. Volume 2, Classic Famines, also can be used simply as a reference work, as the second book in a two-volume textbook set for a year-long class or seminar on food, hunger, and famine; or as a one-book text for a 10-week quarter or 15-week semester class devoted to famine.

Time for Renewed Commitment and Positive Thinking for a World Free of Hunger and Famine

Despite the abundance of books, articles, and pamphlets about the factors that contribute to nutrition, food, hunger, and famine, and the differences in opinions found in these publications, there are many points of agreement on these subjects. First, the population-food issue or Earth’s carrying capacity was first vigorously debated in Europe in the mid-19th century. Many figures were proposed, but the general conclusion in the 1890s was that the world could support a population of not more than 6 billion people. This figure was projected to be reached in the 2070s. Many additional variables and factors were then introduced into the conjectures—specifically, world climate and weather data, which were then becoming more comprehensive. The “highest conceivable” population of the Earth, in 1925, was estimated at 16 billion, with 1 billion people in the United States alone. Projecting improvements in seed and livestock and combining these factors with changing technological levels, one group of demographers-geographers contended, in 1925, that the Earth could support, at most, 6.5 billion at the living standards of the French. In later years, numerous projections of the Earth’s carrying capacity were developed, based on the extension of irrigation and land reclamation, yield intensification, exports of farm products, and shifts in dietary emphasis. The wide variation in the population estimates used and the inability to compare the results because of the different research methods used and factors considered, however, limited the usefulness of their findings. Also, some of the absolute maximum estimates were quickly exceeded. The optimum carrying capacity of the Earth is now estimated at 10 to 15 billion people, dependent upon a favorable complex of economic, social, political, and natural conditions or hazards rather than on merely the productive capacity of the Earth’s land and oceans.

Ever since the clergyman-economist Thomas Malthus published his thoughts in the Essay on the Principle of Population in 1798, most researchers and authors have defined or understood the problem of food and famine largely in terms of food production and population growth. The relevant questions to gain insights into hunger and famine in the 21st century are whether the Earth’s ecosystem can withstand the stress placed upon it by human exploitation of the Earth’s resources and whether there is a commitment by the decision makers of the world to reduce poverty, eliminate hunger, and confront any potential of famine through the concerted actions of all food-surplus nations. The tools and the ability to eradicate hunger and famine are in place. But does the commitment necessary to achieve these goals exist?

—William A. Dando
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Humans have always realized that they must eat to live. Today, as in the past, they spend much time, effort, and thought on food. Food nourishes our bodies; contributes to our physical, mental, and emotional health; and provides us with pleasure. Beginning approximately 10,000 years ago, humans made great strides in developing the means to improve the basic foods they were consuming, to increase food production at a place, and to feed more people by exchanging food products. At the beginning of the 21st century, the people of the world are surviving primarily on the yields of cropland equivalent to one-half acre per person. Only one-fourth of the total area of the world is used for agricultural purposes, and only one-tenth of this area is cultivated. Even so, the world’s food producers provide enough food to supply the current needs of over 7 billion people. This is a remarkable achievement and a tribute to the skills, efforts, and ingenuity of a diminishing number of agriculturalists.

Agriculture is the art of understanding the opportunities and potential for food production at a place, determining which crops or food-producing activities are best suited to the location, and making the site or place more productive by preparing the land, planting and raising the crop, harvesting it, storing it, and getting the surplus to markets. In some parts of the world, agricultural food-producing methods and yields are very similar to those employed hundreds of years ago. However, in most parts of the world, with the aid of science, new and improved technologies, better seeds and hybrids, quality-enhanced livestock and poultry, mechanization, and fertilizers, pesticides, and herbicides, more food is produced today than ever before. Modern agriculture is one of the great success stories of human society. In almost every case of acute food shortages or famine, the cause of human suffering and death was not the lack of food somewhere in the world, but rather the will and commitment to supply food to the stricken area or place from food-surplus areas or from storage facilities. Challenges to food producers in the 21st century are related to the projected increase in world population, changing dietary expectations, and the need to supply food to 9 billion or more people from relatively limited cropland with unequal distribution of water in a century of rapid climate change and destructive weather variations.

Origins of Agriculture

Evidence strongly suggests that agriculture was originated by societies who had inadvertently adopted a rudimental sedentary survival system at places they found and occupied that had an intensive assortment of wild food plants and wild food animals. Four major centers of food plant domestication have been posited: the Middle East, the Sahel zone in northern Africa, Southeastern Asia, and sites in Central and South America. The Middle East center also is believed to be where food animal domestication began. Here, plant and animal husbandry became closely related, whereas in the Central and South American center, animal domestication and husbandry were less important. In the Fertile Crescent of the Middle East, goats, pigs, sheep, and cattle (the major food animals in modern agriculture) were first hunted and eaten; later, others were domesticated. Here, wheat and barley seeds were first gathered, then planted. Some sources contend that by 6000 and 5000 BCE, farming villages extended from the Nile River Valley in Egypt to the Tigris and Euphrates valleys of Mesopotamia.

Successive migrations of farmers and herders introduced these basic crops and animals north and westward into Europe by 4000 BCE and then westward into the Sahel zone of Africa. Food crops and animals also diffused eastward into Iran from the Fertile Crescent, then into the Indus Valley and India in approximately 3500 BCE. Chickens are descendants of jungle fowl of India and neighboring countries. Millet, rice, and soybeans were domesticated in China in this time period, and slowly cattle, pigs, sheep, and goats began to be raised for food and skins.

Corn and potatoes were the most important food plants in Central and South America and may have been domesticated at least by 2000 BCE, as well as beans. Two thousand years after the domestication of corn, village farming appeared in the North American southwest and, and eventually beans, squash, potatoes, and corn became the primary food crops. Nowhere in forested eastern North America did crop agriculture—which was primarily a part-time occupation for women—play as decisive a role as in the Middle East, the Indus Valley, China, Central and South America, and the Sahel zone of Africa.

The domestication of livestock and the use of livestock products for food and clothing were initially a survival adaptation by nomadic peoples. Exchange of livestock and livestock products for grain, fruit, and vegetables became common. Eventually in many parts of the world, the distinction between herdsman and cultivator disappeared, and a mixed farming system evolved to take its place. Diffusion of new agrotechniques, the realization that animal manure would restore soil fertility, the introduction of new crops, and improved farm implements gave stimulus to intensification of agriculture. A system of modified pastoral nomadism has survived in areas of mountains and valleys with lowland areas that can grow planted food crops. Transhumance—the spring migration of herds, herdsmen, and, at times, families from lowland valleys up to hill and mountain pastures and then back down to the valley lowlands in the fall—is a proven and successful human adaptation to the opportunities available to increase food availability at places. Over time, selective breeding of livestock led to the creation of the animal stock currently found in the world. Products from ranches and farms now provide more than 90 percent of the food and beverages consumed on Earth, and more than 50 percent of the world’s population is employed in agriculture.

The Modern Agricultural Revolution

The growth of industry in the 18th and 19th centuries and the demand for food by the new urban industrial centers led to a modern Agricultural Revolution. From approximately 1750 onward, an expansion of food needs occurred in the industrial nations of Europe. Vast areas of very productive new agricultural land became available in the New World, as did new crops, wealth, and a surplus of hard-working and talented people willing to leave Europe and exploit the opportunities found in the New World. When settlers left their European homelands seeking a new life in the Americas, they brought with them proven agrotechniques, horses, implements, cattle, sheep, pigs, fowl, seeds, and plants. They found the weather and climate suitable for European crops and animals, and the soils rich enough to produce large amounts of food for export. In segments of the New World, plantation and estate farming became important. Food and beverage crops, such as coffee, tea, cacao, coconut, pineapple, bananas, and rice, were introduced into the countries and colonies of the New World and other regions of the world influenced by European commercial expansion; all were linked with Europe. A blend of Old World and New World crops, livestock, and agrotechniques emerged in many parts of a more commercially interconnected world.

Arable land and land planted to food crops are unequally distributed in the world. Asia, with more than half of the world’s population, has only 31 percent of the world’s arable land; North America and Central America, with less than 10 percent of the world’s population, have almost 20 percent of the world’s arable land; Europe, with 14 percent of the world’s population, has slightly more than 4 percent of the world’s arable land; and Africa, with more than 9 percent of the world’s population, has 18 percent of the world’s arable land. The crops planted, agrotechniques and agrochemicals used, and crop yields vary from continent to continent and from country to country (see Table 2). Wheat, rice, and corn are primary food grains. Wheat is produced mainly in North America, Western Europe, Russia, Ukraine, China, India, Argentina, and Australia. Rice is produced mainly in India, China, Japan, Indonesia, Vietnam, and Thailand. Corn is produced primarily in North and Central America, South America, Europe, China, and India. The major wheat-exporting country in the world is the United States, the major rice-exporting country is Thailand, and the major corn-exporting country is the United States. The major wheat-importing country in the world is Egypt, the major rice-importing country is Bangladesh, and the major corn-importing country is Japan (see Table 3).

Table 2. World Wheat, Rice, and Corn Production (in million tons)



	 

	1935–1939 Average

	1956–1958 Average

	1965

	1999




	1. Wheat

	166

	209

	274

	536




	2. Rice

	162

	203

	256

	512




	3. Corn

	121

	173

	226

	550





Sources: FAO. 1965 Production Yearbook, 1966, 19; 2001 World Almanac and Book of Facts 2001. Mahwah, NJ: World Almanac Books, 2001, 160.

Fruit and vegetable production are intensive agricultural activities that are concentrated in select portions of many countries of the world where weather, climate, and water are adequate for the specific crop. However, commercial apple and pear production is concentrated in Europe and North America; grapes, in Europe; figs, in the Near East and Europe; and bananas, in Central America and South Asia. In the modern world agricultural system, food crops are harvested in almost every month of the year somewhere in the world (see Table 4, as an example).


Corn-Fed Fuel
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Ethanol has been proclaimed by many as the United States’ economic and environmental salvation. Others, however, have expressed a genuine concern about diverting cropland from food production to fuel conversion. A third group of Americans is concerned about the huge subsidies which are stimulating the ethanol boom.

Whatever the motives of supporters or critics, the U.S. government is strongly supporting this energy option, recognizing that it offers a green alternative to fossil fuels. In the United States, 95 percent of the total ethanol production is derived from corn. The Congressional Research Service (CRS) reported that, when it is blended with gasoline, ethanol can reduce emissions and extend gasoline supplies. The American Coalition for Ethanol (ACE) and others contend that ethanol reduces tailpipe–carbon monoxide emissions by approximately 30 percent, and suggest that the growth of ethanol production has caused retail gas prices to be 29 to 40 cents lower per gallon. Nevertheless, ethanol has a lower energy content and more fuel is required to travel the same distance as when petroleum products are used as the source of fuel. Ethanol-producing facilities also need huge amounts of water, and ethanol cannot be transported via gasoline pipelines.

The demand for corn as a source of ethanol has created a shortage and driven up corn prices. Demand for corn is so great that U.S. livestock and poultry producers are now often unable to find or afford the animal feed they need. The exports of corn for food are also being affected by the push to increase ethanol production. The cost of corn or cornmeal in developing countries has put stress on the poor to buy fewer corn products, and they have already had to reduce the amount of corn in their diets. In January 2011, corn stockpiles in the United States were among the lowest levels ever recorded—just 5 percent of the total corn used or exported.



Table 3. World’s Leading Wheat, Rice, and Corn Exporters and Importers: 1998 (in thousands of tons)



	Exporting Country

	Amount

	Importing Country

	Amount




	Wheat

	 

	 

	 




	1. United States

	27,004

	1. Egypt

	7,340




	2. Canada

	17,702

	2. Italy

	6,916




	3. Australia

	15,231

	3. Brazil

	6,395




	4. France

	13,733

	4. Japan

	5,758




	5. Argentina

	10,371

	5. South Korea

	4,695




	Rice

	 

	 

	 




	1. Thailand

	6,356

	1. Bangladesh

	2,635




	2. India

	4,800

	2. Philippines

	2,200




	3. Vietnam

	3,800

	3. Iran

	2,000




	4. China

	3,792

	4. Indonesia

	1,895




	5. United States

	3,113

	5. Brazil

	1,305




	Corn

	 

	 

	 




	1. United States

	42,125

	1. Japan

	16,049




	2. Argentina

	12,442

	2. South Korea

	7,111




	3. France

	7,979

	3. Mexico

	5,212




	4. China

	4,687

	4. China

	5,009




	5. Hungary

	2,109

	5. Egypt

	3,043





Source: World Almanac and Book of Facts 2001. Mahwah, NJ: World Almanac Books, 2001, 160.

Modern Agriculture Types

Agricultural enterprises are classified according to crops and animals raised and the purpose of production. The basic modern agricultural types are as follows:

1. Mixed farming occurs when crops are cultivated for sale and partly for animal feed. The distribution of mixed farming relates to environmental conditions, but it primarily occurs in areas characterized by rolling to flat agricultural land, deep rich soils, and adequate moisture and heat during the growing season. Mixed farming is found in Western Europe, Eastern Europe, Canada, Australia, and New Zealand. Typical food crops are cereals, corn, soybeans, potatoes, and root crops; typical animals raised for food are dairy cows, beef cattle, sheep, pigs, and chickens. Farm output and yields are very high.

Table 4. Wheat Harvesting Months in Selected Exporting and Importing Countries



	Country

	Jan.

	Feb.

	Mar.

	Apr.

	May

	June

	July

	Aug.

	Sept.

	Oct.

	Nov.

	Dec.




	Argentina

	*

	*

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 




	Australia

	*

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 




	Chile

	 

	*

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 




	India

	 

	 

	*

	*

	*

	 

	 

	 

	 

	 

	 

	 




	United States

	 

	 

	 

	 

	 

	*

	*

	*

	*

	 

	 

	 




	Canada

	 

	 

	 

	 

	 

	 

	*

	*

	*

	 

	 

	 




	Russia

	 

	 

	 

	 

	 

	 

	*

	*

	*

	 

	 

	 




	Japan

	 

	 

	 

	 

	 

	 

	 

	*

	 

	 

	 

	 




	United Kingdom

	 

	 

	 

	 

	 

	 

	 

	*

	*

	*

	*

	 




	New Zealand

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	*





Source: C. F. Jones and G. G. Darkenwald. Economic Geography. New York: Macmillan, 1954, 287.

2. Dairy, fruit, and small grain farming is located generally near, and in some cases surrounds, large population centers in the Northern Hemisphere, Australia, and New Zealand. Environmental requirements include mild winters, rainy and cool summers, and soils that will support pasture grass and nutritious hay. Milk brings a premium price in urban regions. Butter, cheese, and other dairy products have high value per weight and are transported over greater distances to market than milk. Many dairy farms resemble mixed farming enterprises except that they concentrate on milk and milk products rather than meat.

3. Mediterranean agriculture is found in selected regions of the world that have a dry summer, subtropical type of climate. In these areas, the weather and climate, which feature winter rains and much summer sunshine, favor the growth of winter wheat and barley, drought-resistant vines, grapes, citrus fruit, vegetables, dates, and olives. Growing grapes for wine is common. This modern agricultural type is found primarily in selected regions around the Mediterranean Sea, California in the United States, Central Chile, Southwest Australia, and the tip of South East Africa.

4. Wheat and small grain farming is a specialized type of modern agriculture that came to the forefront when growing urban populations in Western Europe and the United States required vast quantities of bread grains. This crop type is found in the drier margins of the humid continental climates, the steppe climates, and the humid fringes of the semi-arid climates. Vast acreages of land planted in wheat, rye, barley, and oats are found in the northern Great Plains of the United States and Canada, in Australia, and in Argentina. The relatively low yields per acre are countered by very large farm size and the mechanization of all agricultural activities. Wheat and small grain farms are the largest of all crop-growing agricultural enterprises and the most mechanized. Weather variations and drought are ever-present dangers in most non-irrigated grain-producing regions of the world.

5. Range livestock ranching, like nomadic herding, requires much land and extensive pastures. Beef cattle, sheep, and goats are the primary food-producing animals found on vast ranches in the western United States and Canada, southern Russia, northern Kazakhstan, northern Chile, southern Brazil, Uruguay, Argentina, South Africa, extreme northwest and central Australia, and portions of New Zealand. Great variability in the limited amounts of precipitation from year to year in marginal agricultural areas of the world and, in many cases, on desert fringes exposes both the livestock and the humans who tend the livestock to severe risks.

6. Nomadic herding is an ancient and traditional agricultural type now confined primarily to remote areas of Eurasia, Africa, Canada, and the United States. It is essentially a subsistence economic system in which nomads depend chiefly on the milk, blood, meat, wool, and skins supplied by their livestock. Nomadic herders are constantly or intermittently on the move, searching for forage (animal feed) and water. Sheep, goats, cattle, alpacas, yaks, llamas, camels, reindeer, and horses are tended. Life for nomadic herders is difficult, as they roam in some of the coldest and driest regions of the world, classified by many sources as “non-agricultural areas.”

7. Plantation agriculture is a specialized agricultural type found widely in the tropics. A very distinctive form of agriculture, it is one of the oldest of the modern large-scale agricultural types. Plantations were formed to grow and process cash crops for exports to temperate lands. Most products of plantations have little competition with crops grown where their produce is sold, mainly Europe and North America. Plantation owners recruit workers from local or nearby districts, hire administrative and technical staff from Europe or North America, and purchase plantation equipment, implements, machinery, and even a portion of the food consumed from other parts of the world, but especially North America, Europe, and Japan. Plantation food crops include bananas, cacao, tea, coffee, sugar, pineapple, and nuts.

8. Corn, beans, and livestock farming is one of the most significant and efficient means of producing foods in the world. Field crops include corn, soybeans, wheat, oats, and barley. Crop surpluses are sold and much of the grain is utilized to feed cattle, hogs, and chickens. Farming methods include use of much machinery, close attention to breeding and plant selections, field rotation of crops, fertilization of the soil, and careful selection, tending, and feeding of livestock. The farmer and his or her family supply most of the farm labor. Overall, no other type of farming has more progressive farmers or a higher standard of living. This type of agriculture is practiced in the humid middle latitudes of the world of all continents, except Asia. The model and outstanding development of this farm or agricultural type is the corn belt of the United States.

9. Specialty crop farming is found throughout the world where unique combinations of weather, climate, soils, topography, food plants and trees, and animals are found in close association with a market or where products can be transported to distant markets with ease. A large band of specialty crop farming extends from coastal Connecticut, New Jersey, Virginia, North Carolina, South Carolina, Georgia, Florida, Alabama, Mississippi, and Texas in North America, producing tobacco, vegetables, citrus fruits, peaches, and apples. In Europe, greenhouses cover extensive areas, producing table grapes, tomatoes, and other fruits and vegetables. Most cities of the world have “truck farms” or “specialty farms” that grow and sell the specialized products demanded by consumers.

Trends in Modern Agriculture

The world’s agricultural system in the late 20th century was able to supply the population of the world with high-quality, diverse, fresh, and nutritious foodstuffs at a reasonable price. For example, world food production in 1960 was approximately 40 percent greater than in 1940, representing a nearly 2 percent increase per year. Likewise, the world’s population between 1940 and 1960 increased nearly 34 percent in total, or an average of 1.7 percent per year. The average annual rate of increase in agricultural production exceeded population growth by only a small amount during this period. Since then, spectacular achievements have been made in the breeding and feeding of livestock. In the United States in 1900, it was estimated that one cow supplied the daily need of dairy products for 5 persons; in 2011, it was estimated that a cow supplied the needs of 30 to 35 individuals. In 1930, beef cattle were fed to market weight in 2½ to 3 years; in 2011, only 1½ years or less of feeding was needed to reach this milestone. Chickens that reached a weight of 1½ pounds in 9 weeks in 1930 now weigh 3 to 3½ pounds in the same time span. Farmers in 2011 could choose from almost an infinite variety of improved hybrids that are designed to thrive in local soils, grown under local precipitation and temperature regimes, and produce high yields. Crops are made resistant to drought and disease, adapted to machine cultivation and harvesting, and given qualities desired by consumers. Also, the employment of modern, efficient implements in the United States has accelerated output per farmer at an astonishing rate. Unfortunately, this modern miracle in food production and the achievements in farming are not found in all countries of the world and have not affected all who grow food in the world.

In most cases, a farm undergoing a transformation from traditional practices to a modern enterprise requires large investments of capital and competent management. Farms must be mechanized and the products produced must be harvested quickly and efficiently, so as to satisfy consumer preferences. Modernization of agriculture leads to larger-sized enterprises, reduction in the number of farms, and release of farm workers for other socioeconomic needs. It also leads to the enhancement of the quality of life for those who produce food.

The demand side of world agriculture is influenced by three great pressures in the 21st century: (1) population increase and redistribution; (2) changing consumption standards and improved diets; and (3) climate change. According to the United Nations and other estimates, the world population reached 6 billion in 1999 (see Table 5). This population doubled in approximately 40 years, and the world gained 1 billion people in just 12 years. The world’s population is expected to exceed 9 billion in 2050, with most of the increase occurring in countries that are less economically developed and in which citizens suffer from dietary deficiencies and food shortages.

Citizens of the world are attempting to emulate the diet patterns and the eating standards of their counterparts in North America, Europe, Australia, and New Zealand. Such a diet includes more meat, socially superior food grains, high-quality fruits and vegetables, dairy products, and condiments. An even more important factor in changing diets are the new consumption standards set by modern nutritional science. Food taste and diet changes are most striking in urban-industrial societies and accompany economic and social changes.

Agriculture is the most important of all primary economic activities, yet the most dependent upon weather and climate. In the same way weather and climate help to define climax vegetation formation, they also set limits for crop and animal production. If current climate change models are correct and if the trends noted in the past few decades continue, human survival within current dry or drought-prone regions will be threatened by overpopulation in marginal areas, environmental degradation in once prime agricultural areas, changing weather patterns, acute water shortages, and agricultural region shifts due to climate region reconfigurations and alterations. The greatest negative impact of climate change in the 21st century is occurring in the non-industrial or developing countries of the world with the greatest population increases and with the fewest resources to develop new farmland or make existing farmland more productive.

Table 5. Population of the World, 1950–2000 (estimated in thousands)



	 

	1900

	1950

	2000

	Percentage of World Total in 2000




	North America

	106,000

	372,000

	481,000

	8%




	South America

	38,000

	110,000

	347,000

	6%




	Europe

	400,000

	392,000

	729,000

	12%




	Asia

	932,000

	1,411,000

	3,688,000

	61%




	Africa

	118,000

	229,000

	470,000

	13%




	Former USSR

	—

	180,000

	290,000

	—




	Oceania and Australia

	6,000

	12,000

	31,000

	1%




	World

	1,600,000

	2,556,000

	6,080,000

	—





Source: World Almanac and Book of Facts, 2001. Mahwah, NJ: World Almanac Books, 2001, 860.

To satisfy the pressure placed on the world’s food producers to overcome the pressures exerted by 9 billion or more people, changing consumption standards and diets, and climate change, agriculture in the 21st century must increase production by biological and technological means, expansion of food-producing crop land by utilization of empty or under-used areas, accepting change and taking advantage of climate change opportunities, and integrating food commerce and food supply systems.

Further Reading

Broek, Jan O., and John W. Webb. A Geography of Mankind. New York: McGraw Hill, 1978, 264–280.

Brown, Lester R., Christopher Flavin, Sandra Postel, and Linda Starke. State of the World: 1990. New York: W. W. Norton & Company, 1990, 59–78.

Dando, William A. “Food.” In A. S. Goudie and D. J. Cuff, eds., Encyclopedia of Global Change. Oxford, UK: Oxford University Press, 2002, 455–461.

Dando, William A., and Vijay Lulla. “World Agriculture and Food Provisioning, A.D. 2100.” In Climate Change and Variation: A Primer for Teachers. Washington, DC: National Council for Geographic Education, 2007, 157–165.

Jones, Clarence F., and Gordan G. Darkenwald. Economic Geography. New York: Macmillan, 1954, 145–354, 287.

Phoenix, Laurel E. Critical Food Issues: Problems and State-of-the-Art Solutions Worldwide. Santa Barbara, CA: ABC-CLIO, 1 (2009): xiv–xx.

Statistical Abstract of the United States: 2002. Washington, DC: U.S. Government Printing Office, 2002, 515–538.

World Almanac and Book of Facts 2001. Mahwah, NJ: World Almanac Books, 2001, 160, 860.

Agriculture, Economics, and Milk

Dawn M. Drake

The cost of food in a market economy is often a concern for people who live on limited means and attempt to stretch small incomes to meet family food needs. Prices for food have been on the rise, even in developed nations. In the United States, it is becoming more common for limited supplies of grains to be used for the production of biofuels, such as ethanol, instead of for human consumption. This phenomenon can be termed the “food-to-fuel economy.” The prices of common grain crops, such as wheat, corn, and soybeans, have been on the rise over the last few years (see Figure 1). Corn prices are highly cyclical and are closely tied to the price of oil on the world market. As the price of oil goes up, more corn is used for ethanol production, and the price of corn goes up accordingly. This trend, in turn, increases the costs of production for farmers who need to buy not only corn, but also soybeans to feed livestock and generate livestock products such as milk and eggs. Between 2007 and 2008, average feed costs in the United States increased by 26 percent. Feed accounts for more than one-third of the costs of production for the average hog farm. In other types of livestock operations, animal feed may account for as much as 70 percent of production costs. These cost increases are eventually passed along to the consumer in the form of inflated prices at the grocery store.

One of the most basic foodstuffs in the human diet is milk. Milk prices are affected when farmers choose to sell grain crops for conversion to fuel instead of food. Dairy cattle are dependent on a specific diet, usually made up largely of grains, which is designed to generate the energy necessary to produce milk daily. The ever-increasing cost of grains as well as other inputs has, in turn, been driving costs of production steadily upward, while the value of milk has fluctuated to a lesser extent. This pattern yields lower profits to the farmer who produces dairy products (see Figure 2). As a consequence, many farmers are seeking other opportunities and exiting the dairy industry. A mass exodus of farmers from the dairy industry will lead to scarce supplies of milk and dairy products and, in turn, increase prices to the consumer. Increased prices to the consumer will result in economic decisions for cash-strapped households and perhaps, in the long run, issues of dietary deficiencies and even hunger.
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Figure 1. The increasing price of grain crops in a food-to-fuel economy

Source: Dawn M. Drake. Data from the University of Illinois, 2010.

If the pursuit of a food-to-fuel economy in the United States is driving up the costs of livestock operations as well as the costs of food in the marketplace, why does it continue to happen? Farmers, like most business people, seek profit maximization. A U.S. government policy has made it attractive to turn grain crops, once destined for the marketplace as livestock products, into biofuels, like ethanol, which is consuming an increasingly larger portion of U.S. corn production (see Figure 3). As more of the corn production is diverted into the fuel economy, less is available for other uses, making grains scarce and continuing to drive prices and profits to the grain farmer upward. Tax credits to ethanol production facilities effectively make it cheaper to produce ethanol than gasoline and allow ethanol to be sold at a lower price point in the marketplace, thereby increasing demand for this fuel. The demand for ethanol also is artificially stimulated by government mandates that require gasoline sold in the United States to be blended with as much as 10 percent ethanol. Government-sponsored blenders’ credits further reward the firms that blend gasoline and ethanol for sale to the consumer. Moreover, the introduction of vehicles that can operate on blends containing as much as 85 percent ethanol, yet are sold at no more cost to the consumer than vehicles using a regular internal combustion engine, has stimulated ethanol demand and diverted grain away from livestock feed and human grain-based food uses.
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Figure 2. Average production costs and profit in the U.S. dairy industry

Source: Dawn M. Drake. Data from U.S. Department of Agriculture, 2010.
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Figure 3. The increase in U.S. corn used in ethanol production

Source: Dawn M. Drake. Data from Kansas Ethanol, LLC.

One needs simply to look at recent market prices for grains to see the results of the food-to-fuel economy (see Figure 1). In the summer of 2008, average prices of grain crops hit record highs, largely due to demand for corn and soybeans for biofuels. This spike in the price of grains encouraged farmers to convert more and more acreage to grain crops that were sold to the biofuel industry. The number of acres of corn planted in the United States has been steadily on the rise over the last 20 years (see Figure 4). While the average price of grain in the marketplace did return to normal levels in 2009, facilitated largely by the expiration of some of the tax incentives to ethanol producers and blenders, high oil prices and poor growing seasons in parts of the Midwest drove the price upward again in 2010–2011. The increasing costs of production to livestock farmers leave many of them with a hard economic choice: either stay in livestock production and risk losing money or exit the industry and sell grain crops, once produced on their farms to feed the herd, to a market clamoring for more grain. Looking more closely at a few examples from the industry might provide insights into how feeding corn to SUVs instead of cows can lead to higher dairy and meat prices, and milk shortages, and have health-impacting ramifications in the United States.
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Figure 4. Acres of corn planted in the United States

Source: Dawn M. Drake. Data from U.S. Department of Agriculture, 2010.

Case Studies from the Pennsylvania Dairy Industry

As health organizations can attest, milk and other dairy products are an essential part of a complete and nutritious diet. As such, the dairy sector of a country’s agricultural economy is a vital building block for its human population’s physical growth and health. Yet every day, dairy farmers are faced with economic opportunities that can entice them to modify their operations or abandon them to maximize profits. Many of these options are the direct result of government policies in a food-to-fuel economy. The number of dairy producers selling milk to the general marketplace has clearly dwindled in recent years. Farmers see their profits declining as wholesale milk buyers do not respond to market signals as rapidly as the farmers themselves must do to remain solvent. Despite increasing production costs related to higher grain and oil prices, milk buyers have lagged in the prices they pay to dairy farmers (see Figure 2). This leaves milk producers more susceptible to intervening economic opportunities that offer them a chance to earn higher profits than can be secured by the mainstream dairy farmer.

Examples of the dilemma faced by dairy farmers can be drawn from case studies of two small dairy operations in Pennsylvania, one of the largest dairy-producing states in the United States. The consequences of the food-to-fuel economy on milk production are clearly best seen on farms where dairying has been a tradition for decades.

Klein Farms

One intervening economic opportunity in the dairy industry is niche production, usually in the form of organic milk, raw milk, or gourmet products. Gourmet cheeses and other dairy products as well as organic fluid milk and milk products command a premium in the market and have larger profit margins to compensate for the increased costs associated with their production. This relationship also holds for farmers who choose to enter the market by producing raw milk or milk that has not been pasteurized or homogenized. Raw milk, in those states that permit its sale, can be marketed directly to the consumer at as much as four times the price that the dairy farmer would get by selling the milk to a wholesale buyer. Klein Farms (see Figures 5 and 6) is one of approximately two dozen dairy farms in Pennsylvania to hold Raw Cow Milk and Raw Milk Cheese licenses. Such licenses permit their holders to sell fluid raw milk and cheese made from raw milk directly to the consumer, often at much higher prices than if they sold to a wholesaler.

[image: image]

Figure 5. View of Klein Farms in Forks Township, Pennsylvania.

(Photo by Dawn M. Drake)
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Figure 6. Cows at Klein Farms on pasture.

(Photo by Dawn M. Drake)

Raw milk can be a very profitable niche market for dairy farmers who are struggling to survive in an environment characterized by rising production costs. However, it is a very narrow market. Currently, only 10 states allow direct retail sale of raw milk. Laws regarding the marketing and sale of raw milk often are complicated and convoluted, involving partial ownership of cows, prescriptions from a medical doctor, or purchases of milk meant for pet food uses. In states that do allow retail sales, dairy farmers remain vulnerable to shifts in the legislative climate, making raw milk sales profitable but also very risky. In 2007, a farmer selling directly to a wholesaler in Pennsylvania might expect to get a little more than a dollar a gallon for milk, whereas Klein Farms sold a gallon of raw milk direct to the consumer for approximately four dollars.

Presently, the niche production shifts have had few effects on the price of milk to the American consumer. Niche products such as organic and raw milk command higher prices, but the U.S. federal government heavily regulates the price of regular milk and milk products to the consumer through Federal Milk Marketing orders. These price-support programs not only set a ceiling for the price at which milk can be sold to consumers, but also set a minimum price at which a wholesaler can buy milk from the producer. This minimum price is often below the costs of production for the farmer, as it does not take into account rising costs of grain, fuel, and management strategies to handle disease. In the long run, as more dairy farmers exit mainstream milk production and move into niche opportunities, the supply of milk and milk products to the average consumer will decrease, forcing prices upward and leaving cash-strapped households with tough decisions to make about how to spend their limited food dollars.


Raw Milk

Dawn M. Drake

There is an ongoing debate in the United States about whether the human consumption of raw milk is safe and should be legal. Various states have enacted legislation complicating the sale of raw milk, as part of an effort to discourage human consumption of this product. Yet no conclusive study has demonstrated that raw milk, when produced on a farm that meets sanitary laws, is not as safe as milk that has undergone pasteurization and homogenization. In fact, raw milk contains more vitamins and minerals, including the beneficial vitamins C, B12, and B6, than milk that has been cooked in a pasteurization process. Pasteurized milk also has been linked to increased allergies and lactose intolerance. People who cannot drink pasteurized milk often find that they can consume raw milk and products made from raw milk. Furthermore, homogenized milk, in which butterfat globules are broken down to prevent separation, has been linked to increased heart disease. On the whole, some claim that raw milk is no more dangerous, and, in fact, may be healthier than, pasteurized and homogenized milk for human consumption.



There is another caveat attached to niche production, in addition to the risk involved in raw milk legislation. The niche market can support only a small number of producers. At a certain point, the niche market will reach saturation and the availability of organic milk, raw milk, and gourmet milk products will be such that they will no longer command higher prices in the marketplace. Not everyone can become a niche producer. Some dairy farmers have selected other intervening economic opportunities to combat decreasing profits from milk production in a food-to-fuel economy.

Farview Farmstead Farm

With the price of grain at record highs, another intervening economic opportunity that has become increasingly attractive to dairy farmers is total exit from the dairy industry. The number of dairy cows in the United States has decreased from a high of 11 million head in 1983 to approximately 9.3 million in 2007, with the number of farms decreasing proportionately (see Figure 7). Small family farms, especially dairy farms, are most susceptible to the influences of fluctuating markets and are most likely to choose other options when faced with an economic crisis. One just needs to look at the case of Farview Farmstead Farm (see Figures 8 and 9) to see the economic benefits of exiting the dairy industry all together. Farview Farmstead Farm is a small family farm in eastern Pennsylvania that chose to sell off its herd. The grain grown on the farm is now sold commercially rather than serving as feed for the farm’s dairy cattle. Producers can obtain much larger profit margins in grain production than milk production, as can be witnessed in the changes to Farview Farmstead since the sale of the herd. Figure 10 is a photograph of Farview Farmstead just prior to the sale of the dairy herd in 2007. Figure 8 is a more recent photograph of the farm, complete with new grain bins and a grain dryer. These large capital expenditures have been made in response to increased profits, both from the rising market price of grain and the additional bushels that Farview Farmstead can sell because the grain is no longer being used to feed dairy cattle.

Total exit from the dairy industry has economic benefits for the producer, but it has potential consequences for the price of milk. As more dairy farmers exit the industry, the supply of milk available for sale to the consumer will decline. While federal programs will control the price in the marketplace for the short run, in the long run wholesale milk buyers will need to offer economic incentives to entice dairy farmers to remain in the industry or new dairy farmers to get into the industry. Increased costs to wholesalers will be passed on to consumers in the form of inflated milk and milk product prices. Families with limited food budgets will be forced to make hard choices when selecting food or planning family food menus as costs increase and family incomes either remain stationary or decline.
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Figure 7. Number of dairy farms in the United States

Source: Dawn M. Drake. Data from U.S. Department of Agriculture, 2010.
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Figure 8. A view of Farview Farmstead Farm in Palmer Township, Pennsylvania.

(Photo by Dawn M. Drake)

Prospectus of the Dairy Industry

It is highly unlikely that the U.S. dairy industry would ever become so crippled by diminished supply that average Americans could not afford milk. This may not be the case worldwide, however. Dairy farmers in other countries are experiencing the same increased feed costs due to rising grain prices as dairy farmers in the United States. If U.S. government policies continue to encourage conversion of grain into fuel and subsidize a food-to-fuel economy, many farmers throughout the world will face the reality of not being able to afford to continue in dairy production. Whether they choose one of the aforementioned intervening economic opportunities or simply are forced to cease operations, a worldwide decline in dairy production could lead families to limit their intake of dairy products. Dairy products are important components of a healthy and balanced diet in many parts of the world.
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Figure 9. Cows in pasture at Farview Farmstead.

(Photo by Dawn M. Drake)

Increasing the amount of farmland to grow food grain crops is theoretically possible in developing countries, but remains improbable in the short run. Governments worldwide need to seek solutions that limit the effects of the evolving food-to-fuel economy on dairy farmers and put in place the means to control the supply and price of milk and milk products. Lapses of ethanol and blenders’ tax credits briefly helped the situation, but recent approval of increasing gasoline/ethanol blends from 10 percent ethanol to 15 percent ethanol most likely will again result in grain prices increasing. At the same time, rising demands for high-quality food products and changing dietary compositions in countries such as India and China have resulted in those countries increasing selected food imports. Their demands for beef and dairy products have stimulated agriculture in grain and dairy export countries. Grain prices in the United States, for example, will continue to rise, as will the feed costs to dairy farmers. The price consumers pay for milk and milk products in the future will increase if more and more grain is used for the production of bio-fuels.
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Figure 10. Farview Farmstead in the winter of 2007.

(Photo by Dawn M. Drake)

Further Reading

Becker, Geoffrey S. CRS Report for Congress—Livestock Feed Costs: Concerns and Options. Washington, DC: Congressional Research Service, 2008.

Drake, Dawn M. Connections Between Mastitis and Climate: A Study of Holsteins of Pasture in Northampton, Pennsylvania. Master’s thesis, University of Delaware, 2008.

Economist staff. “Cheap No More—Food Prices.” The Economist, December 8, 2007.

Giampietro, Mario, and Kozo Mayumi. The Biofuel Delusion: The Fallacy of Large-Scale Agro-biofuel Production. London: Earthscan, 2009.

“Growth Energy. In Landmark Move, EPA Approves Higher Ethanol Blend for Vehicles Built in Last Decade.” Accessed January 22, 2011. www.renewableenergyworld.com/rea/partner/growth-energy/news/article/2011/01/in-landmark-move-epa-approves-higher-ethanol-blend-for-vehicles-built-in-last-decade.

“Kansas Ethanol. US Ethanol Facts.” Accessed October 26, 2010. www.ksgrains.com/ethanol/useth.html.

Lowe, Marcy, and Gary Gereffi. A Value Chain Analysis of the U.S. Pork Industry. Durham, NC: Center on Globalization Governance and Competitiveness, 2008.

United States Department of Agriculture. “Dairy Policy.” Accessed November 30, 2010. www.ers.usda.gov/Briefing/Dairy/Policy.htm.

University of Illinois. “Farm Decision Outreach Central, University of Illinois at Urbana–Champaign.” Accessed October 25, 2010. www.farmdoc.illinois.edu.

Westhoff, Patrick. The Economics of Food: How Feeding and Fueling the Planet Affects Food Prices. Upper Saddle River, NJ: Pearson Education, 2010.

Weston A. “Price Foundation: Campaign for Real Milk.” Accessed January 16, 2011. www.realmilk.com.

Animal Husbandry

William A. Dando

Modern farm livestock are descendants of wild animals that were domesticated thousands of years ago. In some cases, they were raised for their ability to carry items or to pull them; in most cases, they were raised as a source of food and animal products. Farm animals are a renewable food source. To survive and to maintain their health, they consume plants or plant products—another renewable resource. Almost every part of a farm animal has been used by humans over the course of history, including animal waste/manure. Notably, manure was discovered to renew soil fertility and to aid in the growth of plants.

Food is the most important contribution animals make to human survival, although they rank well behind plants in total quantity of food products supplied. It is estimated that plants supply 80 percent of the total calories consumed by humans. Farm animals and their products are a more important source of protein than of calories. Meat supplies 35 percent and milk 34 percent of the world’s total supply of protein. Farm animals are not the most efficient converters of raw plants into human food, yielding only 1 pound of human food for each 3 pounds of plant mass eaten. Nevertheless, two-thirds of what farm animals eat consists of substances considered either undesirable or completely unsuited for human consumption. Their ability to convert inedible plant materials into edible human foods aids greatly in improving the quality and quantity of human diets. Thus farm animals do not compete with humans for food, and they do contribute substantially to the world’s food supply.

Only 35 percent of the world’s land area is classified as agricultural land; only 10 percent or so is classified as arable or cultivated land that can produce plant products suitable for humans’ direct consumption. Grass and shrubs cover approximately 25 percent of the world’s agricultural land, and these forms of vegetation can be digested only by ruminant or farm animals (see Table 6).

Table 6. World Agricultural Land: Cultivated and in Permanent Pastures



	 

	 

	Percentage of Agricultural Land




	Geographic Region

	Total Land Area (1,000 sq.mi.)

	Total

	Cultivated

	Pastures




	World

	50,495

	35

	31

	67




	Developed Countries

	21,176

	36

	33

	66




	Developing Counties

	29,319

	34

	29

	69




	Africa

	8,994

	37

	19

	79




	Asia

	10,334

	38

	45

	53




	Europe

	1,826

	49

	55

	38




	Oceania

	3,254

	61

	9

	91




	North America

	7,084

	27

	46

	53




	South America

	6,771

	31

	15

	81




	U.S.A.

	3,524

	47

	43

	56





Sources: FAO Production Yearbook. 2008; U. Desilva and J. Fitch, Breeds of Livestock. Stillwater: Oklahoma State University, 2010, pp. 1–3.

Origins of Animal Husbandry

Domestication of food animals had its origin in the transition period, whereas humans evolved from roving hunter-gatherers into settled agriculturalists living in communities. Wild animals were domesticated when their breeding, living conditions, and life cycles were controlled or interfered with by humans. The most significant food animals are believed to have originated in the Middle East food crop center. Evidence indicates that plant cultivation and wild animal domestication began at approximately the same time. Of the 50 or so wild animals domesticated, only about a dozen are considered as significant food sources on a worldwide basis (see Table 7). A domesticated farm animal is not only a source of protein; rather, it is, in a sense, stored food on the hoof. Even-toed ungulates (hoofed animals) have been the prime domesticates, and cattle, sheep, and goats rank highest as food sources. These ruminants (cud-chewing animals) are able to covert second-rate protein sources into high-quality, first-rate protein usable by humans.

Domestication of most animals used as food sources was facilitated by the social rather than the solitary habits of these animals. Sheep, it is believed, were the first animals to be domesticated. Archaeologists have found sheep remains dating back to 10,000–9000 BCE. Sheep are capable of surviving in harsh environments that are unfavorable for many other food animal species. Their panting mechanism for dissipating heat enables them to tolerate hot climates, and their coats of wool help them survive in colder climates. Dated remains of sheep are at least 2,000 years older than goats, though both animals are believed to have been domesticated in the Middle East. Goats can survive in areas where the natural food supply is minimal because they are browsers and grazers (nibblers on grass, twigs, and leaves). Goats are sometimes called “poor men’s cows,” reflecting the fact that their meat is not relished by humans as much as cattle or sheep meat. In addition, relative to goats, sheep are also superior fiber producers; cattle are superior milk producers.

Table 7. Food Animal Ancestors, Place of Origin, and Current Use



	Animal

	Wild Ancestor

	Date of Domestication

	Place of Origin

	Current Use




	1. Camel

	Wild camels

	c. 4000–1400 BCE

	Asia

	Meat/Dairy




	2. Cattle

	Wild Aurochs

	c. 7000–6000 BCE

	Middle East

	Meat/Dairy




	3. Goat

	Wild goats

	c. 8000 BCE

	Middle East

	Meat/Dairy




	4. Llama

	Guanaco

	c. 3500 BCE

	Andes

	Meat




	5. Pig

	Wild boar

	c. 7000 BCE

	Middle East

	Meat




	6. Reindeer

	Reindeer

	c. 3000 BCE

	Northern Russia

	Meat/Dairy




	7. Sheep

	Mouflon sheep

	c. 10000–9000 BCE

	Middle East

	Meat/Dairy




	8. Water buffalo

	Wild Arni buffalo

	c. 4000 BCE

	East South Asia

	Meat/Dairy




	9. Yak

	Wild yak

	Unknown

	Tibet/Nepal

	Meat/Dairy




	10. Rabbit

	Wild rabbit

	c. CE 400–900

	France

	Meat





Sources: C. Sauer. Agricultural Origins and Dispersals. New York: American Geographical Society, 1952; J. Harlan, “Agricultural Origins’ Centers and Noncenters,” Science 174 (1971): 468–474.

The earliest archaeological evidence of cattle remains date to 7000–6000 BCE. Cattle (wild Aurochs) were hunted, trapped, and worshiped long before their domestication. There is some disagreement over the food center in which cattle were first domesticated, but most scholars believe that it was probably the Middle East. Early domesticated cattle were very large, strong, and temperamental. Humans selectively bred cattle to reduce both their size and their ferociousness. Cattle provided humans with milk, a very fine protein source, along with meat, hides, bones for tools, power for field work, and manure for fertilizer, fuel, and plaster. Water buffalo were first domesticated in South Asia (possibly India) in about 3000 BCE. They are adapted to hot, humid, tropical lowlands, and they consume aquatic and semi-aquatic grasses. Water buffalo live on vegetation that will not support traditional cattle. From the water buffalo, both meat and milk are secured.

The earliest domestication of pigs probably occurred in the Middle East. Wild pigs were native to both the Middle East and Europe. Pigs are believed to have been domesticated in about 7000 BCE, thousands of years after sheep and goats. Some believe that pigs were domesticated later because they cannot survive on grass, leaves, twigs, and other plant sources, as ruminants do. Instead, pigs compete directly with humans for food. They primarily are scavengers and household or barnyard animals. Pigs produce more meat per unit weight of all the major food animals.

Table 8. World Livestock, 1972 and 2008 (million head)



	Animal

	1972

	2008

	Increase




	1. Cattle

	1,131

	1,347

	19%




	2. Sheep

	1,043

	1,078

	3%




	3. Goats

	392

	862

	219%




	4. Camels

	14

	24

	71%




	5. Pigs

	646

	941

	45%





Sources: Adapted from FAO Production Yearbook, 1974 and 2008.

Camels, llamas, reindeer, yak, and rabbits are also important food sources in specific portions of the world. Camels, reindeer, and yak provide meat and milk. Llamas and rabbits provide meat. All five were domesticated later than sheep, goats, cattle, pigs, and even water buffalo.

All 10 of these major food animals are important components of modern agriculture and contribute to human diets. However, in a number of countries in the world, for cultural or religious reasons, livestock make limited contributions to the food supply. India, for example, is home to millions of cattle and water buffalo, but these animals contribute little meat or animal products to those who live in India or in other countries of the world. Nomadic tribes in portions of Africa measure a farmer’s wealth by the size of his herd. In many nations of the developing world, the rate of animal growth and the yield of animal products are low because of inferior genetic stock, limited food supply, little water, diseases, parasites, and low-level herd management. Even so, the number of livestock animals in the world is impressive, and these animals do constitute a significant food source and food reserve.

The number of livestock (excluding water buffalo) found around the world and the percentage increases in their number from 1972 to 2008 are shown in Table 8. The percentage increase in the number of goats and camels was greatest, while the smallest percentage increase occurred for sheep and cattle. While the number of livestock increased on a worldwide basis in the last decades of the 20th century, a decline of livestock occurred in the United States during this period. This decline in the United States was related to herd improvement, feed costs related to weather factors, and the changing diets of American food consumers.

Texas is the state with the greatest number of cattle on farms and ranches. California has the largest number of milk cows on dairy farms, while Iowa has the largest number of pigs on farms (see Table 9). Cattle ranches are located primarily in the dry, semiarid, short-grass states of the American Southwest. Milk cows generally are found in states with mild climates, moderate rainfall, and lush pastures. These states contain large urban populations or are near large metropolitan centers. Pigs are raised primarily where there is relatively inexpensive feed and where there is a tradition of combining the growing of feed grain and caring for pigs. Although “pig factories” are found in many states, Iowa and North Carolina have set the standards for the world.

Table 9. Leading Cattle-, Milk Cows–, and Pig-Producing States, 2000 (in thousand head)



	Cattle

	Number

	Milk Cows

	Number

	Pigs

	Number




	1. Texas

	13,900

	1. California

	1,526

	1. Iowa

	15,100




	2. Nebraska

	6,650

	2. Wisconsin

	1,344

	2. North Carolina

	9,300




	3. Kansas

	6,600

	3. New York

	686

	3. Minnesota

	5,800




	4. California

	5,100

	4. Pennsylvania

	617

	4. Illinois

	4,150




	5. Colorado

	3,150

	5. Minnesota

	534

	5. Indiana

	3,350




	U.S. Totals

	98,198

	 

	9,206

	 

	59,138





Source: Statistical Abstract of the United States, 2002, 536–537.

Total agricultural exports from the United States were valued at more than $40 billion in 1990 and approximately $51 billion in 2000, an increase of more than 25 percent. Animal and animal product exports increased by more than $8 billion from 1980 to 2000, or greater than 330 percent (see Table 10).

In the United States and other developed countries of the world, efficiency in animal production has increased substantially in the past 30 years. Improvements in animal quality and animal products have been largely the result of better animal feed, advances in disease control, and innovations in herd management. The results have been faster animal growth rates with less feed and higher levels per animal of meat and milk. In many developed nations of the world, the number of dairy cows has been reduced by more than 50 percent while milk production has remained essentially the same.

Table 10. U.S. Animals and Animal Product Exports, 1980–2000 (in billion dollars)



	 

	1980

	1990

	2000




	 

	Value

	Percent

	Value

	Percent

	Value

	Percent




	Total Agricultural Exports

	$41

	100%

	$40

	100%

	$51

	100%




	Meat and Animal Products

	$4

	9%

	$7

	17%

	$12

	23%





Source: Statistical Abstract of the United States, 2002, 529.

In 2007, the United States exported $72 billion worth of agricultural products and $9 billion in animal and animal products. Animal and animal products exported from the United States in 2007 were less than the comparable exports in 2000. This decline reflected a world economic slowdown, weakened international markets, inclement weather in the United States, and domestic dietary changes. Many of the U.S. exports of animal and animal products are sent to Asia, Western Europe, and Latin America.

There exists a great difference in meat availability and meat consumed between developed and developing countries, however. Cattle and pigs are the source of 75 percent of the world’s meat. In 2007, the countries of the world imported $19,569,672 worth of beef cattle meat and $19,638,555 worth of cheese made from cow’s milk.

Modern Animal Husbandry

Animal husbandry practices vary greatly worldwide between different agricultural systems, cultures, climatic regions, sources of animal feed, and types of animals. Historically, livestock rearing was a nomadic subsistence occupation, unassociated with sedentary agriculture. Animals were not kept in enclosures, but rather secured feed from natural sources and drank water from rivers, streams, ponds, springs, or wells. These animals were allowed to breed freely, and then were rounded up and driven to market. In modern society, nomadic herding exists on a minor scale; camels and reindeer are tended in this way, as well as a few other animals of local importance. On a larger scale, in the prairie and steppe vegetal regions of the world, such as the western United States and Canada, Russia, Kazakhstan, Mongolia, west Africa, and Pampas region of Argentina, cattle and sheep were once raised on the open range (no fences).

Over time, population pressure and changing world market demands led to a modification of the open-range system into a controlled range system. In modern livestock-raising range operations, animals are monitored and occasionally inspected, and they roam on massive ranches or large farms. They are restricted somewhat in movement by barbed wire or electric fences, rounded up at times to a central place by cowboys, ranch hands, stock-men, or sheep herders with the help of dogs, horses, and all-terrain vehicles, all-terrain vehicles, and helicopters. Livestock may be branded, ear-tagged, or micro-chipped to indicate ownership. Cattle and sheep are moved from one pasture to another when over-grazing is an issue or to avoid pasture damage. In some areas of the American West, livestock is moved, at times, from private land to federal land if the rancher has a permit. Animals are bred through artificial insemination or by controlled breeding. Cattle are sometimes transported to “feed lots” after a round-up where they are confined into a small fenced area and “fattened” for slaughter.


Farm Veterinarian Shortage

William A. Dando

American agriculture is an integral component of the global economy. In 2007, world agricultural exports exceeded $90 billion. The worldwide growth in agricultural production, in some cases stimulated by the “Green Revolution,” has increased competition for export markets and for specific items. Dietary expectation changes, along with population growth, have increased the demands for livestock and livestock products worldwide.

In 2007, American farmers exported animals and animal products valued at more than $9 billion. The states of Texas, Nebraska, Kansas, Illinois, and North Carolina are major livestock and livestock commodity producers. In 1980, red meat and poultry production in the United States totaled 53,150 million pounds; in 2001, the total was 82,643 pounds.

In their attempt to help satisfy the worldwide demand for meat and animal products, American farmers increased production substantially—and created a farm veterinarian shortage. Currently, there are not enough farm veterinarians to fill the vacancies at key federal agencies responsible for protecting the nation’s food supply. Nearly 30 percent of the veterinarians working for the U.S. federal government are eligible to retire in three years. At the same time, 1,300 counties in the United States do not have a farm veterinarian available. Interest in becoming a large-animal veterinarian has declined, even as the pet industry—and the number of pet-oriented veterinarians—has grown dramatically. An estimated $3.4 billion was spent on pet services in 2010. The vast majority of new veterinarians choose to care for dogs and cats—not cows, pigs, and chickens.



Housed or indoor climate-controlled animal production facilities are a new development in livestock management. “Pig factories” are an example of high-technology, large-scale, standardized-product, industrial-style agricultural facility. Factory farms are successful in producing high-quality meat-producing animals, with fewer losses, in less time, and at less cost than a traditional small, mixed grain–pig farm. Unfortunately, pig factories are so large that they have problems with the quantity of animal waste and odors, groundwater contamination, and disease. Modern animal husbandry practices are designed to produce high-quality, reasonably priced products with minimum human labor, improved animal health, sound environmental conservation, and humane animal welfare.

Animal Welfare

Animal welfare activists contend that animals under human care should be treated in a way that they do not suffer unnecessarily. Concern for farm animal welfare is reflected in recent European Union (EU) legislative efforts. The EU officially recognizes “five freedoms” for farm animals:

1. Freedom from hunger and thirst

2. Freedom from discomfort

3. Freedom from pain, injury, and disease

4. Freedom to express normal behavior

5. Freedom from fear and distress

Traditional animal husbandry practices involved commitment to and provisions for animal welfare. However, modern animal husbandry practices and factory farm complexes subordinate animal welfare to the economic pressures for increased numbers of animals and greater meat or milk output per animal. In the United States alone, more than 8 billion animals are killed for food each year, with 23 million farm animals being slaughtered every day. Americans are great meat eaters. Each year, the average American consumes 63 pounds of beef, 45 pounds of pork, 1 pound of veal, and 1 pound of lamb. Worldwide, there is an ever-increasing demand for meat and livestock products. Industrializing livestock husbandry is one modern attempt to satisfy this demand.

Future Animal Husbandry

Pastoral nomads relied, for their survival and for peer recognition, upon their livestock. Milk from cattle, sheep, goats, and camels provided the basis of their diet. Meat was eaten rarely, for herd animals were considered too valuable to kill and took so long to rear. Livestock was rarely sold because they were considered capital, a herder’s wealth, and animal numbers, prestige. Nomads made no attempt to improve pastures, had limited knowledge of disease control, and did not practice selective breeding. In most instances, an animal’s ability to withstand the area’s weather and climate, and particularly drought, was more important than the quantity of meat or milk produced from it. Pastoral nomads relied solely upon natural vegetation for their livestock feed. The true nomads had no dwelling places and lived in tents. Their life was hard.

Extensive commercial grazing or ranching, in many ways, is similar to pastoral nomadism and may be considered an advanced form of pastoral nomadism. In the modern world, ranching has been replaced by more intensive farmland use and has been pushed to drier, less hospitable areas, where it is considered the best use of poor vegetation and scarce water. Ranching, everywhere in the world, is a large-scale activity and reflects the low productivity of the land used for grazing. In the United States, 60 percent or more of the land used for cattle or sheep grazing is federal land (ranchers pay for grazing rights). In Latin America, ranches have been large private holdings since the time of Spanish settlement. Large herds are grazed on extensive commercial agricultural units. Ranching is very specialized, generally involving beef cattle or sheep. Returns to the rancher are low and vulnerable to weather and climate, and the price per animal fluctuates. The rise of large urban markets, competition for the best grazing land, and dietary shifts have displaced extensive commercial grazing for intensified animal husbandry activities.

Modern livestock husbandry, focused on providing meat, milk, and other products for the increasing world’s urban population, has evolved into a rural farm factory system. The transition began with the fattening up of lean range-fed cattle on grain farms, then to extensive feed-lots that encompassed hundreds of acres, and in the first decade of the 21st century, to farm factories that require little land but produce tens of thousands of animals for slaughter, every three or four months. The application of state-of-the-art technology to animal husbandry practices has led to an increase in meat and milk availability at reasonable prices to world consumers. The increasing demand for beef and dairy products in a world population of nearly 7 billion in 2010 and possibly 9 billion by the mid-21st century will require further intensification of world animal husbandry practices and bring greater concerns related to environmental protection and conservation.
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Animal Proteins

Joyce V. Cadwallader

Proteins are composed of long chains (usually more than 100) of amino acids held together by peptide bonds. Amino acids are molecules with a central carbon atom linked to nitrogen, containing an amine group (—NH2), a carboxyl group (—COOH), a hydrogen atom, and a functional group (indicated by “R”) that differs from molecule to molecule. The R group is what gives the amino acids their individual characteristics. The amino acid composition is designated as the primary structure of a protein. Proteins have secondary, tertiary, and quaternary structures in which parts of the molecules twist to form complex shapes that give the proteins many of their functional characteristics. Proteins provide structural attributes; for example, collagen is a component of connective tissue. In addition, proteins provide a variety of functional characteristics, such as trypsin, an enzyme that digests protein; hemoglobin, the iron-containing oxygen transporter protein found in the blood; immunoglobulin, disease-protecting molecules; and thyroid-stimulating hormone (TSH), which stimulates the thyroid to produce thyroxin (the hormone that controls metabolic rate). As one can see, numerous important activities are associated with protein molecules.

Physiologically, humans break down proteins into amino acids in their digestive system and use these amino acids to form and replenish an amino acid pool in the cells used to make the body’s own proteins. Approximately 20 amino acids commonly are found in animal protein. These proteins have similar composition to the proteins found in the human body. Proteins derived from animal sources are called complete proteins because of their similarity in amino acid composition.

Animal proteins also contain all of what are called essential amino acids. Essential amino acids are those amino acids that the human body cannot make or cannot make in sufficient amounts to meet the body’s needs. In the human diet, they consist of histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine. Conditional essential amino acids are arginine, cysteine, glutamine, and tyrosine; they are considered conditionally essential because they are made from precursor amino acids that are essential; for example, tyrosine is made from phenylalanine.

Plant proteins usually are incomplete proteins. Because some plant materials are missing one or more of the essential amino acids, a person must eat plant proteins in combinations, such as rice and beans, to have sufficient overlap of amino acid content to supply all the amino acids needed in a single meal. Soybeans (Glycine max) are an exception. Genetically modified plants may be engineered to have complete proteins with all of the issues associated with these procedures (see the “Protein and Protein Deficiency” entry).

The general nutritional guidelines for the amount of protein in the diet call for proteins to make up between 10 percent and 35 percent of the total nutritional intake. People from the United States usually consume approximately two-thirds of their proteins in the form of animal proteins, including poultry, beef, pork, milk, cheese, and fish. The proportion of animal proteins in the diet varies widely throughout the world (discussed later under “Risks/Disadvantages of Animal Proteins”).

Benefits/Advantages of Animal Proteins

From the preceding description of animal proteins, it is easy to understand that one of the benefits of eating animal proteins derives from the similarity in amino acid content and ratios needed by humans. In countries where animal proteins are available and relatively inexpensive, eating animal proteins (meat, milk, and cheeses) is convenient and easy. In some countries of the developed world (e.g., the United States), convenience is a definite lure for meeting protein requirements from animal sources. The current estimate of the percentage of protein consumed in the form of animal sources is 64 percent in the United States. Although this is not the highest level (Luxembourg has the highest rate, 71 percent), it is substantial. Some countries have exceptionally low levels; for example, in Burundi, this rate is 6 percent, and in the Democratic Republic of the Congo, it is 16 percent. In some countries known for raising cattle, such as Kenya, residents average only 27 percent of their protein from animal sources.


Animal Protein

Joyce V. Cadwallader

Many scientists and world leaders think that the use of animal proteins will be unsustainable in the future. According to the FAO of the United Nations, almost half of the world’s cereal crops is used to feed animals. The appetite for animal protein is predicted to increase approximately 40 percent by 2050. If these cereals used to feed animals were reallocated to feed humans, 3.5 billion people would have adequate calories for a year, according to the UN Environment Programme (estimate made in 2009). Is eating meat possible in the long term? What is a sustainable plan to meet the nutritional needs of all peoples of the world?



Many arguments are made for eating animal proteins. Proteins from different sources have different levels of biological availability (BA) and digestibility. Scientists use a variety of methods to measure protein activities in the body, including biological value (BV), net protein utilization (NPU), and protein digestibility (Protein Digestibility Corrected Amino Acids Score [PDCAAS]). The Food and Agriculture Organization (FAO) of the United Nations and the World Health Organization (WHO) use a standard for proteins called the essential amino acid requirement for preschool-aged children.

The easiest way to judge protein quality is to compare its amino acid composition to a reference protein. In the past, an egg white was used as the standard (score: 100), and other proteins were then compared to it. If the new protein had 70 percent of a limiting amino acid, it received a score of 70. This measurement did not reflect on the protein’s digestibility, defined as the amount of amino acid that is absorbed. To correct for digestibility, the FAO has come up with the new measure, PDCAAS, which corrects the amino acid requirement for preschool children with digestibility. To measure digestibility or its absorption, animal testing usually is done, and much of this research is performed using rats—rats have digestive systems similar to humans’. Thus, if one compares the PDCAAS of beef, 0.92, to that of wheat gluten, 0.25, there is a substantial difference. This pattern generally holds for animal versus plant proteins. Eggs and milk, both of which are renewable animal protein sources, have a PDCAAS value of 1.00.

Sources of animal proteins such as meat also contain other nutrients. One of the interesting anthropological hypotheses for the change in human society that promoted the hunter-gatherer phase was the impact of the iron-containing animal protein, hemoglobin. The conjecture is that because female Homo sapiens menstruate and thereby lose hemoglobin, the males who went out, hunted, and returned with animal meat that was high in iron-containing hemoglobin were the most favored males. Although the hunters’ contribution to the total food available was sometimes meager, the hypothesis is that this stage in human development persisted because it was important to maintain the iron levels of women in the group. According to L. Shlain (2003) in his research on women and human evolution, this hypothesis points to the role animal proteins may have had in influencing the formation and maintenance of certain human behavioral patterns of high animal protein consumption. Even as the hunter-gatherer societies were replaced by food-producing ones, diets have continued to contain meat from domesticated animals in many regions of the world.

Besides iron-containing hemoglobin, animal-derived foods have higher concentrations of other essential nutrients. As previously mentioned, animal meat is an excellent source of iron. Zinc and the B vitamins also are found in higher levels in animal meat. Calcium and vitamin D are found in milk products. Plant sources contain phytates, oxalates, and tannins, which have a tendency to bind minerals together and make them less absorbable, thus arguing for the inclusion of meat in the diet. In addition, some individuals have problems with gluten (wheat protein) and cannot digest it properly.

Risks/Disadvantages of Animal Proteins

There are some disadvantages to consuming one’s protein from animal sources. Animal sources contain cholesterol, a substance not found in plants. Consequently, humans who eat large quantities of protein from animal sources tend to have higher cholesterol levels; higher cholesterol levels have been associated with heart disease. The higher fat content of animal protein also increases the probability of obesity, which is currently on the rise in most of the world’s developed countries. Substantially less fiber is found in the diets of those who consume most of their protein from animal sources, and fiber has been shown to protect against colon cancer. Higher risks of developing other cancers, such as breast, prostate, and pancreatic cancer, are associated with increased fat in the diet. As this brief discussion suggests, health issues raised by too much or too little animal-derived proteins are complex.

Metabolically, when people do not have sufficient calories coming into their diet, the body breaks down carbohydrates and fats to maintain energy levels. If there is no fat reserve, then the body begins to break down proteins. A relatively small amount of protein is all that is required per day to maintain the nitrogen balance (10 to15 percent of incoming macronutrients or appropriately 100 grams [3 ounces]). Proteins must be eaten daily because amino acids are not stored in the body. If excess proteins are brought in, they are deaminated (have the amino group removed) and used for energy or stored as fat. However, when proteins are broken down for energy, the resulting amino acids must be deaminated before being shunted into the metabolic pathways for energy. The amino groups must be detoxified by the liver, forming urea, which in turn is excreted by the kidneys. Humans remove most of their nitrogenous waste in the form of urea, whose production requires a moderate amount of water to excrete the waste from the body. The elimination of water to rid the body of the nitrogenous wastes can interfere with fluid balance in the body if proteins are taken in excess. Thus dehydration may result, with all the attendant problems associated with dehydration. The problem of dehydration is exacerbated where the supply of clean water is limited.

Excess animal proteins also can cause excessive loss of calcium. Although a person obtains more calcium in meat, some of the amino acids that are acidic tend to cause the calcium to be removed from the bones and increase the risk of osteoporosis when taken in excess. The high animal protein intake is one reason that the required intake of calcium is higher in the United States than in other countries.

A different problem, associated with the lack of animal protein, is protein-energy malnutrition (PEM)—a condition that is prevalent in Africa, Central and South America, the Middle East, and Southeast Asia. PEM is found in the United States among the poor, elderly, homeless, and alcohol and drug abusers. In addition, infections such as HIV and tuberculosis may cause protein deficiency.

Two forms of PEM are distinguished. The first form, known as marasmus, results from chronic protein deprivation. This form of PEM is common among children, especially those from 6 to 18 months of age, in the least developed areas of the world. When children do not have adequate nutrition, their heart and muscles weaken, brain development is impaired, metabolism is slowed, and body temperature is difficult to maintain. Digestive enzymes are not produced and new tissues to replace the digestive linings are not manufactured, which causes the digestive lining to deteriorate such that the food consumed is not properly absorbed. Kwashiorkor, the second form of PEM, occurs later in childhood and is usually due to sudden deprivation of proteins. Kwashiorkor is seen more often in hot, tropical areas where mold is more common and found infecting the grains. Interruption of food supplies, caused by social unrest or war, also can contribute to kwashiorkor. Kwashiorkor’s symptoms include edema caused by a lack of the blood proteins that normally tend to keep the fluid in the bloodstream. A picture of children with bloated stomachs (symptomatic of kwashiorkor) frequently signals hunger in various regions of the world.

What are the environmental and ecological impacts of eating animal protein? One of the concepts that a student learns early in ecology class is the “rule of 10”: As nutrients go through different organisms, only about 10 percent of the energy is passed to the next group. What does this rule of thumb have to do with animal protein? Instead of the animals in the developed countries getting feed from pastures, these animals are placed in large factory-like farms where they are fed grains. According to Pond and his associates in their 2005 study of animal nutrition and feeding, even if the energy yield is higher than 10 percent (it does vary from 5.3 percent to 37.8 percent from beef to swine), animals are fed grains that could otherwise provide food for people. The grains grown for animal feed prevent the use of the land to grow foods that could be consumed directly by humans. This relationship explains why some scientists talk about eating “lower on the food hierarchy” in an effort to feed the hungry in the world. Even if only plant sources for protein were eaten, however, it is doubtful that the problems of hunger and starvation in the world would be eliminated. The current estimate is that there is sufficient food (grains) to feed all the people of the world and millions more. The real problem is that distribution of food parallels distribution of wealth. Food costs money, and many of the poor do not have the resources to buy sufficient food to meet their nutritional needs. Giving food to starving people in times of a food crisis or famine saves lives, and assisting those with food problems grow their own food or find employment so they can purchase food eliminates a food crisis. Unfortunately, convincing the world’s wealthy countries to assist those nations with chronic food problems to develop agriculture, plant new crops, and apply new agricultural techniques is difficult. As a consequence, these underdeveloped countries continue to import agricultural products from the wealthy countries, thereby strengthening the economies of wealthy countries.

In this world, hundreds of thousands of people are malnourished. Although not all malnourished people are protein deficient and specifically not animal protein deficient, a substantial number of malnourished people suffer from protein deficiency. Protein deficiency results in the condition of PEM described earlier. Whitney and Reites (2011) attribute PEM as the most prevalent form of malnutrition, affecting 500 million children and leading to 33,000 deaths per day. According to the most recent United Nations data, compiled in 2010, there are an estimated 925 million malnourished people in the world.

Regardless of the question of advantages and disadvantages of an animal protein (meat-based) diet versus a plant-based diet, many consider the meat-based diet as unsustainable. Put simply, an animal protein diet requires too many resources (land, water, and fossil fuels) to be sustainable for the long term as currently practiced. Pimental and Pimental (2003) estimated that the grain fed to livestock in the United States alone would feed 840 million people on a plant-based diet—most of the estimated number of malnourished people in the world.

Future Importance

While the future is always difficult to predict, the consumption of animal proteins in the future is particularly problematic to forecast. If genetically modified (GM) plants were to be created with an amino acid ratio similar to the animal protein ratio, would they be accepted? Many parts of the world continue to reject GM organisms. Will the food distribution problems that lie at the heart of the hunger question be resolved? If it were easier to obtain proper nutrition from plant materials, would the people of the world change their eating behavior? In China, the most populous country in the world, residents have increased the percentage of animal protein in their diet from 24 percent to 41 percent over the last several decades as the country has become more developed. This increase in using animal proteins seems to be a general trend. Will the increased competition for animal proteins be sustainable, environmentally harmful, or a threat to peace? Will the cost of animal proteins increase so much that they will continue to be out of the financial reach of most people? There are far more questions than answers related to the role that animal proteins will play in the future. Some of these questions must be answered for the future of humanity and the environment.
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Arable Land

Danny M. Vaughn

The term “arable,” derived from the Latin word arare, meaning “to plow,” is an agricultural description for land that is capable of being used for growing crops. It also includes all land that possesses the soil and climate conditions suitable for growth of forests and natural grasslands. Arable land has geographical significance when it is considered in the context of an ability to grow and sustain crops that, by extension, provide a food source for a regional population of people. The most productive arable land is overlain by soils derived from glacial till and sediment. Such soils were deposited by glacial outwash, major rivers, and, within near-shore areas, shallow sea environments through evolutionary processes of weathering and erosion, extending over thousands of years of Earth history.

A number of critical factors must be examined when determining whether land is suitable for an arable classification, and by its value, in the type of crops it can yield. Physical and chemical properties of the soil, water availability, irrigation needs, climate factors, land use and deforestation practices, desertification, landfills, urban sprawl, and topography influence the quality, distribution, and ultimately the land’s ability to render itself as agriculturally productive. Arable land that is considered unsuitable for farming will be affected by one or more of the following factors: no source of fresh water, extreme temperatures (too hot or too cold), rocky terrain, too mountainous (steep slopes), saline or alkaline soil, too little or too much precipitation, too snowy with a short growing season, too much pollution in the soil or ground water, and generally nutrient-poor soil.

A Growing World Population

Arable land and crop production play important roles in the ability of nations to feed their citizens. Unfortunately, while many countries possess reasonable percentages of arable land (see Table 11), they are constrained by at least one or more variables (infertile soil, unsuitable climate conditions, poor land-use practices, or a topography that is too steep, too high, too rocky, or otherwise unsuitable) that limit the total amount of area that can be planted to grow a significant volume of food.

The Earth’s land surface area totals approximately 57,506,055 square miles (36,803,728,290 acres), which is about 29 percent of the total surface area of the planet. Of this area, 6,078,390 square miles (3,890,154,081 acres), or 10.6 percent of the total land area, is arable; 598,063 square miles (382,758,774 acres), or 1.04 percent, is being used to grow permanent crops. A lack of uniformity in the distribution of natural resources leads to a number of problems, such as food shortages and famine throughout many regions of the world. The disproportion and quality of arable land, in association with the factors previously mentioned, play a significant role in whether a country’s population is able to maintain its basic food base. This imbalance in the distribution and availability of the necessary resources has resulted in many of the world’s principal survival and longevity issues.

Table 11. Land Utilization and Urban Growth Rates



	Country

	Arable Land (%)

	Permanent Crops (%)

	Other Land Use (%)

	Urban Growth Rate




	Argentina

	10.03

	0.36

	89.61

	1.4




	Australia

	6.15

	0.04

	93.81

	1.4




	Brazil

	6.93

	0.89

	92.18

	2.0




	Canada

	4.57

	0.65

	94.78

	1.2




	China

	14.86

	1.27

	83.87

	3.2




	Egypt

	2.92

	0.5

	96.58

	2.1




	France

	33.46

	2.03

	64.51

	0.7




	Germany

	33.13

	0.6

	66.27

	0.3




	Guatemala

	13.22

	5.6

	81.18

	3.4




	India

	48.83

	2.8

	48.37

	2.3




	Indonesia

	11.03

	7.04

	81.93

	3.9




	Iran

	9.78

	1.29

	88.93

	2.3




	Ireland

	16.82

	0.03

	83.15

	1.5




	Japan

	11.64

	0.9

	87.46

	0.3




	Mexico

	12.66

	1.28

	86.06

	1.8




	Netherlands

	21.96

	0.77

	77.27

	1.3




	Pakistan

	24.44

	0.84

	74.72

	3.4




	Russia

	7.17

	0.11

	92.72

	−0.6




	Saudi Arabia

	1.67

	0.09

	98.24

	3.5




	South Africa

	12.1

	0.79

	87.11

	1.4




	Sweden

	5.93

	0.01

	94.06

	0.1




	Thailand

	27.54

	6.93

	65.53

	1.9




	United Kingdom

	23.23

	0.2

	76.57

	0.4




	United States

	18.01

	0.21

	87.78

	1.4




	Vietnam

	20.14

	6.93

	72.93

	3.2





Source: Created from data available from http://www.di.net/articles/archive/2572/, January 2007.

On October 12, 1999, the planet reached a milestone population of 6 billion inhabitants, with most new births occurring in developing countries. The total population for the Earth is projected to be approximately 9.3 billion by 2050. Africa and Asia will account for 20 percent and 60 percent of the world’s population, respectively. Arable land is a critical resource in providing a large percentage of food to the world through agricultural development. The availability of productive land, coupled with climate adjustments and human behavior, ultimately will affect the planet’s ability to sustain human life or result in catastrophic consequences.

Soil Retention, Climate Factors, and Productivity

Soils are among the most complex and varied of the Earth’s surface materials. Soil is a collection of natural bodies, consisting of weathered rock and minerals, decaying organic matter, which, when combined with sufficient quantities of air and water over time, will promote and support plant life. The thicknesses of soil horizons and mineral and organic content vary with respect to time, climate, geographic location, and topography. A productive soil is one that possesses an optimal measure of sustainable nutrients and water; its availability is, in part, governed by climate, topography, and prudent land-use practices.

The development and practice of agriculture has been a means of obtaining food for only some 10 percent of documented history. Plowing degrades the soil, causing chemical and biological losses of the three critical elements that are necessary to grow healthy crops and maximize yields: nitrogen, phosphorus (phosphate), and potassium (potash). For example, deforestation and land-use changes to agriculture in Paraguay and Brazil, through conventional (mechanical) tillage practices using a heavy disk plow and harrow, were causing a reduction in organic content in the upper layers of soil. A return to more manual tilling practices has since improved the organic content in the soils of these countries, although no defensible scientific evidence indicates that this practice is the principal cause for the increase.

Fallow arable land (i.e., land not tilled or sown) can play an important part in affecting air quality, directly influencing local climate and crop yields. For instance, in March 2007, a dust cloud, composed of very fine-grained topsoil from the lower reaches of the fertile Dnieper Valley in the southern Ukraine, traveled more than 932 miles and settled over Slovakia, Poland, the Czech Republic, and Germany. Peak concentrations of between 200 and 1,400 micrograms of PPM10 particulates per cubic meter were measured. The daily average limit over the European Union is typically 50 micrograms per 1.3 yards. The total load of dust was estimated at 2,952,619 long tons. These massive movements of dry topsoil had the potential of destroying large tracts of farmland, resulting in human-induced desertification and micro-climatic change. In another case, since the 1930s, fallow fields throughout the southern Ukraine have been exposed to wind erosion, placing 84,943 square miles of highly productive farmland under siege. One-fifth of the particulates distributed about the planet are thought to be caused by the cultivation of fields.

Weather and climate are important in recharging ground water reservoirs and moisture content within the overlying soil layers. Timing, amount, and duration of precipitation and runoff from snowpack are controlling factors. Water-holding capacity is critical for arable soils in arid climates where evaporation rates are normally very high. Seeds will germinate and mature into productive crops only when these basic climatic requirements are met. A deficiency or surplus of water can result in soils losing their ability to sustain plant growth, thereby becoming agriculturally nonproductive. Too much water will drive the air (oxygen) out of the soil, so that the plant drowns. Insufficient water desiccates (wilts) the plant, which causes its stomata pores to close, thereby preventing carbon dioxide from entering the plant. A deficiency in carbon dioxide will inhibit plant health and ultimately stunt its growth.

When arid regions, not climatically conducive to growing food crops, are cultivated, irrigation techniques become necessary to provide sufficient water in consistent amounts and over a sustained duration of time to ensure plant vigor and a healthy yield. Irrigation will always be a controversial issue, because it requires transporting water from a location of abundance to a location in need. Irrigation is necessary only when the amount and distribution of water do not sustain healthy plant growth, although many regions are irrigated unnecessarily, reducing available water supplies for all concerned. A problem develops when a source of abundant water is drawn down to levels at a rate that is not recharged sufficiently to replenish the source. This action results in shortages throughout both the water source region and the more distant regions to which the water is being transported.

On average, only 45 percent of irrigated water reaches crops. This value varies, however, with higher percentages of water loss occurring in hot, arid climates due to evaporation. The Yellow River (China) was dry for nearly 200 days in 1997, due to low rainfall amounts and excess use of water for industry and agriculture. In turn, China’s soybean production was reduced to levels that required the country to import products to meet its current needs from Brazil. While Brazil has an abundance of water in the large tropical savanna known as the cerrado, encompassing an area of about 250 million acres, the land is nutrient deficient in phosphorus and potassium. The total arable land within the cerrado is approximately equivalent to the entire amount of arable land in the United States; however, while this land is water rich, it is nutrient-poor, requiring replenishment of large volumes of phosphorus and potassium to sustain a decent crop (soybean) yield. An average acre of recently cultivated arable land within the cerrado requires 14 times the amount of phosphate and three times the amount of potash of a typical American acre.

Increasing the amount of productive land for agriculture by destroying forests and other naturally vegetated regions will merely continue to destabilize the world ecosystem by destroying the wildlife habitat necessary to ensure a proper balance. Sufficient percentages of arable land (see Table 11) exist throughout the world; however, land-use practices and technological advances will be the key to producing sufficient food supplies for the future. Increasing the efficiency of nutrients beyond just allowing a natural course of action through basic recycling of water, biological processes (nitrogen fixing), and replenishment of minerals will require reliance on worldwide advances. Technology must be used in a prudent and responsible way to ensure that regions do not continue to poison the soil while increasing their crop yields. The basic question of how to create better fertilizers and pesticides to produce higher yields, while simultaneously eliminating waste products that are detrimental to the total ecosystem, must be resolved. The negative consequences of industrial waste, including heavy metals and other carcinogenic compounds, plus increased concentrations of pesticides into the river systems, have diminished the world’s fresh water supply. On a positive note, the United States returned more than 308,882 square miles of farmland to wilderness over a few decades leading up to 1999. This practice must be followed throughout all developing countries.

The causes of global climate change are complex, and predicting weather patterns with any degree of certainty is nonlinear and problematic. There is little doubt that the Earth is warming, glaciers and ice sheets are melting, sea level is rising, storm activity is becoming more intense, and precipitation patterns are becoming more inconsistent in the amount and timing of events. All of these measurable changes will continue to have pronounced effects on the quality of arable land available for agriculture, its geographic distribution, the type of crops grown, yields, and eventually the places where people choose to live. While some countries are land rich, others such as Bangladesh will lose large percentages of valuable land necessary to provide an adequate food supply for their populations. Bangladesh is principally a delta formed by two rivers, with the heaviest concentrations of sediment in the world. World increases in sea level could inundate large tracts of fertile cropland in this country, further reducing an important food source. Shortages in food will prompt violence as a final means for survival. This issue is already occurring in sub-Saharan Africa, where drought is the natural catalyst for starvation, while politics and intertribal conflict have resulted in mass genocide, serving only to compound the problem of food shortages. Negative human behavior has created long-term social enmity in nations stressed by environmental constraints or calamities.

A change in the flow pattern or even the fate of the future existence of the Gulf Stream was predicted by Edwards in 1999. The impact on temperature variation and ultimately crop production in countries bordering the eastern Atlantic Ocean, such as the United Kingdom, could be devastating. Cooler temperatures and a shorter growing season could change the type and overall yield of food crops for many countries aligned with this warm ocean current. Florida and other coastal regions, including most major port cities throughout the world, will be affected economically as sea level rises and inundates major metropolitan areas. Massive flooding and salt water impingement will require major adjustments in land use.


Climate Change and Global Distribution of Arable Land

Danny M. Vaughn

The Earth’s climate is changing; an abundance of scientific data supports this conclusion. A number of global databases have been created, examining soil properties, slope, temperature, and precipitation in an attempt to simulate arable land and its agricultural suitability, from a series of low- and high-emission circulation models. Countries at higher latitudes within the Northern Hemisphere are more likely to benefit from climate change, whereas countries at middle and lower (equatorial and subtropical) latitudes may suffer various levels of loss of arable land. Expansion of potential arable land might occur in regions such as Russia, North China, and the northern United States. Arable land loss is predicted in selected countries of South America, Africa, and Europe, as well as India. The greatest potential for arable land increases and agricultural expansion also lies in a number of countries within Africa and South America, where the currently cultivated land accounts for approximately 20 percent of the net potential arable land in the world. Climate change will alter the global distribution of arable land and further influence agricultural-related socioeconomic aspects by the end of this century.



Social and Cultural Factors

In the 1990s, a United Nations Food and Agricultural Organization survey of 57 developing countries found that more than half the farms in these countries were smaller than 2.5 acres and not sufficient enough in size to generate enough food to feed a family of four to six children, while also producing a surplus for profit. More than 70 percent of India’s population farm and eat all of what they grow. Three-fifths of all of their farms are smaller than 2.5 acres. By 2025, India will be the most densely populated country in the world, with more than 1.5 billion people compressed into an urban setting that will be unable to sustain even the minimum nutritional requirements. In India, sons receive equal shares of land as an inheritance; therefore, the size of the farms gradually diminishes with each generation. In this country, the concentration of arable land is being reduced to a few farmers at the cost of the more traditional smaller family farms. Sixty-five percent of the most productive land in Guatemala is controlled by 3 percent of the farmers, typical of many Latin American countries. In this case, the problem is not yield, but rather the fact that the crops produced are exported and are not feeding the host population in need.

The demand for arable land has resulted in clearing of marginal land such as hill slopes, causing erosion of fertile soil layers, loss of essential nutrients, and salt contamination in arid regions. Poor farming practices also contribute to soil nutrient degradation, while huge amounts of land are lost each year to rapid urbanization from a growing population.

Possessing large tracts of land classified as arable (see Table 11) does not ensure that a country’s population will be fed adequately. China has about 7 percent of the world’s arable land, but it also contains nearly 25 percent of the world’s population. The rapid growth of China’s economy has prompted massive construction projects that have reduced the amount of arable land by 1,185 square miles in a single year. Illegal land-use practices have also escalated by more than 17 percent, threatening the government’s red line of 296,525,271 acres necessary to maintain the country’s level of food safety until 2020.

The value of arable land is critical in countries at risk of not having enough to feed their population or with serious environmental issues that are damaging their natural resources. China, South Korea, the United Arab Emirates, Japan, and Saudi Arabia have acquired and now control more than 18,532,829 acres of cultivatable land outside their national territories. The fall in land prices during the early part of the 21st century and a world economic implosion have redirected investors to more stable and potentially lucrative real estate. The distribution of arable land is falling into the hands of countries outside the political boundaries of the people who reside there as its citizens. Those countries that have a strong monetary base, such as the petroleum monarchies, are grossly deficient in healthy, productive agricultural land; money buys them security in food production through the purchase of arable land in underdeveloped countries. As an example, Qatar controls land in Indonesia, Bahrain in the Philippines, and Kuwait in Myanmar (Burma).

Future Sustainability of Arable Land

The United Nations forecasts that the area of arable land will increase 13 percent by 2030. Sufficient arable land should be available to feed a population of 9.3 billion until 2050, assuming a number of factors remain constant. Arable land will have to expand by approximately 296 million acres in developing countries, mainly in sub-Saharan Africa and Latin America. Mechanisms for equitable food distribution, effective technical assistance, and available capital for infrastructure development will be necessary to ensure developing countries within these regions have a reasonable chance of sustaining their growing populations. They will be particularly critical in sub-Saharan Africa and throughout many Asian countries. Arable land currently in use in developed countries is expected to decline by some 193,051 square miles, although this trend could be reversed by the demand for biofuels.

Pesticides protect crops around the globe; without them, 70 percent of the world’s harvest would be lost. Currently, more than 40 percent of food crops are lost annually to insects and fungal diseases. The chemical industry has developed pesticides that are biologically unstable so that the levels of residues detectable in fruits and vegetables are 100 to 1,000 fold below safe levels. If pesticides were not used, an increase in 1,544,408 to 21,621,721 square miles of arable land would have to be made available for agricultural cultivation in the future to equal year-2000 yields. Without the technological advances currently in place, current food production would require substantially more than 4,942,087 acres to be plowed up.

Whether one subscribes to the theory that natural or human-induced effects are to blame for climate change, the outcome of this trend is clear: Such change will be destabilizing for a world village. The physical and chemical properties of soils and climate factors no doubt will play important roles in the health and long-term ability of arable land to produce food crops. While environmental factors are not easily controlled, human stewardship, through prudent land-use practices, will be critical, affecting crop yields throughout the world.

The use of satellite imagery has reached the level of resolution that now enables scientists to measure soil moisture over large tracts of land. The launch of the European Space Agency’s Soil Moisture and Ocean Salinity (SMOS) satellite will revolutionize the study of Earth’s hydrologic cycle and, by extension, measure changes in land surface moisture. The Microwave Imaging Radiometer, using Aperture Synthesis (MIRAS), will enable scientists to identify fields that are stressed with water shortages, enabling irrigation practices to be more precisely directed by farmers. Identifying stressed fields can be a precursor to identifying regions susceptible to desertification. One-third of the Earth’s land surface (19,150,667 square miles) is threatened by desertification, with 24 billion tons of fertile soil disappearing annually. More than 250 million people are affected directly. The human impact on the amount of usable arable land will be magnified as the Earth’s population increases and land is taken up by homes and other structures. As the planet becomes more crowded, societies will be required to address the limits of arable land, climate factors that govern sustainable agriculture, and water availability.
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Biodiversity

Bharath Ganesh-Babu

Human beings depend on other living organisms for food and nourishment. For 12,000 years or more, humans have been successful in domesticating a variety of plants and animals not only to satisfy their immediate needs, but also to provide them with long-term food security. Domestication, a significant innovation, would not have been possible without an understanding of and deference to the natural systems and their limits. After all, the same mechanisms that are responsible for the existence of a myriad of living beings on Earth have allowed humans to select plants and animals to fit their needs. The diversity of living organisms is critical for both plants’ and humans’ continued existence and evolution. It is important to understand the significance of biological diversity if humans are to aspire to sustained food security.

Biodiversity refers to the number and variety of all plants, animals, microorganisms, and ecosystems. It is expressed as the variation of living organisms within a given location or across geographical regions. The diversity of life-forms is uneven across the globe. While some areas, such as the tropical forests, abound with a variety of life-forms, others, including arid deserts or frigid poles, are virtually devoid of life-forms. Most areas on the Earth lie on a continuum between these two extremes. The goals of ecologists and biogeographers are to try to understand these variations and their geographic distribution. Biodiversity, however, is not limited to a simple count of distinct life-forms, but rather can be explained at three levels—genetic diversity, species diversity, and ecosystem diversity.

Genetic diversity refers to the variation in genetic information contained in the deoxyribonucleic acid (DNA) of living things. Genes contained in DNA can occur in nearly infinite combinations, giving rise to limitless varieties of shapes, sizes, colors, and behaviors of individuals. Depending on the given environmental conditions, these traits can be either advantageous or disadvantageous in terms of an individual’s survival and its ability to pass those traits on to its descendants. The process that allows for the survival of individuals with such optimal traits and the extinction of individuals with incompatible traits is natural selection, which plays a key role in evolution. Although individuals have genetic variations that make grouping them into various categories very difficult, biologists classify individuals with morphologically similar traits based on their ability to interbreed and produce fertile offspring. Such groups are called species.

Species diversity refers to the total number of living species. It can be understood from two perspectives—species richness and species evenness. The total number of species in a given area indicates its species richness. Some areas of the Earth, such as the Amazonian rainforests, are called biodiversity hotspots because species richness in such areas is particularly high. Globally, species richness is generally greatest near the equator and declines toward the poles. Species evenness is the distribution of individuals among different species; it incorporates a determination of whether all species share equal numbers of individuals. For instance, it is likely that in an area containing several species, one species has a greater number of individuals when compared to another, which indicates low species evenness. Biological diversity within an area is indicated by the variation in the number of different species, the degree of variation among them, the frequency of their occurrence, their survival strategies, their interactions with other species in the community, and their interaction with the environment. Out of the 10 million to 100 million species estimated to inhabit this planet, biologists have identified only some 1.7 million species.

A collection of species that interact with one another and with the environment is called a community. An ecosystem is made up of different habitats that are used by a variety of communities. For instance, a forest ecosystem is different from a grassland ecosystem owing to the difference in the physical conditions (e.g., soils, climate, topography) and the variation in species composition and behavior (e.g., nutrient use, leaf area, root depth). Ecosystem diversity refers to the variety of ecosystems on Earth. The diversity of an ecosystem depends on the physical characteristics of the environment, number and types of habitats, the diversity of species present, their mutual interactions, and their interactions with the environment.

Significance of Biodiversity

Maintenance of biological diversity is important for the health and wellness of ecosystems. Due to the dynamic nature of Earth environments, an area that is favorable for the survival of a species could easily become hostile. Persistence of life through small or catastrophic environmental disturbances is made possible by biodiversity. Some species that are not resilient will perish, whereas others that possess advantageous traits may survive in the new environment. As a result, while the type of species living in that environment may change, life itself persists. The importance of biodiversity is vividly seen when a disease kills certain plants, but not others, because the surviving plants happen to be resistant to that disease. If all plants had the same traits and susceptibility to the disease, then that disease would drive all of them to extinction. The effects of environmental disturbance can also be visualized through another example. After a violent volcanic eruption, it is likely that all plant and animal life will be destroyed in the immediate vicinity of the event. This environment becomes unfavorable for woody trees, as the soil is replaced with new rocky material. However, grasses or shrubs may quickly colonize the area to take advantage of the space and sunlight. This spread is possible because grasses and shrubs, unlike trees, do not require deep soils to survive. If these species had not possessed traits that were different from those of the trees, life could not have continued.

Historically, humans have modified the genetic makeup of organisms that provide them with food. For example, they have selectively bred out the bitterness from almonds, subdued the toxicity in potatoes, and created docile cattle from wild Aurochs. As humans began to move away from hunting and gathering to agriculture a few thousand years ago, they started modifying natural ecosystems to generate an increased amount of edible food. Largely inedible wooded ecosystems were removed and replaced with grassy ecosystems containing edible cereal grasses. Fertilizers were applied to nutrient-poor soils, pests were kept at bay or eradicated, weeds were kept in check, and the grasses themselves were harvested and replanted seasonally. Essentially, agroecosystems evolved as simplified ecosystems established to provide energy for human consumption. Whether agroecosystems have higher biodiversity or not depends on the agriculturalists and the economic pressures to which they are exposed. In subsistence systems where the agriculturalists consume most of the food they grow, a high level of agricultural diversity is required to ensure sufficient food and balanced nutrition. In systems that are integrated with the market, export motivation usually drives the cultivation of one or two principal cash crops, thereby reducing agricultural diversity. Although agroecosystems are maintained by humans, much of their success depends on natural systems that provide services, including water, nutrient, and biogeochemical cycling.

For human well-being, biodiversity is like a savings account, library, and municipal services bundled together. First, it acts as a savings account for the following reason: Humans have come to rely on a few food sources that are economically sensible. For example, food crops that generate the largest amount of money when sold are grown in large quantities. By growing one large genetically identical food source year after year, an agriculturalist takes the risk of exposing the food crop to quickly evolving pests and diseases that may cause large-scale crop failures. According to the Food and Agriculture Organization (FAO), since humans first began farming, they have cultivated approximately 7,000 species of plants. Today, however, only 30 crops provide 90 percent of the world population’s dietary energy requirements. Wheat, rice, and maize alone provide 50 percent of the global dietary energy consumed. Similarly, out of the 30 to 40 species of animals and birds that were domesticated, only 14 species account for 90 percent of global livestock production today. Growing a genetically diverse variety of food sources ensures that even if one variety is attacked, the resistant varieties will survive.

Diversity also ensures a better balance in human nutrition. Oversimplification of diets is one of the major causes of malnutrition in the world. One-third of the world population suffers from diseases associated with malnutrition and inadequate access to food. Simultaneously, conditions such as diabetes, obesity, and heart disease are on the rise among the world’s peoples, regardless of their economic status. A broader variety of foods grown in agroecosystems with higher diversity can improve nutrition. Even different varieties of the same crop may contain significantly different nutrient contents. For example, the protein content in rice varieties can vary 5 to 14 percent, and some maize varieties contain high protein while others contain high sugar content. Ethiopian farmers have identified at least three varieties of sorghum that contain 30 percent more protein than other varieties and 50 to 60 percent more lysine, a limiting amino acid required for the body’s utilization of protein as an energy source.

Second, the multitude of species, each with specific genetic information, can be viewed as analogous to books in a library. One use of this library has been in the field of medicine. By understanding the makeup of plants, humans have been able to harness their many chemical compounds for medicinal use. For example, a medicine was developed from the rosy periwinkle for treating childhood leukemia. The foxglove plant was found to be useful in the treatment of heart disease. Plants, being immobile, defend themselves against a wide range of predators through the use of natural toxins. By elucidating the evolutionary history of the plants, the nature of these toxins, and their effects on predators, humans can identify specific uses for these compounds. Perhaps cures for many diseases are locked in the many different plant species that have not yet been examined.

Third, like a municipality, biodiversity provides humans with several environmental goods and services. Ecosystem goods include food, fiber, fuel, biochemical resources, genetic resources, and fresh water. Ecosystem services include flooding, pest control, pollination, seed dispersal, erosion regulation, water purification, and climate and disease control. Additionally, nutrient cycling, production and regulation of atmospheric gases, water cycling, and other functions provided by the ecosystem are services on which humans rely. An estimated 100,000 different species of pollinators keep food crops alive at no monetary cost. Pollinators, such as bees, transport the male sexual cells from one plant to the female parts of other plants, thereby facilitating sexual reproduction in immobile plants. Consequently, scientists warn that the decline of pollinators could have a profound negative impact on crop survival and, ultimately, food prices. Trees have a significant effect on regional temperatures and precipitation through transpiration, which is the process by which plants pump ground water up through their root systems, allowing for evaporation into the atmosphere from their leaves. Research shows that plants influence the composition of atmospheric gases such as oxygen and carbon dioxide and play an important role in the biogeochemical cycles. The availability of soils for human use is yet another important environmental service that cannot be taken for granted. Soil fertility and suitability for agriculture are functions of soil structure, composition, and chemistry that are determined by both physical and biological components. Weathering due to sun, wind, and water action breaks down rocky material into soils, which then act as natural filters to purify the groundwater. Soils also act as water and nutrient storage systems, which are essential for growing food crops. Biological organisms such as earthworms and fungi recycle nutrients for plant use by breaking down and decomposing organic material.

Current Status and Future Prospects

Natural selection favors species that possess traits that are successful; this implies the extinction of species that possess unsuccessful traits. Extinction, an integral part of evolution, occurs when no living representative of a given species exists any longer. Of all the living things that ever existed on Earth, only 1 to 5 percent exist today. Based on fossil record estimates, the average rate of extinction appears to be about one species every four years. In addition to this background extinction, sudden extinction events, known as mass extinctions, also have occurred. Fossil records indicate that five such events occurred in the past, during which most living organisms perished due to a cataclysmic event or a rapid change in the environment. Scientists suggest that such a mass-extinction event is occurring today as well, with species vanishing at a rate 1,000 times greater than the natural rate of species loss. The major driver of this event is linked to human modification of the environment.

Habitat alteration in the last five decades alone has caused major loss of biodiversity. Conversion of natural landscapes to human land uses, especially for agriculture, has fragmented continuous landscapes that once provided food, cover, and shelter for several species. Human activities have disrupted the biogeochemical cycles by speeding up the loading of nutrients, such as nitrogen and phosphorus, derived from fertilizers and farm effluent. These effects have caused drastic changes in terrestrial, freshwater, and coastal ecosystems. The amount of atmospheric carbon dioxide has been elevated by burning fossil fuels for energy generation, while simultaneously large expanses of vegetation and coral reefs that act as carbon sequesters have been destroyed. Manufacturing and industrial farming have contributed to increased methane, nitrous oxide, and other gases in the atmosphere. Consequently, shifts in global climate patterns have been observed. Numerous species, not resilient enough to adapt to the rapid environmental changes brought about by such climatic shifts, are being driven to extinction.

Additionally, human exploration and travel have consequences. Intentional and unintentional introductions of non-native species into new locations have been a significant driver of species extinction. Alien species often thrive in new locations because the predators and diseases with which they coevolved do not exist in these locations. Native species are often unprepared for such sudden and aggressive competitors, and they are rapidly edged out and driven to extinction. Humans themselves have played the role of invader and predator. They have harvested and hunted plants and animals and driven many species to extinction in the past. For example, the large marsupials of Australia were driven to extinction by the invading aboriginal humans approximately 30,000 years ago. Currently, the large human population and its insatiable demand for plant- and animal-derived products have increased the rate of harvesting to unsustainable levels worldwide. In other words, the speed at which humans are harvesting does not allow enough time for these species to repopulate.

Preserving biodiversity is not only critical to prevent a mass extinction of species, but also to protect human beings’ food security. The biggest challenge that people face today is to discover ways to live in a sustainable manner. That is, at a minimum, humans need to figure out a way to feed, clothe, and shelter all people without exhausting the resources for future generations. Broadly, the following actions may be required: (1) discover clean, inexhaustible, and practical sources of energy; (2) provide incentives for agricultural biodiversity and discourage monoculture farming methods; (3) view funding of active plant and animal species conservation efforts as a long-term investment; (4) discourage excessive consumerism and encourage sustainability through education and public policy; (5) use market-based mechanisms, such as estimating the monetary value of ecosystem services, and add that value into the cost of the products, with the additional revenue generated being allocated for the preservation of biodiversity; and (6) reevaluate the fundamentals of economic practices that promote maximization of profits without regard to the environmental burden that is thrust upon future generations.
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Carbon and Conservation Tillage

Gregory Gaston
Kacey Mayes

All life on Earth—and, as far as scientists on Earth can determine, all life in the universe—is based on carbon. If the carbon atom is the basis for biochemical life, then agriculture is the basis of human civilization. Indeed, “civilization” is equated with the adoption of agriculture. Key developments in agricultural technology were the tools used to “till” the soil. Tillage generally inverts the top layers of soil, making it possible for humans to concentrate on producing a particular suite of crops. The plowshare appears to date to 3500 BCE in Egypt. This initial crude tool was followed in the 11th century by the invention of the moldboard plow in Europe. The widespread adoption of this new tool and the enhanced ability of the moldboard to bring into production the heavy soils of much of Northern Europe, coupled with the warm stable climate of the Medieval Warm Period, led to significant expansion of the human population of Europe. This expansion was destined for reversal soon thereafter, however: During the Little Ice Age and the spread of the Black Death throughout Europe, between 30 percent and 60 percent of the population died.

Since that time, populations have grown steadily, and innovations in agriculture to support this expansion have centered on the plow. In 1837, innovations in metallurgy and efforts to improve farming practices came together to again expand the range of soils that could be farmed. The invention of the steel moldboard plow by John Deere in the United States enabled farmers to plow the thick prairie soils of the world. The result was revolutionary change in the agricultural industry: Now the world’s “bread baskets” were no longer prairies. Even so, more than 100 years after Deere changed agriculture and less than 50 years into the mechanization of farming, a global economic panic, coupled with severe regional climate change (called the “Dust Bowl” in the United States), resulted in a crisis for global agricultural production. Edward Faulkner, among others, reflected on the American Dust Bowl and concluded that perhaps tilling the soil was not the best way to feed the world. In Plowman’s Folly (1943), Faulkner exposed the problems connected with conventiontal tillage and tested one of the first versions of no-till agriculture.

Stored soil carbon is “burned out” by traditional tillage methods. This reduction in organic carbon in the soils dramatically reduces the inherent fertility and productivity of the soil. It has long been recognized that the oxidized organic carbon from soil is released to the atmosphere and represents a significant source of anthropogenic atmospheric carbon dioxide. Conversion of lands to agricultural production results in a sharp decrease in organic carbon stored in the soil. In 1983, Houghton and his colleagues noted that a significant percentage of previously stored organic carbon in soil is released to the atmosphere upon conversion to agriculture. Since the invention of agriculture, the total amount of atmospheric carbon released through conversion of soils to agricultural production on a worldwide basis is estimated to be 180 Gt (gigatons), or about 6 percent of the total 3,000 Gt of carbon in the current atmosphere.


Thomas Jefferson and the Moldboard Plow

Gregory Gaston
Kacey Mayes

In an 1813 letter to Charles Wilson Peale, Thomas Jefferson noted that “The plough is to the farmer what the wand is to the sorcerer. Its effect is really like sorcery.” Thomas Jefferson, statesman, inventor, and farmer, was one of the premier examples of a true “renaissance man” in early America. He was passionate about improving the efficiency of the plow. In 1794, using specific, repeatable, mathematic calculations, he developed a light moldboard plow that was revolutionary in its performance. Jefferson declared that the moldboard, as he designed it, was “mathematically demonstrated to be perfect.”

Jefferson’s plow was designed specifically for use in the hilly ground of Monticello. His plowing methods represented early efforts at contour farming. He wrote:


We now plough horizontally following the curvatures of the hills and hollows, on the dead level. . . . Every furrow thus acts as a reservoir to receive and retain the waters, all of which go to the benefit of the growing plant, instead of running off into streams. . . . In point of beauty nothing can exceed that of the waving lines and rows winding along the face of the hills and vallies [sic].





Basics of Conservation Tillage

Traditional tillage practices rely on the moldboard plow to invert the top layers of the soil, burying surface residue and exposing the middle layers of soil fully. The bare soil is further broken down through additional tillage, preparing the seedbed for the few annual crops that form most of our agricultural base. Additional tillage is used during the growing season to suppress other vegetation (weeds). The bare exposed soil between agricultural plants experiences significantly higher soil temperatures and exposure to abundant atmospheric oxygen, which releases carbon dioxide from decomposing soil organic matter. This continual disturbance breaks down soil structure, and the exposure to wind and rain produces rapid rates of erosion.

Technology has made it possible to reexamine the whole process of soil preparation in agricultural fields. Conservation tillage, reduced tillage, and no-till are all terms that are applied to agricultural management practices with a common focus, as defined by the UN-FAO: “to maximize ground cover by retention of crop residues and to reduce tillage to the absolute minimum . . . to achieve a sustainable and profitable production strategy.”

Critical new tools for this form of agriculture include herbicides that suppress competing vegetation. Because conservation tillage requires minimal soil disturbance, a method of removing unwanted vegetation is required. Herbicides seem to be the most efficient way to accomplish this goal. Species-specific types such as atrazine, which affects only grasses; 2-4D, which is tailored to affect only broadleaf species; and glyphosate, which is a broad-spectrum, nonspecific herbicide; represent a significant change in agricultural technology. Chemical herbicides have provided a technological solution to the need for mechanical cultivation to suppress competing vegetation.

Advantages of Conservation Tillage

While sequestration of carbon in the soil, rather than allowing its release to the atmosphere, is a fairly recent concern, a much more significant problem addressed through conservation tillage is the almost universal reduction of soil erosion. When a layer of crop residue is maintained on the soil surface, it provides a mechanical barrier to wind and water erosion. Both wind and water erosion are sharply reduced using conservation tillage.

Dramatically reduced rates of soil erosion are possible with conversion to conservation tillage practices. As much as a 98 percent reduction in soil erosion has been observed in fields where no-till agriculture was implemented. Just this benefit alone would convince many farmers to investigate conservation tillage. After all, the primary source of capital for agriculture is the fertility of the soil. If it is practical to preserve that capital through better management processes, very few farmers will refuse to adopt new practices. It has been estimated that 50 percent of the carbon transported from agricultural soils by erosion ends up in the atmosphere. While several management options affect the storage of organic carbon in soils, only no-till agriculture results in significantly increased carbon sequestration.

In modern agricultural practices, the line between profit and loss is very narrow indeed. Seemingly small reductions in production costs could very easily mean the difference for farmers between making the payments and having a little left over and defaulting on the loans required to purchase seed, fertilizer, equipment, and fuel. Conservation tillage can dramatically reduce the number of passes over the field required to produce a crop. Specialized seeders are able to push back the residue from the previous crop, prepare a narrow strip of seedbed, plant the seeds, and apply both fertilizer and herbicides in a single pass. While herbicide inputs are necessarily higher and the cost of specialized equipment is high, total production costs are lower.

When a layer of decomposing organic material is kept on the majority of the soil surface, overall temperatures in the soil are reduced. Lower temperatures produce much slower rates of oxidation. The lack of continual mechanical disturbance keeps the soil peds (the basic units of soil structure) intact and reduces the mixing of atmospheric oxygen into the soil column. Conservation tillage also produces a shift in distribution of carbon throughout the soil profile, with a significantly higher concentration of carbon being found at the very top layers of the soil. This shift in the distribution of carbon through the soil profile produces measurable changes in rooting, nutrient cycling, and distribution of soil microbes. Cooler soils retain more organic carbon and act as a storehouse of organic carbon that prevents the release of a high percentage of carbon into the atmosphere. Organic matter is stored carbon that is not available to contribute to global warming.

Adoption of Conservation Tillage

Worldwide conservation tillage was estimated to exceed 247 million acres in 2008, increasing from 111 million acres in 1999. While conservation tillage is expanding globally, however, less than 7 percent of global agricultural lands is managed with conservation tillage. By far, the highest percentages of agricultural lands converted to conservation tillage (85 percent) are concentrated in North and South America. For a variety of reasons—economic, social, and climatic—farmers in Africa and Asia have been much slower to adopt conservation tillage.

Although a number of press releases have discussed the importance and widespread adoption of conservation tillage in Russia, the FAO analysis of Russia notes that “it was not possible to get realistic numbers.” While Derpsch and Freidrich cite anecdotal evidence of the importation of conservation tillage equipment and the issuance of press releases, they are limited to noting that there should be a considerable area under no-tillage practices in Russia. The uncertainty of actual adoption of conservation tillage in the agricultural soils of Russia is significant, but it should be possible to assess large-scale patterns and potential for conservation tillage.

A Case Study: Soil Carbon in Russian Agricultural Soils

According to the U.S. Department of Agriculture (1990), the cultivated area of Russia and associated states totaled 522 million acres in 1988. This huge area was almost twice the cultivated area of the United States (296 million acres) and more than four times the area of Canadian agricultural lands (114 million acres). Agricultural lands of Russia were located using a digitized version of the map produced by Cherdantsev. Various soil types within the larger agricultural region were established using the soil/vegetation association map of Ryabchikov.

Estimating the potential for conservation tillage to sequester carbon in agricultural soils first requires that the current carbon content of the soil be established. Kobak compiled a database of soil carbon parameters from 70 Soviet and international sources. Carbon profiles were estimated for each major soil association in Russia. Carbon contents were presumed to be representative of an initial or pre-cultivation condition.

Conversion of soil to agricultural production releases carbon to the atmosphere. The rate of carbon release is relatively high after initial cultivation, but decreases over time. The greatest rates of carbon storage occur in the first 20 years of cultivation. Mann used published data from 625 paired soil samples to develop a generalized regression equation that predicts the current carbon content as a function of initial (pre-cultivation) carbon content. He found that most soils lose at least 20 percent of their carbon content after cultivation. The loss of soil carbon strongly depends on the length of time under cultivation and the initial carbon content.

The current estimate of total carbon in the agricultural soils of Russia is 32.4 Gt. The most productive chernozem soils account for more than 60 percent of this total; chernozem soils are the black prairie soils of the grasslands of southern Russia and the Ukraine. On average, there has been a 24 percent reduction and a 10.2 Gt loss to the atmosphere since the onset of cultivation in these areas.

Over time, cultivated soils reach a new equilibrium at lower levels of organic carbon. The time required to reach equilibrium and the carbon content at this equilibrium point depend on the soil type, climatic conditions, and agricultural management practices. Long-term investigations at the Rothhamsted (England) Experiment Station indicate soil organic carbon has long-term stability. Jenkinson studied the soil carbon of unfertilized test plots that had been cultivated for more than 150 years and observed that soil carbon appears to reach equilibrium after approximately 45 years.

After eliminating agricultural soils in Russia considered too cold and wet for conservation tillage, the overall increase in soil carbon was estimated by Gaston and others to be slightly more than 10 percent of soil carbon equilibrium under conventional tillage practices (3.3 Gt). This point represents a new equilibrium condition for soil carbon. Establishment of this new equilibrium condition would be expected to take at least a decade. This is a single change, however—not an ongoing process. Once the new equilibrium is established, no additional sequestration of atmospheric carbon is expected.

Problems with Conservation Tillage

If conservation tillage has clear advantages in terms of soil erosion, long-term sustainability, and ability to prevent the addition of thousands of tons of carbon dioxide (greenhouse gas) to the atmosphere, why are only 7 percent of the world’s agricultural lands converted to this management practice? The answers are complex. Conservation tillage is different. Farmers whose very survival depends on the success of their agricultural methods are often very reluctant to make changes in “what works.” This is especially the case when the crop yields post-conversion could potentially decrease 5 to 10 percent in the first few years, according to Wagner. In many countries, technical agricultural education is not available or is very limited in its outreach. Conservation tillage requires significant technical and educational support. Lacking this support, very few farmers will be able to make the change on their own.

While on a large scale, tillage costs can be reduced, at smaller scales the costs of herbicide, fertilizer, and equipment far outweigh the benefits that accrue from conservation tillage. Herbicides must be applied in proper amounts and at critical times. There is very little room for error in selection and timely application of herbicides to control weeds. Conventional tillage buries weed seeds from the previous season. By comparison, not only are more weed seeds present in fields under conservation tillage, but debris on the surface also prevents mechanical removal of weeds. In a classic case of selection pressure, those few individual weeds that have a genetic resistance to specific herbicides are the ones that will survive and reproduce. Passing along this genetic characteristic produces weeds that are no longer subject to application of herbicides. The spread of resistant weeds has been noted in numerous scientific publications and even in The New York Times and USA Today. In addition to the cost of the chemicals, the need for very careful management regarding types and timing of application and the large-scale application of agricultural chemicals produce the risk of widespread contamination of watersheds and ecosystems. In a world where the sheer volume of food production could become slightly less important and the quality of food produced and the limitation of damage to the larger ecosystem are assuming increasing importance, complete control of weeds in agricultural systems by purely chemical means could become less attractive. In many parts of the world, herbicides are not readily available and information on their application is not widespread. In the absence of effective weed control by application of herbicides, conservation tillage is impossible.

Most agricultural equipment is built along traditional lines; conservation tillage requires a new approach to design and construction of tillage and planting equipment. Equipment that is able to push the residue out of the way, prepare an acceptable seedbed, place the seeds, and apply proper amounts of fertilizer and herbicide in a single pass is extremely challenging to engineer and manufacture. After several centuries, the moldboard plow and disc cultivator seem to be “mature technology” that do not pose a challenge to either manufacture or use. By comparison, most of the development of the technology required for conversion to no-till management is focused on very large-scale mechanized agriculture. Complexity in design and manufacture makes equipment for conservation tillage extremely expensive. As a consequence, adoption of conservation tillage often is inhibited by the cost and availability of equipment designed for conservation tillage. In Russia, where there are very few large private farms, the large collective farms are unlikely to be able to finance the required investment in equipment to convert their practices to conservation tillage. It is also highly unlikely that governments (the central Russian government or the governments of the individual republics or oblasts) will be willing to invest scarce resources in technology that, while increasing the long-term stability of agricultural production and preserving soil capital, produces very small increases in yield.

The culmination of herbicide reliance, the potential costs of conversion, and the small short-term benefits of no-till agriculture have led some farmers to believe that the practice poses an increased risk of failure. Many believe that the learning curve is too steep and fear that there is too much to lose if the practice is not successful, with little chance to gain directly from adoption of conservation tillage. In the United States, farmers who have converted to this practice have found themselves going back to the plow after fall harvesting and for weed control when herbicides do not seem to be working. Rattan Lal, the director of the Carbon Management and Sequestration Center at Ohio State University, and his colleagues agree that no-till agriculture is a positive force in conservation of soils, yet represents only a temporary solution to a permanent problem that will persist as long as soils are being heavily disturbed by agriculture.

The very mechanisms that help sequester carbon in agricultural soils through conservation tillage create limits on where this approach can be profitably applied. Soils that are considered marginal for cultivation because they are too cold or too wet are unsuitable for conservation tillage. In general terms, areas too cold, too wet, or with growing seasons that are too short are unsuitable for this practice.

The southernmost extremes of Russian agricultural lands are at equivalent latitudes to the northern Great Plains of the United States. Long cold winters and short warm summers characterize Russian agricultural lands. The extremely continental climate creates conditions in which cold soils are a significant limiting factor in agricultural production. In large areas, agricultural production is limited by short growing seasons and high soil moisture levels that restrict tillage operations in the early spring. In the northwestern parts of Russia, the intense winter cold is less important than the short span of the summers and the lateness of spring. It is reasonable to assume that areas where crop production is limited by low temperatures, high winter precipitation, and a short growing season will not be suitable for conservation tillage.

Suslov’s Physical Geography of Asiatic Russia provides a very enlightening profile of marginal agricultural lands on the plains west of Irktusk. He describes fallow plowing of the partially frozen soil as a strategy to increase the temperature of the soil sufficiently to allow for crop production. While the poetic description of frost crystals sparkling like “newly minted kopeks” in the black soil is very colorful, it also suggests very strongly that conservation tillage with colder soils, higher surface moisture, and the insulating blanket of organic debris left on the surface would be impossible in this area.

Gaston and his colleagues estimated that 14 percent of agricultural lands in Russia are unsuitable for conservation tillage. If the remaining 447 million acres were to be converted to conservation tillage at the percentages anticipated for the United States and Canada (i.e., 45 percent), an additional 3.3 Gt of carbon would be sequestered in the soil and removed from atmospheric circulation. In terms of cost per ton of carbon removed from atmospheric circulation, it is impossible to justify this conversion. Instead, other reasons must be paramount for the conversion to take place. Long-term sustainability and preservation of the productive soil resources, coupled with the economies of production that accrue to individual operators in North and South America, must be the driving force behind conversion to conservation tillage.
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Carrying Capacity

Bharath Ganesh-Babu

The ability of the environment to indefinitely maintain a maximum number of organisms within a geographic area is called its carrying capacity. Living organisms depend on a variety of environmental components, such as air, water, life-supporting temperature ranges, nutrients, and soils, among others, plus services, such as waste decomposition mechanisms, pollination, and groundwater recharge. The renewal of these resources and services is time dependent; in other words, when used, these resources require time to regenerate to the original extent. If too many organisms exist within an environment, the resources and services may be used at a faster rate than they can be renewed. As a result, the supply becomes limited and the resources are less available to all individuals, leading to the demise of some. For this reason, carrying capacity can be viewed as the maximum number of living organisms that can be maintained indefinitely by the environmental components and services in a given geographic area without depleting the ability of those resources and services to be regenerated.

Measuring Carrying Capacity

The term “carrying capacity” was originally used in the 1800s in the context of payload carried by ships and other conveyances. It was then adopted to describe the limits of load-carrying animals, capacity of bipedal humans to carry things, the amount of pollen carried by bees, and even the amount of moisture carried by wind. It was essentially measured as the capacity of Y to carry X. The first time the term was used to describe environmental capability to support living organisms was in the context of increasing rabbit populations in New Zealand and their destruction of sheep pastures. It was then employed in terms of range productivity for the number of sheep that could be raised in Australian grazing lands if rabbit populations were reduced and at a given amount of rainfall. This term was later adopted by American ranchers and then was used for game management by the U.S. Forest Service.

Limits of Carrying Capacity

American naturalist Aldo Leopold’s observations on animal population saturation and the limiting role of environmental factors in the decline of deer herds played a key role in wildlife managers taking up habitat manipulation, such as flooding, cropping and burning, predator control, and animal relocation, among other methods still practiced today. Initially, the limit of carrying capacity was impossible to enumerate because it could not be experimentally tested and replicated. In the 1950s, American ecologist Eugene Odum demonstrated that populations increased in a sigmoid (S-shaped) fashion and that there was a definite upper limit to growth. He observed this phenomenon when populations of fruit flies and flour beetles were tested under a constant laboratory environment. Odum called the maximum per-capita rate at which populations can grow the “intrinsic rate of natural increase” of organisms, which is attained when “environmental resistance” is absent. Environmental resistance is essentially the limits imposed by environmental factors on animal abundance. Odum’s model, which could be modified to fit specific sites and species of interest, indicated that populations rose and fell around a fixed point. However, it was found difficult to use this model on many populations because the upper limit seemed to change periodically. Not being able to quantify the respective effects of the environmental and population factors was a problem. It is clear that while the intrinsic growth rate of populations may still be S-shaped, carrying capacity itself fluctuates for reasons that are not understood. Therefore, this upper limit could not be modeled at large scales and under variable factors.

Carrying capacity calculations are especially tricky when human populations are considered, because it is not known whether technology and adaptations can enable humans to raise the carrying capacity or whether human populations are susceptible to environmental resistance. The concept of carrying capacity must be addressed with caution because the upper limit that the concept claims to identify and model is dynamic, unpredictable, and uncontrollable. Notwithstanding the drawbacks of this concept, it has been used as a tool to explain the relationship between environmental allowances and living populations, especially in the contemporary politics of human–environment interaction. It is, therefore, worthy of consideration.

Although population growth is represented as an S-shaped curve that stops growing when it reaches carrying capacity, populations rarely remain stable. Instead, populations often overshoot this mark and then decline below the carrying capacity. This process is repeated through time, producing a fluctuating pattern. The fluctuation exists because of a negative feedback loop. A feedback loop includes the linkages between different parts of a system, with the effects of changes that occur in one part of a system being transmitted to another part through these linkages. For example, the number of deer in a given area affects the amount of grass that is eaten by the animals. The carrying capacity in that given area might be 50 deer. If 30 deer are present, there is plenty of food supply available for them, which allows their population to grow. As the deer numbers reach 50, growth does not abruptly stop, but rather overshoots the carrying capacity. When competition for grass increases, grass does not have enough time to regenerate. The decline in availability of grass induces increased competition and the eventual decline of the deer population. The negative response of grass to overgrazing can be seen as a negative feedback loop. The declining deer population does not stop when it reaches carrying capacity, but instead continues to decline until the grass has time to regenerate to support more deer. With the new availability of grass, deer populations start to grow, and the cycle is repeated. The magnitude and regularity of such fluctuations around carrying capacity depend on the environmental factors, the size of populations, the scale of the system, the time needed for regeneration, and unpredictable extraneous factors.

Enumerating the Carrying Capacity for Humans

The geographic limit of the human population encompasses virtually the entire planet. It is difficult to understand—let alone quantify—all of the large- and small-scale environmental factors on Earth; moreover, it is difficult to assess the multitude of complex interactions that humans have with the environment. Further, unlike deer, humans use environmental goods and services not just to feed themselves, but for activities that are beyond biological survival alone. For example, humans not only use water for drinking or washing (activities that are essential for survival), but also use water to make alcohol and paint or in amusement parks, the primary reason for which is enjoyment. Despite the complexities inherent in this process, several attempts at enumerating the carrying capacity for humans have been made.

Thomas Malthus, an 18th-century British scholar and economist, was perhaps the most influential in his argument that the human population grows exponentially, while expansion of food production follows a linear path. At some point, according to this theory, the human population will exceed the amount of available food, resulting in famine and a subsequent decline in numbers. Malthus applied his theory to the English population and predicted that it was growing beyond its means to produce enough grain to feed the people. However, the English population did not decline for various reasons, highlighting the fact that carrying capacity for human populations cannot be measured based in simple relationships.

Human beings also behave differently under various economic situations. Evidence shows that, rather than increase, the human population actually decreases when mortality rates decrease due to factors such as political stability, economic security, social equality, and better nutrition and health care. Some couples decide to have fewer children for various reasons, including the following: (1) There is lack of fear of losing their children before they reach adulthood; (2) with better economic opportunities for adults, income earned by children is less important for the family’s well-being, thus making them a financial liability rather than an asset; and (3) the status of women in society and in the household gives them the freedom to choose when to have children. Additionally, as women seek economic opportunities outside the home, having fewer children has practical advantages. The effect of such negative feedback loops on declining populations is evident in many economically advanced countries in the world today, including Germany, France, and the United States.

Further, humans are not limited by their local environments and, therefore, are able to increase the carrying capacity of their population. Until approximately 10,000 years ago, the amount of nourishment available to humans was determined by the ability of the local environments to produce edible food. As a result, the carrying capacity of humans was perhaps not very different from that of deer. However, unlike deer, which do not actively encourage the growth of grass to keep their population alive, humans began modifying the environment to increase the goods and services available to them. As humans started replacing forest and grasslands with simple agroecosystems, they were able to increase the carrying capacity 10 to 50 times over. Humans also can make use of goods and services available in the neighboring environments by moving them over long distances. For example, modern urban areas produce immense amounts of sewage that are routed to distant aquatic environments, where the sewage is diluted and detoxified. The area required to perform this environmental service is many times larger than the environments in which the waste was generated.

Resource Optimists and Resource Pessimists

Although humans have been able to increase the carrying capacity, their propensity for excessive consumption of resources and services for nonessential purposes defies reason. To recall the definition of carrying capacity, it is the ability of the environment to indefinitely maintain a maximum number of individuals within a geographic area. The key word here is “indefinitely.” Researchers warn that the world’s current rate of consumption of resources is unsustainable. The concept of sustainability stresses the importance of resource use without compromising the ability of future generations to use them. At the present rate, it is expected that the human population will overshoot the world’s carrying capacity within the next few generations.

Whether humans will change their behavior toward sustainable use of environmental resources and services seems to depend on one’s point of view. One view argues that humans are different from other species in that they have the ability to modify their environment, whereas the counterposition suggests that humans are no different from other species and are destined for collapse sometime in the near future. These contrasting viewpoints are labeled as “resource optimists” and “resource pessimists,” respectively.

While acknowledging that biological carrying capacity cannot be directly applied to humans, resource pessimists nevertheless argue that a Malthusian collapse at a global scale is impending. They support their argument by pointing out the following facts: (1) The global mining-based energy supplies are declining and cannot be replenished for tens of thousands of years; (2) against previous expectations that the oceans will provide an unending supply of food, the total number of fish caught is declining each year; (3) the human-induced increase in atmospheric carbon dioxide has affected our favorable climatic systems adversely, and even if all emissions were stopped abruptly, it will be hundreds of years before its effects wear off; and (4) environmental modification by humans has driven thousands of plants and animals to extinction, and the resultant loss of biodiversity is irreversible.

Resource optimists acknowledge that environmental problems exist, but they do not consider them severe enough to warrant becoming alarmed. They also accept that populations grow exponentially, but they deny that environmental resources and services grow linearly. They base their argument on the innovative nature of humans and the rapid growth of technology. When pushed to the brink, inaccessible environmental goods and services can be harnessed using improved technology, and pollution can be curtailed by increasing efficiency. These optimists base their argument on achievements such as the following: (1) reduction of the ozone hole by identifying and curbing the use of chlorofluorocarbons (CFCs); (2) when oil prices rose in the 1970s, consumer behavior modification shifted toward energy conservation, and profit motive drove oil companies to invent better technologies to drill for oil in previously inaccessible areas; (3) breakthroughs in genetics have allowed for the engineering and advantageous modification of food crops, and it is likely that loss of biodiversity can be partly reversed; and (4) innovation in battery technology is beginning to revolutionize the automobile industry for the production of electric vehicles.

Stretching Environmental Resources

Debates aside, the laws of conservation of energy and matter dictate that all materials that come from the environment have to go back into the environment. The fact remains that while humans can stretch environmental resources, they are completely dependent on the environment for their survival. The idea of modifying human behavior and innovation in response to emerging resource limitations is relevant. However, considering that populations fluctuate around a carrying capacity and that there is a lag time before actual collapse occurs, it is more critical to focus on anticipatory and proactive approaches.
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Cereal Foods

William A. Dando

Cereals are grasses cultivated for their starchy seeds, which are used for human food and feed for livestock. Wheat, rice, corn, rye, oats, barley, sorghum, and millet are the most important human food cereals. Cereals were the first food plant to be domesticated and replanted on a large scale. Grain storage structures have been found in the archaeological excavations of almost every major civilization. Wheat, rice, and rye are grown primarily for human food, whereas most of the corn, oats, sorghum, and millet sown is intended for cattle and poultry feed, plus human consumption. Cereals are high-quality, inexpensive foods that can be stored for long periods of time, handled as a bulk product, and shipped at low costs. Large quantities of cereals are exported from countries with cereal surpluses to areas where there is a demand for cereal.

Important Cereals

Rice has been an important wetland cereal crop for more than 5,000 years. In 2010, approximately 701 million tons was harvested in the world (of this figure, 440 million tons milled basis). Rice is the food staple for those who live in the humid tropics and subtropics. It requires warm temperatures and large quantities of water for growth. Paddy rice grows in 4 to 8 inches of water. Approximately 95 percent of the rice grown in the world is in South and East Asia. The major food crop for more than 50 percent of the world’s inhabitants, rice is an intensively irrigated field crop, producing high yields per acre but requiring much hand labor in the planting and harvesting period. Its overall food value is very high.

Wheat has been a primary food crop for more than 6,000 years, and the varieties now grown are a mixture of at least three wild species. Hybrid wheat is sown in a wide range of climate conditions in more than 60 countries of the world. This dryland grass grows best under mild stress in areas of low rainfall (13 to 35 inches) characterized by cool, dry seasons. Spring wheat is grown in semi-arid regions, whereas winter wheat is grown in the drier margins of humid agroclimatic regions. In very dry agroclimatic regions, fields lay unplanted (fallow) for one year, and the moisture accumulated in that year helps support a spring wheat crop the next year. Drought is a persistent problem in the wheat-growing areas of the world, and a shortage of water limits yields. Excessive rainfall and high winds cause wheat plants to fall to the ground (lodge), delay wheat ripening, and interfere with harvesting. High humidity and excessive rain lead to the spread of wheat plant diseases that reduce yields. Wheat is an extensive dryland field crop with low yields per acre, and it is harvested by mechanized farm implements. More than 679 million tons of wheat was harvested in the world in 2010. The overall food value of wheat is very high.

Corn originated in the New World, requires a great amount of moisture and much heat in its life cycle, must be cultivated and tended, and is vulnerable to many corn diseases and insects. This high-value food crop was brought from the New World to Europe by Spanish explorers and then spread throughout the world by European merchants, settlers, and colonial administrators. Corn has been a food source for humans for at least 2,000 years. It is a food plant that can be grown in almost all warm and humid agroclimatic regions and at elevations ranging from sea-level fields to those sown above 10,000 feet. Corn offers the highest yield per acre of any grain crop now sown.

Rye is a hardy food grain related genetically to wheat and barley. It is believed to have come from a wild grass strain that grew as a weed in wheat and barley fields. Cultivated first as a food crop in Central Asia, rye was not a source of food in ancient Egypt or Greece. A very hardy plant, it is sown in areas with poor soils and in areas with cool summers and severe winters. It is the main food grain in many parts of northern Europe and cooler agroclimatic regions of Asia. Most rye is sown in the fall, remains dormant in the winter, grows to maturity in the spring, and is harvested in late spring and early summer. One of the less important human food crops, it is sown generally in areas where agroclimatic conditions are unfavorable for wheat, rice, or corn. Disease losses in rye are less than occur with other cereal food grains.

Oats is a cereal crop largely used as feed for livestock, although some is used for food by humans. Wild oats was a field grass in many different areas of western Europe. Their seeds were believed to have been distributed to other parts of the world as a weed mixed with barley seed. This cool, temperate agroclimatic crop is grown in a wide range of environmental conditions, particularly in northwestern Europe, northern United States, and southern Canada. In the United States, spring oats are sown in the Great Plains states and winter oats are sown in southern states. This cereal is planted in all months of the year in various regions of the world. Oats is less demanding in terms of soil nutrients than either wheat or barley and grows well in soils of minimum fertility and of high acidity. In the United States, approximately 90 percent of the oats harvested is used for animal feed.

Barley is one of the six most important cereal foods cultivated for human consumption. It is believed that barley was the first domesticated food grain; it has been found in archaeological sites dating earlier than 5000 BCE. Barley was an important food to Stone Age Swiss lake dwellers and a basic food to Egyptians, Hebrews, Greeks, and Romans. For centuries, it was the chief source of bread flour in western Europe. Barley, which is believed to have been domesticated in the Middle East, can be grown, in its many forms, in a great variety of agroclimates, including subtropical, temperate, and subarctic. Its growing season is short: for some varieties, 90 days, and in areas of extended summer sunlight, 60 to 70 days. In marginal agricultural regions, yields are small. Barley is typically harvested in the late spring or early summer. Insect pests, parasitic fungi, mildew, rusts, and blights damage barley plants and reduce yields. More than 150 varieties of barley are grown, and more than 60 percent of the world’s barley crop is used for animal feed.

Sorghum is believed to have been domesticated in Africa. This cereal, which is grown for grain, is also known as milo, kafir corn, millet, Egyptian corn, jowar, jonna, Guinea corn, and koalang. It is a strong, tall grass that grows to a height of 8 to 16 feet in some parts of the world. Many varieties of sorghum are grown; some are used for cereal and others for forage or syrup. Sorghum is the principal cereal grain in Africa. It is a plant found in warm to hot agroclimatic regions with meager rainfall, and is very resistant to drought and heat. Sorghum’s food content is similar to corn, but it is higher in protein and fat. In hot, dry agroclimatic regions, sorghum is substituted for corn as an animal feed grain.

Millet is a small seed grass first domesticated for human food in the dry and hot regions of Africa and Central Asia. Millet has many names: proso in Russia, Manchuria, and China; pearl or bajri in India; millet in Japan; and finger and little millet in North America. A millet plant normally grows from 4 feet to more than 10 feet tall. Pearl millet, a staple food crop in India and Africa, grows well in soils of minimum fertility and in areas of low moisture. Proso millet ripens in 60 to 80 days. It is used as poultry feed and birdseed in the United States and as a food grain in Asia and eastern Europe. Millet is sown in the late spring or early summer; young plants require very warm weather to flourish. Grain is harvested in the same ways as wheat and barley in the United States and as rice is in south Asia.

Nutritional Values

Wheat, rice, barley, rye, corn, oats, sorghum, and millet are similar in terms of their food value in the diet. They are deficient in calcium and, except for yellow corn, vitamin A. When these cereals are supplemented with calcium, vitamins, and minerals, they become more nutritionally complete. Cereals are the most important food crops in the world, while bread grains and potatoes are the least expensive basic foods. Consumer prices for cereal products are low compared to the cost of meat, milk, eggs, fruits, and vegetables. Prior to the modern Agricultural Revolution, which was marked by the invention and worldwide distribution of modern farm machinery and certified or hybrid seeds, there was a chronic scarcity of food in many parts of the world. Over time, however, wheat, rice, and corn production increased with the improvement of varieties, agrotechniques, herbicides, and fertilizers. More widely available grain and modern transportation networks have since reduced the potential for famines, though not the risk for hunger.

Wheat and rice are the two most important food cereal crops grown in the world. Wheat was the primary famine relief food in the 20th century. In 2007, climatic variations reduced the world’s wheat harvest somewhat, but 612 million tons of wheat was reported to be harvested. This dryland, non-irrigated, extensively grown crop offers yields that vary annually, with drought being a constant threat to wheat’s production. Wheat’s significance can be observed by noting that, in most years, the five most significant agricultural imports worldwide are wheat, wine, soybeans, corn, and cheese. Although a great deal of rice is harvested in the world, a major portion of this crop is consumed in the countries where it is produced. The United States is the world’s largest wheat exporter, whereas Thailand is the world’s largest rice exporter. Wheat must be milled into flour for the creation of white bread. In this process, much of the most nutritious part of the wheat kernel is removed and processed into animal feed. Wheat flour is milled to satisfy the consumer’s demand for white bread and to increase the shelf life of bread. It is enriched by adding nonfat milk solids, vitamin B, niacin, iron, and riboflavin.


American Farmers: Feeding the Hungry Quality Foods at a Modest Cost

William A. Dando

Agriculture in the United States is an amazing success story. In 1940, one farmer fed 19 people; in 1960, 45; in 1980, 115; and in 2000, 130. In 2011, one farmer produces enough foodstuffs to feed 155 people. Today’s farmers have achieved this gain with less land planted, less tillage, less herbicides, and less pesticides than in 2000.

Hard work, knowledge of the land, equipment, and seed or plant selection have enabled American agriculturalists to remain some of the most productive food producers in the world. They have responded to the changing dietary expectations in the world and to the new uses of grain in industry. Notably, the world demands for corn and spring wheat have led to increases in acres sown, yield, and production of these crops. Drought and inclement weather, however, did have some impact.In 2009, for example, 79.6 million acres of corn was harvested; in 2010, this acreage increased to 81.3 million. The average corn yield in 2009 was 165 bushels per acre, but dropped to 155.8 bushels in 2010. Total U.S. corn production in 2009 was 13 billion bushels, but decreased to 12.7 billion bushels in 2010. In 2009, U.S. spring wheat was harvested on 1.6 million acres; the same acreage was devoted to this crop in 2010. Average spring wheat yields in 2009 were 53 bushels per acre; by comparison, in 2010, they increased to 55 bushels per acre. Total U.S. spring wheat production in 2009 was 82.2 billion bushels; in 2010, it rose to 85.3 billion bushels. Farm incomes increased as production costs were reduced by purchasing fewer inputs made from fossil fuels and by maintaining high levels of production.



Corn, corn meal, and corn grits are major components of the traditional diets of those persons who live in the American South, Mexico, Italy, Romania, and parts of Africa. Corn is low in niacin; thus, where corn products are the primary food, a niacin deficiency disease, pellagra, is common (see the “Deficiency Diseases” entry). Also, the milling and processing of corn produces a product for human consumption that is deplete of other essential nutrients. The rye grains used for bread are milled, using a different method and whole-meal flour is the basis for rye bread. Barley, when used in baking, is not milled; the end product is composed of whole barley. Oats, which is primarily an animal feed, must be dehulled, steamed, and rolled to make oat flour or oat meal for human consumption. Rolled oats and oatmeal are, in essence, the whole oat seeds.

Rice, which serves as the basic food for more than 3 billion inhabitants of the world, is grown in very humid tropical and subtropical agroclimates on swampy level land. Rice for human consumption is polished to improve its shelf-life and storage qualities, or cooked as whole rice because of its flavor. Dietary characteristics of polished rice resemble those of milled white wheat flour. Undermilled and steamed rice retain some of the vitamins and minerals lost through polishing, particularly thiamine. Thiamine deficiency affects the central nervous system and creates a debilitating disease called beriberi (see the “Deficiency Diseases” entry). Beriberi is widely seen in South and East Asia, where polished rice represents the principal food in residents’ diets.

Global Cereal Supplies and Demand: A Sample Report for 2010

World cereal production varies greatly from year to year. Whereas industrialists can control their mill and plant environments because they are enclosed, agriculturalists cannot control their field or paddy environments and must depend on natural conditions for plant growth, development, and harvesting. National and international food planners and concerned not-for-profit agencies review the publications of the United Nations and private sources to determine the global cereal supply and estimated demand on an annual basis. The 2009 world cereal production was better than expected and slightly lower than the record 2008 production. The combination of a good world crop prospect and high carryover stocks of cereals from 2008 lessened concerns for spot shortages. World cereal inventories in 2010 reached an 8-year high—an important factor in global food security. After a period of market uncertainty and reduced consumer demands, the world cereal market has returned to a more normal situation. The one exception to this stable pattern is rice. International prices for rice have declined 30 percent below those for the corresponding period in the previous year. This decline in prices paid for rice, bigger harvests, and a sharp contraction in world cereal trade are lowering the global cost of imported cereals. The overall cereal import prices declined more than 10 percent in 2010.

Global production of wheat in 2010 was down slightly from previous forecasts. Wheat production in Asia was projected to significantly increase (6 percent or more) in 2010, and North African harvests were forecast to be better than expected and double 2009’s production. The U.S. wheat harvest was expected to drop about 10 to 11 percent; Russian and Ukrainian wheat harvests were better than expected; South America’s wheat harvests were expected to produce slightly less wheat than 2009, largely a consequence of drought in Argentina; and prospects for the wheat harvest in Australia remained favorable.

Table 12. World Cereal Stocks (in million tons)



	 

	2005

	2006

	2007

	2008

	2009 (estimate)

	2010 (forecast)




	Wheat

	519

	519

	475

	470

	555

	560




	Rice (milled)

	110

	116

	114

	121

	136

	133





Source: FAO Prospects and Food Situation Preview. Rome: Food and Agriculture Organization of the United Nations, November 2009, No. 4.

In 2010, global rice production declined considerably, following weather anomalies and natural disasters in the rice-producing regions of Asia. Rice production forecasts for 2010 reported a slight reduction (possibly 2 percent) of the record 2008 rice harvest (see Table 12). The countries most affected by adverse weather conditions included India (excessive rain, then floods), Taiwan, Japan, Nepal, Pakistan, and the Philippines (earthquakes, cyclones, landslides, and flooding). In Africa, Egypt was anticipated to harvest a smaller rice crop due to the government’s decision to reduce rice planting as a water-saving measure. Substantial harvest gains were projected for other rice-growing African countries. Rice production in South America and Europe was favorable, and production was expected to increase. Drought continued to reduce rice production in Australia.

Cereals as Comfort Foods

The basic ingredients for the world’s comfort foods are derived from wheat, rice, corn, oats, barley, and rye. Wheat is the most important food grain of the inhabitants of the world’s middle latitudes and dry, subtropical regions. It is the best bread-making grain, and for thousands of years, it has been the staple crop on which not only have the lives of individuals, but often the stability of nations depended.

The world production of rice exceeds corn production, and rice vies annually with wheat as the world’s cereal production leader. Rice is the major food of those who live in South Asia and the Middle East. In these regions, rice is what white bread is to Europeans: It is the most desirable food. Although corn was not known to Old World agriculturalists until the discovery of the Americas, it is now one of the world’s most widely produced cereals. Corn is grown in every country of the New World, from Canada to Argentina. It has become an important crop in Eurasia, from Portugal to China, and it is planted in Africa, from Egypt to the Cape of Good Hope. Numerous prepared foods are made from corn; it is an excellent animal food; and it is an important industrial crop.

Oats constitutes one of the largest world grain crops; it is used widely as a food for humans as well as a feed for animals. A hardy plant, it is a typical grain of the world’s intermediate climates. The three chief centers of oats production are (1) northern United States and southern Canada, (2) northwestern Europe, and (3) central and eastern Russia.

Barley, which rates high in food value, is used for soups, porridge, and special breads. This cereal is used extensively for making malt, with the malt in turn being used in the manufacture of beer, ale, and whiskey. The principal use of barley is feed for domestic animals.

Rye as a bread grain is less satisfactory than wheat, and the bread produced from whole rye flour is dark brown with a crispy crust. Whole rye bread frequently is referred to as “black bread.” It is a major food in Russia, Poland, Germany, and Slovakia. Rye’s importance as a food crop has declined, whereas its role as an animal feed crop has expanded. Cereals from grasses that produce grain for food provided the basic food for most of humankind in the 20th century and will continue to do so in the 21st century.
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Climate Change and World Food Production

John J. Hidore

Climate consists of all the different kinds of weather that occur at a place over time. It is made up of hot and cold weather, rainy and dry weather, and the extreme weather events that characterize the region. Climate can be defined for places of very different geographic size, ranging from a small town to the entire planet. Climate is much more stable than weather, but the weather systems that make up the climate of a region can change over time. For example, a region can grow warmer or colder over time, or wetter or dryer. In the United States, the climate of a place is described by the weather over a 30-year period. Thus climate change is considered to be a departure in weather that is different from the past decades. Climate change can occur over a period of years, decades, centuries, or even millions of years. It also can take place in a small area, such as part of a country, part of a continent, or over the entire planet.

Aspects of a Changing Climate

The fundamental basis of food production is agriculture. Because agriculture is based primarily on temperature and precipitation, changes in climate result in changes in food production. Many aspects of a changing climate can influence food production on the land masses:

• Atmospheric temperature

• Insect infestations

• CO2 levels of the atmosphere

• Floods

• Glacial melting

• Droughts

• Rising sea level

• Plant diseases

• Times of first and last frosts

• Changes in stream flow

Somewhere between 10,000 BCE and 7,000 BCE, a new technology developed that marked one of the major transitions in the history of human life. Within this 3,000-year span, the deliberate planting and cultivation of food crops and the domestication of animals began. This phase was the beginning of what became known as the Agricultural Revolution. A form of gardening probably was practiced initially that eventually developed into true agriculture. Groups also must have settled on a seasonal basis to plant and harvest their gardens and then moved over their hunting territory at other seasons.

The Agricultural Revolution increased food availability and, in turn, the more stable food supply stimulated an increase in population. The human species was now free from many of the factors that had limited population growth and the human life span during the previous 3 million years. A self-propelling process began that has continued to the present day: The production of more food resulted in increased population, and increased population demanded more food.

Early agriculture was not just one agricultural system or approach. Rather, it took many different forms, generally involving some form of dryland crop cultivation, slash and burn, or herding. The crops grown varied from place to place, as did the animals that were raised.

In the early agricultural societies, surpluses were largely the result of improvements in plant and animal selection and breeding. Technology, such as fallowing, the use of natural fertilizers, and irrigation, increased food production. The Industrial Revolution resulted in more efficient crop production through mechanization and the creation of chemical fertilizers and pesticides. The Green Revolution, which greatly increased agricultural production, was based on manufactured chemicals and the application of large quantities of water.

Crop production in the United States has increased tremendously since World War II. Almost all of this gain in agricultural productivity has resulted from increased yields per acre, largely obtained through the use of chemical fertilizers and pesticides. In the United States, so many chemicals are now being used that the production of food has been transformed into an energy sink. In other words, more energy is being used to produce each ton of food than is obtained from that food. In essence, agriculture in the United States is a losing proposition in real terms of energy.

The planetary climate has changed continually through time. Sometimes it changed quite rapidly; at other times it has evolved very slowly. Since agriculture began, it has been subject to climate change. On the positive side, the very growth of the human population has paralleled a warming of the planet. Global warming opened new agricultural areas and improved the climate for agriculture over much of the mid-latitudes.

Climate Change

Climate change has been an element in the development of the biosphere as a whole and certainly a factor in agricultural success throughout history. By 11,700 years ago, only scattered areas of ice sheets remained in western North America. These ice sheets left behind large areas of glacial material that provided the basis for the development of very good soils, including some of the most productive soils on the planet today. Changes in climate that adversely affected agriculture then resulted in major setbacks for agriculture, at least regionally, if not for the majority of the planet. At about this time, the climate became colder. The remaining glaciers began to expand and some smaller glaciers developed again. This cold period, which lasted nearly 800 years and affected the region around the North Atlantic Ocean, was not a global event, however. Ultimately, it ended as fast as it began. In the space of some 50 years, temperatures on southern Greenland warmed as much as 12°F.

The island of Greenland provides an example of how climate change can affect crop production. The Vikings settled Greenland in the 9th century. The climate was certainly cold, but it was warm enough to support vegetation. The settlers were able to raise cattle, sheep, some grain, and a few vegetables. After some 300 years, the climate turned cold again and the settlements vanished. Since then, the climate has changed direction once again. Greenland is now warming nearly twice as fast as the global average. While it is by no means a tropical oasis, in recent decades sheep have been reintroduced into southern Greenland and hay crops and some vegetables can be grown.

A cold period known as the Little Ice Age affected the colonies in the Americas up until the 19th century. The year 1816 became known as the year without a summer. New England suffered from frosts in every month, even during the summer months. In Indiana, snow fell in May and June. Parts of the state had snow or sleet on 17 days in May. As a consequence of the enduring cold, very few crops were harvested north of the Ohio and Potomac rivers.

Without a doubt, climate is now changing and will continue to change in the future. The planet’s climate is warming at a significant rate, and nothing is likely to slow this warming trend during the current century. If this is the case, then it should be apparent that it will be impossible to return the planet to the temperature it was in 1900 anytime in the near future. It is imperative that international leaders and decision makers recognize that current changes in climate are affecting agricultural production and will have a considerable impact on food production in the coming decades. It will be necessary to take into account climate change, both in the long-term and in the short-term, in the form of slowly changing temperatures and their ramifications and to examine the impact of the shorter-term changes that most frequently affect some sections of the planet but not the entire planet. The effects on food production will vary greatly, depending on the degree of the climate change, the geographical extent of the change, and the duration of the change.


Health and Climate Change

William A. Dando

Global climate change is one of the most life-impacting of the many changes occurring in the world today. It reflects the increasing human domination of the Earth’s physical environment, and it is a factor in the unprecedented expansion of population and human economic activities. Climate change has major consequences for the sustainability of ecological systems, for food production, and for human population health. Climate change in the past triggered disasters, affecting peoples and populations throughout the world. It caused crop losses and starvation, infectious famine diseases, social collapse, and even the disappearance of whole populations. Examples of the last effect include the mysterious demise of the Mayans in the Yucatan, the inhabitants of Mesa Verde in the American Southwest, and the Viking settlements in Greenland. Progressive deterioration of the climate led to a decline in food production, hunger, famine, and the loss of those who lived there.

Throughout pre-industrial Europe, food supplies were marginal, as the mass of people survived on monotonous diets of vegetables, grain gruel, and bread. When climate fluctuated in Europe during medieval times, widespread crop failures, food price increases, hunger, disease, and death followed on the heels of these changes. Animal diseases also proliferated; in 1315–1317, more than half of the sheep and cattle in Europe died.

At times, in the modern period, climate variations have caused regional food shortages, malnutrition, weakened individuals, susceptibility to infectious diseases, and low life expectancy. Various modeling studies estimate a slight downturn in food production in the latter half of the 21st century.



Factors in Climate Change

The biggest factor in climate change is the rapid rise in global temperatures. Conservative estimates by the International Panel on Climate Change (IPCC) in its 2007 report projected an increase in global temperatures of 4°F to 6°F by the year 2100. Nearly every forecast of global temperature increases issued in recent decades has been an underestimate of what has actually occurred. Since the 2007 IPCC report was issued, new estimates have moved the range of temperature increase upward to as much as 14°F by 2100. Any increase in temperature will affect life on the planet, including agricultural production.

Because most plants evolved during cooler conditions associated with the ice ages, many plants are now growing near the upper limit of their optimal range. Crop yields start to decline when temperatures reach or exceed the optimal temperature range. This is the case in the tropics as well as mid-latitudes. The biological regions of today, such as the Great Plains and forests, originated in an environment that was cooler than today. If the planet warms very much, it will result in major changes in the regional systems. For example, many species of plants that are found in the tropical rainforests are already growing in a climate that is near their upper limit for growth. The warmer conditions are now reducing marginal grasslands to desert conditions due to greater evaporation and transpiration.

The transformation of ecosystems would, in all likelihood, result in massive human migrations with all of their resultant political and economic problems. The possibility of such changes occurring with further warming is very real. Depending on how rapidly warming occurs, the problems may set in sooner than currently anticipated. There will be a loss of much of today’s plants and animals as well. It is possible that in the 21st century, warming will result in the extinction of many plants and animals. Changes in species structure may become great enough to make some ecosystems nonfunctional.

Carbon dioxide is a growth stimulant to green plants. Plants grow bigger and faster, contain more vitamin C and sugar, and are more disease resistant when grown in atmospheres with high concentrations of CO2. However, recent studies indicate that this is a limited process in the real world. The net effect of warming temperatures will be to decrease agricultural production.

Rising temperatures also will result in more water-related stress for agriculture. Agriculture is now the largest user of water on a global basis. Crop production consumes some 70 percent of freshwater supplies on a global basis and approximately 80 percent in developing countries. Evaporation rates will increase as the climate warms, such that inevitably less of the world’s fresh water will be available for irrigation. More than one-third of the global human population now lives in water-stressed regions; the percentage of the population living with water-related stress may increase to one-half by 2100.

Glacial ice represents the largest store of fresh water on the planet. This ice comprises a store of fresh water that has accumulated over the ages. Mountain glaciers alternately store and release water with the change of seasons. These actions tend to even out the flow of water throughout the year in the rivers carrying the melt water. At present, mountain glaciers are losing ice at a rapid rate. Over the Asian plateau, an estimated 6 percent of the ice has melted in recent decades. In some parts of the plateau, melting has reduced the ice pack by one-third. This melting often produces floods in the early summer months, followed by drought later in the summer. The loss of glacial ice in mountain regions around the world is already having a negative effect on the inhabitants of people living downstream at lower elevations, and these conditions will only increase in severity in the future.

In Asia, the ice melt at either end of the monsoon season lengthens the seasonal flow of water for irrigation. Seven of the major rivers in Asia have their source in the Himalayas, and most of the glaciers providing the water are melting rapidly. Nearly one-third of the global population relies on these rivers for their water supply. Melt water is often utilized downstream for irrigation of crops. Declining summer runoff is already affecting villages in China, India, Pakistan, Vietnam, Bhutan, and Nepal, which in turn is changing these countries’ agricultural economies. One of the Himalaya glaciers, Gangotri, supplies 70 percent of the water in the Ganges River during the dry season. The Ganges, along with other glacier-fed streams, could dry up at times if the glaciers melt substantially. Certainly, with a shorter runoff season, the system of agriculture utilizing double cropping will break down, greatly reducing agricultural production. Once the ice is gone, the rivers will contain only the runoff from seasonal rain and snow; thus much less water will be available than is now in the streams.

In Africa, there are currently feuds over declining irrigation water supplies around the base of Mt. Kenya and Mt. Kilimanjaro. Some oases in China’s western desert regions may dry up, as glacial melt water ceases to flow to feed the groundwater. The long-term result will be a huge drop in crop production associated with these glacier-fed rivers.

Major shifts in the general circulation of the atmosphere will occur as the Earth warms, along with changes in the length of the growing season in the mid-latitudes. In parts of North America and Europe, for example, the time of spring “green-up” came 5 to 6 days earlier in the last half of the 20th century. Changes in precipitation patterns will take place as well. The net effect of these changes on food production in North America cannot be predicted, though it appears certain that some changes will be offsetting, some will increase food production, and some will decrease it.

The combined effects of climate change and increased CO2 levels may increase yields in some areas. For example, northern areas or areas where rainfall is abundant will experience warmer temperatures and a longer growing season—and hence increased production. Arable acreage in the northern Great Lakes states, the northern Great Plains, and the Pacific Northwest may increase. Improvements in crop yields might potentially offset some negative effects of climatic change in other areas. In many regions, the demand for irrigation is likely to increase as a result of higher prices for agricultural commodities. Farmers also may switch to more heat- and drought-resistant crop varieties, plant two crops during a growing season, and plant and harvest earlier. Whether these adjustments would balance the negative effects of climate change depends on the severity of the climate change.

An increased length of growing season may be offset by lower rainfall. In most regions of the United States, climate change alone could reduce dryland yields of corn, wheat, and soybeans. Losses from part of the country may range as high as 80 percent. These decreases would be primarily the result of higher temperatures, which will increase heat and water stress in crops. In southern areas where heat stress is already a problem, yields will drop even further. In areas where rainfall decreases, crop yields may decline. In response to the shift in relative yields, grain crop acreage in Appalachia, the Southeast, and the southern Great Plains may decrease.

Rising Sea Levels and Volcanic Eruptions

Rising sea level will greatly affect food production in some currently very densely populated areas. For example, in the coastal lowlands of Bangladesh, flooding of the land will result in the loss of agricultural land utilized by some 15 million people. This displaced population will need to relocate to other already crowded areas. The ability for people to adapt to climate change largely reflects economic factors. Adapting to the flooding by migrating is not a very practical option for the population of Bangladesh because these people are among the poorest in the world. In contrast, the wealthiest segments of the population will have the best chance to adapt.

Most volcanic eruptions do not alter global climate for more than 2 to 5 years. However, large volcanic eruptions in the past and potentially large ones in the future could significantly alter food production not just in local areas, but globally. In 2005, the Geological Society of London initiated a study of the potential impact of large volcanic eruptions.

Heat and Water Demands

Extreme heat waves can devastate crops. In 2003, summer temperatures in Europe averaged more than 10°F above normal. In response, corn yields in Italy dropped 36 percent below average; in France, yields of fruit fell 25 percent and wine production, 10 percent. Heat also affects the rate of plant pollination. A 3°F increase in temperature in rice-producing areas would cut rice pollination in half. In addition, rising temperatures will increase the frequency and extent of damage caused by plant diseases and pests.

Prolonged drier conditions in the western United States, coupled with increased demand for water from the Colorado River, may force a change in agricultural water use in this region. Researchers have determined that there is a 10 percent chance that Lake Mead and Lake Powell will run out of usable water by 2013. In 2007, the water level in Lake Mead dropped to its lowest level since the reservoir was first filled. The same study suggested that there is a 50 percent chance these reservoirs will be empty by 2021.

Abundant evidence from the past testifies to the negative impact of climate change on food production. That climate change will take place in the coming years is certain. The impact of climate change on the global food supply likely will increase, though how much is difficult to forecast.
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Community-Supported Agriculture

Deborah Greenwood
Robin Leichenko

Making its appearance in the United States in 1985, community-supported agriculture (CSA) is based on a cooperative relationship between a community and a local farmer, whereby individuals and families within a community buy memberships or shares in a farm, in exchange for food produced on the farm. Originally intended as an alternative to chemically intensive, large-scale industrial agriculture, CSAs typically produce food using organic and sustainable production methods. Most CSA farms offer members organic fruits, vegetables, herbs, and flowers that are in season. Some farms will offer additional items such as milk, eggs, meat, and other goods. A CSA farm can typically support as many as 200 members on only a few acres of land, with the cost of an average membership ranging from $225 for a half-share to $500 for a full share, depending on the amount of labor the member is willing to volunteer on the farm and the quantity of produce received. One exception to the typical CSA farm is the Honey Brook Farm in Pennington, New Jersey. The largest in the United States, it farms 60 organic acres and offers 2,200 shares or memberships, representing nearly 4,000 people.


Food for Thought

Deborah Greenwood
Robin Leichenko

Most U.S. community-supported agriculture (CSA) operations are located near urban areas in New England, the Mid-Atlantic states, and the Great Lakes region, with growing numbers in other areas, including the West Coast. CSAs have emerged in these locations because their urban centers serve as outlets for fresh produce, which can be marketed directly to consumers looking for locally grown foods. Interestingly, there is another trend in agriculture paralleling the emergence of urban CSAs. Between 2002 and 2007, the U.S. Census of Agriculture reported a 30 percent increase in the number of women serving as principal farm operators. The highest percentages of farms operated by females are found in urban counties in New England and on the West Coast. Increasing proportions of women are entering agriculture because alternatives such as CSAs afford them the opportunity to join what had long been a male-dominated profession. At the same time, the increased visibility of women as farm operators may encourage and facilitate the formation of new female-operated CSAs in urban areas, suggesting that the two trends may be self-reinforcing.



CSAs are designed to be beneficial for the farmer, the community, and the environment. They are intended to give consumers a voice and a choice in the way their food is produced and delivered to them. The foundation of the CSA relationship is a mutual commitment between the farmer and the community. Membership dues provide funds for the start-up costs of the farm before the season begins. In turn, the community members’ investment is returned to them when they receive their weekly portion of the food the farm produces. CSAs also are intended to reestablish a sense of community and connection with this country’s rural past, which some CSA members would like to recreate in today’s information-intensive and rapidly moving society. In addition to instilling a sense of community, CSAs have beneficial impacts on human and environmental health, food security, and sustainability. For example, decreased usage of chemical pesticides and fertilizers contributes to improved water quality, while organic farming methods lead to less soil degradation as compared to conventional approaches.

CSAs and Urban Agriculture

Community-supported agriculture, as we recognize it today, began in Japan in 1971 and paved the way for the organic food movement. Born out of an opposition to the harmful chemicals used in farming, CSAs were initially seen as an alternative way to farm organically and safely. The Japanese version of the CSA, called Teikei, was the first known cooperative agreement between a farmer and families to provide them with produce in return for money and labor. Similar CSAs later emerged in Switzerland, influenced by agricultural practices and movements in Chile and France. In 1985, CSAs were introduced to the northeastern United States in Massachusetts and New Hampshire by way of Switzerland and Germany. The practice has taken hold more broadly, and CSA farms have since spread across the United States, numbering more than 1,000 today.

Within the United States and throughout the world, the rising popularity of CSAs reflects a broader shift from traditional farming in rural areas of some states, to alternative farming in more urbanized locations. Urban agriculture typically is defined as agricultural activity that occurs within the fringe areas of cities and entails either growing crops or raising animals for consumption or sale. Within the United States, the amount of farmland in metropolitan areas has increased substantially since the mid-1970s. Most American CSAs are located near urban centers in New England, the Mid-Atlantic states, and the Great Lakes region, with growing numbers being established in other areas, including on the West Coast. While large losses of farmland to urban development also have occurred, the importance of agriculture in urbanized areas has not diminished. To remain competitive and economically viable, urban farmers have intensified production, shifted their plantings to include higher-value crops, and identified new markets for their produce. All of these responses are reflected in the formation of CSAs.

Along with CSAs, related forms of urban agriculture include farm markets, school and community gardens, rooftop gardens, and specialty producers. Many of these efforts are based on the principles of CSAs. For example, community garden agriculture, such as the Greensgrow Philadelphia Project in Pennsylvania, brings culturally appropriate food to ethnic neighborhoods that are underserved by traditional grocery stores. Garden agriculture often contributes to the culinary community by providing high-quality fruits and vegetables to chefs in local restaurants. Specialty producers, who may grow vegetables and fruits for Asian, Latino, and other populations and restaurants, also are becoming increasingly visible in peri-urban areas located near cities with large ethnic populations. Another fairly recently introduced form of urban agriculture that is gaining popularity is the rooftop garden, which utilizes container beds for growing food. Rooftops represent a large portion of a city’s unused surface area, making them ideal for gardening, due to their full exposure to sun and rain. Green roof farming also gives the residents of a building the opportunity and enjoyment of growing their own vegetables, herbs, and flowering plants, while providing an additional food source.

School gardens are becoming increasingly prominent in many urban areas. One example comes from New York City in the form of the 610 Henry Street garden, which is shared by Brooklyn New School (BNS) P.S. 146 and Brooklyn School of Collaborative Studies (BCS) P.S. 448. Starting agricultural education from the preschool level and continuing through high school, the Brooklyn school garden provides children with a hands-on learning experience in how to grow healthy foods, such as fruits and vegetables. In addition to growing food, the school focuses on community building among the students, who come from diverse ethnic backgrounds. Its unique worm-composting program provides the gardens with beneficial mulch used for fertilizer, the by-product of 40 pounds of worms that are fed with cafeteria food waste. In addition, the school’s seed-to-salad program for first graders grows enough lettuce to supply the salad bar in the school cafeteria. By incorporating agricultural education into the school’s curriculum via school gardens, the broad aim is to teach the students, from an early age, the importance of eating healthy food, and to make these habits an integral part of their lives, both within and outside the classroom.

Urban farms that reflect the principles of CSAs are also prominent in Latin America, Asia, Africa, and Europe. For example, a successful urban agricultural program exists in Havana, Cuba, where the national Ministry of Agriculture works in cooperation with the city’s government to support and encourage local communities in the management of agricultural activities. The result is a successful urban farming program, with production consisting mainly of organiponicos—highly productive raised orchard beds that utilize biological pest control, organic pesticides, and manure to produce a diversity of crops. Paralleling the philosophy of the CSAs in the United States, this cooperative community effort in Havana brings together producers and consumers in the production of healthy, nutritious, locally grown food. In Shanghai, China, one of the world’s fastest-growing cities, the Shanghai municipal government purposefully maintains and preserves urban farmland to provide city residents with locally grown wheat, rice, and vegetables. In South Africa, during apartheid, it was impossible for the black majority to farm in and around cities; since apartheid’s demise, however, urban agriculture has experienced substantial growth and likely will become a permanent feature of the landscape. Another location that also lends support to the theory positing a positive influence of urbanization on agricultural practices is in the densely populated city of Brussels, Belgium. Within the Brussels metropolitan area, pressure on traditional farming has acted as an incentive for the development of a farming system that delivers food and other marketable products, while striving to enhance food security, environmental quality, and community health. Within Quebec, Canada, urban fringe areas located on the perimeters of the city contain many innovative, alternative forms of agriculture, such as organic, part-time farming, and local farming with on-farm entertainment called agritourism. In fact, more organic farms can be found in the metropolitan regions of Quebec than anywhere else in the province.

Environmental and Social Benefits of CSAs

Community-supported agriculture provides an alternative for farmers and consumers to organically produce healthier, non-chemically treated food. CSAs also allow producers to minimize “food miles”—that is, the distance food travels from farm to plate—thereby reducing greenhouse gas emissions from the burning of fossil fuels for food transportation. In addition, by bringing farming and nutritious foods into city neighborhoods, CSA farms are making local food systems more socially just. When CSAs are found in close proximity to urban farm markets, they can reduce the “food desert” phenomenon in some urban locations. Food deserts are residential areas with limited access to healthy, nutritious foods, such as fruits and vegetables. These areas, which are typically found in both low-income urban neighborhoods and remote rural areas, provide ready access to unhealthy foods from retailers such as fast-food restaurants, convenience stores, and gas stations, but tend to lack large grocery stores and fruit and vegetable markets. Food deserts contribute to serious nutritional problems such as obesity, diabetes, and heart disease among lower-income, and often minority, populations. In the United States, First Lady Michele Obama has made it her primary objective to help fight obesity, particularly in children, by encouraging and supporting local efforts to bring healthy, nutritious produce into urban food deserts. To demonstrate her affirmed support for community gardens and her campaign, she planted an organic vegetable garden on the White House grounds from which fresh produce is harvested.

A growing number of urban, CSA-type farms and farming organizations in the United States are also addressing the scarcity of healthy foods. Although slightly different in their methods of delivery, these groups all share a common goal—to bring social justice to low-income neighborhoods by giving them the opportunity to purchase fresh, healthy food from local farmers and provide better nutrition through food education and public health information. One such farm is the previously mentioned Greensgrow Philadelphia Project. This farm utilizes vacant land from an abandoned steel plant, covering an entire city block. It is now a permanent garden farm in the neighborhood and consists of a greenhouse, nursery, farm market, and retail nursery area. The farm grows and brings fresh, nutritious foods to poorer residents as well as supplies the Philadelphia restaurant community. The project represents a successful model for how small agricultural enterprises may become established in urbanized areas, providing nutritious, locally produced foods to low-income city dwellers. The project also provides agricultural education outreach to the community residents.

Another example is the Growing Power Farm organization based in Milwaukee, Wisconsin. The mission of this nonprofit organization is to provide access to healthy, safe, affordable food through the development of sustainable community food systems. Composed of multiple farms in urban and rural areas of Wisconsin and Illinois, members carry out their mission through hands-on training, education, and outreach to residents of diverse communities and, in particular, engage in youth development. Their two-acre urban farm and community food center in the city of Milwaukee produces fruits, vegetables, and herbs and raises goats, ducks, bees, and turkeys. Unique to the farm is an aquaponics system that farms tilapia and perch. Aquaponics is a method of farming that grows crops and fish in a recirculating-water system. The resulting goods are sold at local farm markets and restaurants and are popular with the ethnic community. The center’s broader goal is to enhance social justice and to educate residents about nutrition and public health issues at the community level.

A third example is the New Brunswick Community Farm Market in New Jersey, which was conceived in 2009 to provide this low-income city neighborhood with the chance to buy healthy food from local farmers and learn about nutrition-related matters. The farm market sits on a mere one acre of vacant city land owned by Rutgers University and is run by the university and the New Jersey Agricultural Experiment Station. Local farmers have delivered fresh fruits and vegetables successfully to this underserved area through their participation in this urban project.

Achieving Sustainability: Promoting and Supporting CSAs

Community-based agriculture meets consumer demand for safe, nutritious, healthy foods that are locally produced while also establishing a connection between the community and the farmer. The success of CSAs demonstrates that agricultural programs can flourish in urban and peri-urban areas through cooperation and participation among the farmers, local government/policymakers, and community members, as they work together to move toward a more sustainable, socially just, and environmentally healthy food system. Importantly, these efforts often require local governments to formulate policies and programs that support farmers and various forms of urban agriculture including CSAs, community gardens, and organic agriculture. The success of such policies and programs can be seen in the cases mentioned earlier in Brussels, Belgium; Havana, Cuba; and New Brunswick, New Jersey.

Government support also can be beneficial in setting land-use and zoning policies that restrict development and preserve farmland, thereby ensuring that land is available for CSAs and other types of urban agriculture. The state of New Jersey’s $1 billion initiative to preserve open space and farmland from development provides one example. Some municipalities in New Jersey employ “Transfer Development Rights” (TDRs) as a way to preserve farmland. Such a plan requires new housing developers to buy development rights or credits from farmers willing to preserve their farms, and then use these credits to build new housing in other areas. One such example is the 130-acre Suydam Farm in Franklin Township, New Jersey. This 300-year-old Dutch family farm—the oldest in Somerset County—survived development pressures from encroaching urbanization and was preserved as open space. The preservation strategy relied on a cooperative effort between the township, county, and state government’s Agricultural Development Committee to contribute funds and purchase the development rights. The preserved farm will remain a part of New Jersey’s rich agricultural heritage, and it also is an asset to the local community. Another approach, known as “New Urbanism,” follows the same principle as TDRs and preserves farmland while creating a traditional town setting around it, where housing, schools, and businesses are nestled in close proximity to one another. Yet another tool is tax relief to farmers in the form of lower property taxes paid on land that is in production. In New Jersey, the Farmland Assessment Act was passed to protect farmland from being sold for development through lower assessment value.

An effective strategy to help achieve agricultural sustainability is to work through food policy councils. The Growing Power Farm, for example, is actively engaged in developing food policy initiatives in cooperation with the Chicago Food Policy Advisory Council (CFPAC). These partners’ goal is to facilitate policy formulation that encourages and improves access for Chicago residents to healthy, safe, and affordable food through sustainable farming practices. With local governmental support and encouragement and the development of responsible food policy initiatives, CSAs ultimately can provide communities with greater control over their local food systems. Such efforts may not only enhance socioeconomic well-being, environmental quality, and health of residents, but also contribute to long-term efforts to achieve food security and sustainability.
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Conservation and Sustainable Agriculture

Bharath Ganesh-Babu

Conservation is the careful preservation of an entity so that it can be maintained for a long period of time. Sustainability signifies the continued existence of an entity without losing its value in the future. Although humans depend on environmental goods and services for their survival and growth, their interaction with the environment points to an unsustainable trajectory owing to their rapid population growth, over-consumption, and myopic view of ecology and economics. This trend has been made apparent by recent shifts in climatic patterns, widespread loss of soil fertility, expansion of deserts, reduction of groundwater levels, decline of fisheries, large-scale extinction of plant and animal species, loss of agricultural diversity and food security, to name just a few developments. In the wake of these events, increasing advocacy for conservation and sustainability has emerged, especially related to food production and access.

When most humans lived in hunter-gatherer societies, about 12,000 years ago, they depended on their immediate environment for food. Because they lived in unmodified ecosystems, the survival and number of hunter-gatherer groups depended on their ability to obtain a sufficient supply of the edible energy flowing through the natural systems. Humans have a limited digestive capacity for breaking down plant matter, especially cellulose. Consumption of meat, which is more easily digested, is not efficient, as there is an erosion of energy at higher trophic levels in the food chain. Therefore, only a fraction of the total energy flow in the ecosystem can be utilized. The major effect of this low rate of energy availability is evident in the low population density found in these societies. When they are efficient in obtaining food from their environment, individuals are well nourished. Furthermore, they spend only a small part of the day obtaining food, and spend much of the time in leisure, ensuring a high return on investment of energy. Researchers have estimated that for every 10 to 20 kilocalories of food obtained, only 1 kilocalorie is spent performing the activity. Given this advantage, the reason that hunter-gatherers adopted agriculture is puzzling.

The Origin and Expansion of Agriculture

Three major hypotheses have been proposed to explain why hunter-gatherer societies might have adopted agriculture:

• According to the technical change hypothesis, as human technical capabilities in tool-making improved, technology-intensive activity such as agriculture became possible. Of course, some agricultural societies used extremely simple tools, whereas some hunter-gatherers used sophisticated tools.

• The coevolutionary hypothesis holds that agriculture evolved simultaneously with human evolution. As hunter-gatherers cut trees for building materials or fire wood, clearings opened up. Seeds of far-away plants found their way to the clearings through human waste. Taking advantage of the fertile human waste and the sunlight, edible plants started growing near the settlements. Proximate food availability boosted the population numbers, which led to the cutting of more trees and the opening up of more clearings. Over time, this positive feedback loop involving humans and plants led to the expansion of agriculture.

• The resource depletion hypothesis states that agriculture was a response to human population growth. As hunter-gatherer populations grew, local sources of edible energy became depleted. Because they had to go farther to find food, the return on investment of energy declined. Agriculture requires a high initial input and is, therefore, not efficient for small populations. However, as populations grow, less effort is required to expand agriculture. In other words, the return on investment of energy for agriculture is high if the populations are large. When populations shrink, agricultural societies have been seen returning to hunting and gathering.

Whatever the reason for the emergence of agriculture, it is clear that agricultural systems are products of environmental modification. Often, tree species with low edible energy are replaced with cereal grasses that provide more edible energy per unit area for human consumption. While the most productive hunter-gatherer society may support 2 persons per square mile, even the most traditional agricultural society can support 40 to 400 persons per square mile. Nevertheless, relative to the hunter-gatherer approach, agriculturalism is associated with poorer nutrition, smaller body sizes, and increased diseases. Agriculturalists have changed or displaced hunter-gatherer societies in most of the world by engaging in transfer of knowledge and by expanding into those societies, either by conflict or by introducing new diseases. Moreover, agriculturalists have successfully expanded their range to temperate latitudes where the number of warm and sunny days—a critical requirement for crops—is limited. Modern hunter-gatherers are found only in frigid or arid environments. Few of these isolated societies exist elsewhere, because they have not come in contact with agriculturalists. The net effect of this unprecedented expansion is that more and more natural ecosystems have been replaced by modified agroecosystems. To understand the impact of agricultural systems on the natural environment, it is important to understand the environmental conditions required for agriculture and the economics of food production.

The Practice of Agriculture

The initial cost of replacing the natural systems with agricultural systems is very high. Removing trees and preparing the soil for growth takes tremendous effort, and often it requires a group of people, draft animals, or heavy machinery to accomplish. In addition, mature vegetation must be replaced with a selective set of desired seeds. Sowing seeds can be a labor-intensive task, involving the exposure and removal of soil, followed by planting of seeds and soil replacement. A wide range of tools, including simple sticks, animal-drawn plows, and machinery, are used to accomplish this task. In the case of traditional wet rice cultivation, seeds are broadcast on prepared clay fields, and later the seedlings are transplanted by humans in rows. In industrial societies, large machines use energy from fossil fuels to prepare the soil.

Exposure of soil to the sun, wind, and running water is one of the immediate consequences of this phase in agriculture. Previously intact soils continue to erode in agricultural areas. In the 1930s, for example, the Great Plains region in the United States and Canada experienced a phenomenon called the “Dust Bowl,” which was caused by the combined effect of a prolonged drought and use of farming methods that eroded the soils and dislodged the material, causing dust storms. It takes between 200 and 1,000 years for 1 inch of soil to form, but it can be eroded away in just a few seasons. Soil erosion causes loss of the fertile upper soil horizon, nutrient loss, and changes in the soil structure and its water-holding capacity. Over time, the arability of these soils inevitably declines. Estimates show that badly eroded areas in Illinois and Indiana have lost about 24 percent of their inherent initial productivity for corn. Further, eroded soil ends up in rivers, creating a large sediment load and rendering them unfit for living organisms (see the “Soil” entry).

One of the differences between a natural ecosystem and agricultural systems is that, in the absence of sufficient nutrients, only those plant species that can adapt to low-nutrient environments are able to occupy the natural ecosystem. With agriculture, however, humans usually force the growth of a select species, which may not be able to thrive without certain nutrients. This practice lowers the amount of edible energy generated and results in a low return on investment of energy. To maximize the energy derived from such environments, humans add nutrients to the soil. Moreover, when the edible portions of the crops are harvested, the soil nutrients locked in the food are removed and dispersed elsewhere. Some agriculturalists practice shifting cultivation, such as in the tropical forests, where farmers move from one patch of cleared forest to another in response to nutrient decline. In most other agricultural practices, artificial addition of nutrients is the solution to depletion of soil fertility, the cumulative effect of which is the modification of the natural biogeochemical cycling of the ecosystem. For example, it is estimated that 50 percent of the fertilizer applied to U.S. farmland is intended just to replace nutrients that are lost with soil erosion. In China, an estimated 30 percent of the nitrogen fertilizers and 22 percent of the potassium supplements are applied simply to replace nutrients lost through erosion.

Nutrient runoff from agricultural areas is considered to create heavy nutrient loading in water bodies, creating favorable environments for algae and phytoplankton to thrive near the surface. As the organic matter produced by the plankton sinks to the bottom, bacterial activity breaks down the material, utilizing the dissolved oxygen in the water. Through this process, increased phytoplankton results in decreased oxygen levels in the water bodies, creating an anoxic (zero-oxygen) condition, which in turn extinguishes other life forms. In the Gulf of Mexico, near the Mississippi River delta, a 6,000 to 8,400 square mile area of dead zone exists due to this reason.

Plants also require a supply of fresh water to survive. The distribution of naturally available water is uneven across the globe. The occurrence of specific types of plants in natural ecosystems reflects their response to precipitation and the availability of soil water. Plants draw water from the soil and circulate it within their systems before transpiring the water into the atmosphere through the openings on their leaves. In the moist tropics, which have cloudy skies through most of the year, tall trees with large leaves are successful because they compete for sunlight. However, the large surface area of leaves implies greater transpiration, which, in this case, is affordable due to the abundant supply of water available in this environment. In arid deserts, the plants that are able to conserve water by various strategies, including those with a smaller leaf area, are the most successful. Between these two extremes, plants with a wide variety of shapes, structures, and strategies naturally occur in response to precipitation.

Since agriculturalists have expanded their geographic range into areas with limited precipitation, and because most food crops are not resilient against water shortages, it has become necessary in many farming areas to supplement precipitation with artificial water supplies—that is, irrigation. Groundwater is pumped from aquifers, and surface waters from rivers and streams are dammed, diverted, and channelized to convey water to croplands. Natural water-cycling systems are modified and in many cases disrupted, resulting in collateral damage to biodiversity. The magnitude and impact of such irrigation methods vary depending on the scale of the agricultural system and the local geographic and climatic conditions. In the 1960s, the policies of the Soviet Union led to intense irrigation along the floodplains of the Amu Darya and Syr Darya, two rivers draining into the Aral Sea, which is situated between Kazakhstan and Uzbekistan. The combined effect of water diversion and arid climatic condition caused the Aral Sea to shrink to 10 percent of its original size within a span of 40 to 50 years. The resulting loss of aquatic biodiversity, along with a change in local climate, salinization of arable soils, and associated unemployment and poverty, has been called one of the worst environmental disasters in the world. Elsewhere, the large-scale damming of rivers for irrigation has been linked to the drowning of ecosystems; displacement of people; thermal anomalies in the water; trapping of sediments, nutrients, and pollution behind the dams; and increased evaporative loss of fresh water.

The clearing of vegetation by humans for agriculture is another form of disturbance of the natural ecosystem. Succession is a natural process in which new vegetation becomes established in clearings to take advantage of the sunlight and nutrients. As a result, agricultural crops are in constant competition with natural vegetation. Humans act as guardians to edible crops and remove competing “weeds” by hand. In larger agricultural areas, where manual weeding is impractical, chemicals or herbicides are used to kill naturally occurring plants. Moreover, because they represent an easily available food source, agricultural areas attract animals that can be formidable competitors to humans. To keep these “pests” at bay, traditional agriculturalists physically guard the crops or sometimes employ simple tools such as scarecrows, though these tools are impractical for managing large agricultural areas. Large-scale agriculturalists use chemical pesticides to kill pests and diseases. The use of chemicals on crops has been found to be detrimental to human health, as the residues from these chemicals inevitably find their way into the food supply. These chemicals also are found to flow through the food chain and adversely affect populations of living organisms.

Recent advancements in biotechnology have also led to the manipulation of food crops at the genetic level, to be resistant to diseases, herbicides, and pesticides (see the “Genetically Modified Foods” entry). Some practitioners have even inserted genes from poisonous animals such as snakes and scorpions into plants to make them resistant to insects and diseases. Genetically modified crops are highly controversial because the effects of these crops on agricultural diversity are expected by many to be disastrous. One of the fears is that the pollen from these crops could contaminate other species and reduce the already declining diversity of crops.

Green Revolution

The relatively high expense of labor and land, along with the costs of the machinery and energy needed to produce crops, favored the development of mechanized industrial agriculture in the United States in the mid- to late 20th century. In a phenomenon called the “Green Revolution,” high-yielding crop varieties were bred to be grown in large-scale, mechanized-farmed lands. Such varieties have been manipulated to allocate more energy toward their edible parts. The net primary production is increased by artificially increasing the amount of nutrients and water. Even farm animals may be raised in such industrial production systems, where livestock are produced in confined areas called feedlots and are fed manufactured feed. Green Revolution agriculture and industrial farming require large amounts of inputs, transportation, and capital infrastructure. However, while the output per unit land or labor is high, these systems are unproductive when the output per unit energy is measured.

In the short term, the Green Revolution has certainly helped in feeding the growing world population. For example, during the 23-year span between 1950 and 1973, growth in the grain harvest equaled that achieved in the preceding 11,000 years. Between 1950 and 2008, grain yields went from 0.45 ton to 1.33 tons per acre. In a way, higher output ensured that a lesser amount of land was converted to agriculture. In the United States alone, nearly 200 million acres of land has reverted to natural ecosystems.

Nevertheless, the Green Revolution has proved to be largely detrimental to the natural environment. The energy used to produce edible plants and livestock has increased, which in turn has decreased the return on investment of energy. If the energy used to grow food is higher than the edible energy produced, then the system is considered inefficient. In the United States, it takes 10 kilocalories of energy from coal, oil, natural gas, and electricity to produce 1 kilocalorie of edible food—an inefficiency that was not perceived as cause for concern when energy supplies were cheap and seemingly abundant. The existing sources of energy are finite, however, and this makes the Green Revolution unsustainable. Further, the immense amount of methane and carbon dioxide emissions from industrial agriculture has had unintended consequences on the global climate. Nutrient loading in water bodies, as discussed earlier, is another consequence of the Green Revolution (see the “Green Revolution” entry).

One of the most serious and direct effects of the Green Revolution has been on agricultural diversity. Depending on market demand and yield expectations, one variety of a plant is often grown extensively. Such monoculture practices reduce costs and increase efficiency, but also render crops vulnerable to constantly evolving pests and diseases. Moreover, monoculture encourages the fading away of the diverse variety of seeds that were previously cultivated. Seeds of different varieties of edible plants act like genetic banks. If a disease out-competes one variety, then another variety, which may still be resistant to that disease, can help to redeem the loss. In a monoculture environment, in contrast, such a situation could be disastrous. While this risk is mitigated by the use of pesticides, the long-term prospects are unsustainable. Put simply, it is imperative to adopt sustainable solutions to feed the growing world population.

Conservation

The foremost challenge for future agriculturalists is to produce enough to sufficiently feed a growing population of 7 billion people today and eventually more than 9 billion people, while simultaneously conserving soil, water, energy, and biodiversity. To stabilize and reverse the unsustainable trajectory of modern agriculture, a multifaceted global strategy needs to be adopted by individuals, enterprises, and policymakers. It is necessary to increase land productivity by practicing conservation agriculture and precision farming methods with minimal soil disturbance, water-use efficiency, efficient production of protein, localization of agriculture inputs, and reduction in demand by controlling human population growth.

The basic adjustment toward sustainable agriculture should involve farming practices that consider the local topography, soil characteristics, climatic conditions, pests and diseases, available inputs, and individual farmer requirements. Adopting such a site-specific approach, rather than an enforced approach to agriculture, is the first step. Specifically, the following strategies can help sustainable agricultural practices.

First, crop varieties need to be chosen based on the suitability and limitations of the site. This strategy is preventive rather than reactive. It reduces the need for excessive nutrient inputs, pesticides, and dependence on artificial water sources, among other advantages. Although this sounds like common sense, industrial agriculture has been divorced from this pattern.

Second, crop and livestock diversification needs to be encouraged to enhance ecological and economic resilience. Monoculture systems are efficient and easy to manage, but they run the risk of sudden, large-scale collapse due to diseases and pest attacks. Diverse cropping not only spreads the economic risk and mitigates the effects of price fluctuation, but also allows for the evolution of a variety of plants, thereby strengthening biodiversity. After all, seeds that are locked away do not get a chance to grow and follow their evolutionary trajectories. Also, the rotation of diverse plants can be used to suppress weeds, pathogens, and pests by eliminating their competitive advantage. Cover crops help stabilize the agroecosystems, preventing soil and nutrient erosion, and mulch helps maintain soil water by improving infiltration. Chemical inputs can be avoided by encouraging diverse cover crops that create habitats for beneficial insects and arthropods that keep pests under control.

Specialized farms are a relatively recent phenomenon, introduced by pressures of industrial technology, government policy, and changing economic practices. In contrast, mixed farms that have raised crops and livestock in the same land are able to support optimal diversity. By maintaining pastures and foraging areas on slopes, but growing crops on flat terrain, soil erosion is prevented. Rotating forage areas and crops also helps to enhance soil quality because of the accumulating livestock manure. In addition, livestock can serve as buffers against crop failures, as they can sustain on crop residue and still provide income to farmers.

Third, maintaining soil health is crucial for sustainable agriculture. Proper soil, water, and nutrient management enhance the health and vigor of plants and help them develop pest and disease resistance. The need for material inputs, such as energy, water, nutrients, pesticides, and herbicides, is greatly reduced in such systems. The long-term health of the soil is maintained, thereby ensuring sustained output of food.

Fourth, development and application of efficient biological systems, requiring low levels of locally available material input, are the best ways to practice conservation-oriented agriculture. No single panacea exists for such systems, because one of the key words for sustainability is “local”—and what works locally for some farmers under certain conditions may not work for others. It is important to acknowledge the importance of localization and encourage research for specific systems. Practitioners of sustainable agriculture also must understand that the costs and benefits of different applications need to be weighed carefully. For example, in one case a few broad applications of synthetic herbicides on grapevines proved to be a better option than tillage, because they were less energy intensive and prevented soil compaction associated with a mower. Sustainable farming does not necessarily mean the absence of chemicals; rather, it should be understood as a knowledge-intensive agriculture.

Properly managed sustainable farms show increased crop yields when compared to industrial agriculture. A 2006 study conducted on 286 farms across 57 underdeveloped countries showed that, on the 91 million acres studied (3 percent of cultivated areas in developing countries), the average yield in those farms increased by 79 percent. All farms showed improved efficiency in water use. Furthermore, 77 percent of the farms showed a considerable decline (71 percent) in pesticide use and an increase in yield (42 percent). The study results should inspire a cautious optimism about the prospects for adopting sustainable practices, especially in underdeveloped nations.
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