Chapter 14: Food and Soil Resources


Case Study


Growing Perennial Crops on the Kansas Prairie by Copying Nature


Think about farms in Kansas and you probably picture seemingly endless fields of wheat or corn plowed up and planted each year. By 2040, the picture might change, thanks to pioneering research at the nonprofit Land Institute near Salina, Kansas.


The institute, headed by plant geneticist Wes Jackson, is experimenting with an ecological approach to agriculture on the midwestern prairie. It relies on planting a mixture of different crops in the same area, a technique called polyculture. This involves planting a mix of perennial grasses (Figure 14-1, right), legumes (a source of nitrogen fertilizer, Figure 14-1, left), sunflowers, grain crops, and plants that provide natural insecticides in the same field.


The goal is to raise food by mimicking many of the natural conditions of the prairie without losing fertile grassland soil. Institute researchers believe that perennial polyculture can be blended with modern monoculture to help reduce the latter’s harmful environmental effects.


Because these plants are perennials, there is no need to plow up and prepare the soil each year to replant them. This takes much less labor than conventional monoculture or diversified organic farms that grow annual crops. It also reduces soil erosion because the unplowed soil is not exposed to wind and rain. And it reduces the need for irrigation because the deep roots of such perennials retain more water than annuals. There is also less pollution from chemical fertilizers and pesticides. This sounds like a win-win solution.


Thirty-six years of research by the institute have shown that various mixtures of perennials grown in parts of the midwestern prairie could be used as important sources of food. One such mix of perennial crops includes eastern grama grass (a warm-season grass that is a relative of corn with three times as much protein as corn and twice as much as wheat; Figure 14-1, right), mammoth wildrye (a cool-season grass distantly related to rye, wheat, and barley), Illinois bundleflower (a wild nitrogen-producing legume that can enrich the soil and whose seeds can serve as livestock feed; Figure 14-1, left), and Maximilian sunflower (which produces seeds with as much protein as soybeans).


This important research may eventually help us come closer to producing and distributing enough food to meet everyone’s basic nutritional needs and doing this without degrading the soil, water, air, and biodiversity that support all food production.


However, this will require more evaluation of the costs involved and the feasibility of integrating such practices into conventional agricultural production systems.


Figure 14-1 Solutions: The Land Institute in Salina, Kansas, is a farm, a prairie laboratory, and a school dedicated to changing the way we grow food. It advocates growing a diverse mixture (polyculture) of edible perennial plants to supplement traditional annual monoculture crops. Two of these perennial crops are eastern grama grass (bottom) and the Illinois bundleflower (top left).


Biodiversity Soil


There are two spiritual dangers in not owning a farm. One is the danger of supposing that breakfast comes from the grocery, and the other that heat comes from the furnace.
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This chapter analyzes the world’s crop, meat, and fish production systems and how they can be made more sustainable. It addresses the following questions:


How is the world’s food produced?


How are green revolution and traditional methods used to raise crops?


How are soils being degraded and eroded, and what can be done to reduce these losses?


How much has food production increased, how serious is malnutrition, and what are the environmental effects of producing food?


How can we increase production of crops, meat, and fish and shellfish?


How do government policies affect food production?


How can we design and shift to more sustainable agricultural systems?


14-1 HOW IS FOOD PRODUCED?


What Systems Provide Us with Food?


The Challenges Ahead


Croplands, rangelands, and ocean fisheries supply most of our food and since 1950 production from all three systems has increased dramatically.


Historically, humans have depended on three systems for their food supply. Croplands mostly produce grains, and provide about 77% of the world’s food. Rangelands produce meat, mostly from grazing livestock, and supply about 16% of the world’s food. Ocean fisheries supply about 7% of the world’s food.


Since 1950 there has been a staggering increase in global food production from all three systems. This occurred because of technological advances such as increased use of tractors and farm machinery and high-tech fishing boats and gear; inorganic chemical fertilizers; irrigation; pesticides; high-yield varieties of wheat, rice, and corn; densely populated feedlots and enclosed pens for raising cattle, pigs, and chickens; and aquaculture ponds and ocean cages for raising some types of fish and shellfish.


We face important challenges in increasing food production without causing serious environmental harm. To feed the world’s 8.9 billion people projected to exist in 2050, we must produce and equitably distribute more food than has been produced since agriculture began about 10,000 years ago, and do it in an environmentally sustainable manner.


Can we do this? Some analysts say we can, mostly by using genetic engineering (Figure 5-11, p. 98). Others have doubts. They are concerned that environmental degradation, pollution, lack of water for irrigation, overgrazing by livestock, overfishing, and loss of vital ecological services may limit future food production.


A key problem is that human activities continue to take over or degrade more of the planet’s net primary productivity, which supports all life.


We also face the challenge of sharply reducing poverty because about one out of five people do not have enough land to grow their own food or enough money to buy sufficient food—regardless of how much is available.


What Plants and Animals Feed the World?


Our Three Most Important Crops


Wheat, rice, and corn provide more than half of the calories in the food consumed by the world’s people.


The earth has perhaps 30,000 plant species with parts that people can eat. Since the beginning of agriculture about 10,000 of the species have been used as a source of food for people and livestock. Today only 14 plant and 8 terrestrial animal species supply an estimated 90% of our global intake of calories. Just three grain crops—wheat, rice, and corn—provide more than half the calories people consume. These three grains, and most other food crops, are annuals, whose seeds must be replanted each year. This dependence on just a few plant species for food represents a dramatic reduction in agricultural biodiversity.


Two-thirds of the world’s people survive primarily on traditional grains (mainly rice, wheat, and corn), mostly because they cannot afford meat. As incomes rise most people consume more meat and other products of domesticated livestock, which in turn means more grain consumption by those animals.


Fish and shellfish are an important source of food for about 1 billion people, mostly in Asia and in coastal areas of developing countries. But on a global scale fish and shellfish supply only 7% of the world’s food and about 6% of the protein in the human diet.


What Are the Major Types of Food Production? High-Input and Low-Input Agriculture


About 80% of the world’s food supply is produced by industrialized agriculture and 20% by subsistence agriculture.
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There are two major types of agricultural systems: industrialized


and traditional. Industrialized agriculture,


or high-input agriculture, uses large amounts of fossil fuel energy, water, commercial fertilizers, and pesticides to produce single crops (monocultures) or livestock animals for sale. Practiced on about a fourth of all cropland, mostly in developed countries (Figure 14-2), high-input industrialized agriculture has spread since the mid-1960s to some developing countries.


Plantation agriculture is a form of industrialized agriculture used primarily in tropical developing countries. It involves growing cash crops (such as bananas, coffee, soybeans, sugarcane, cocoa, and vegetables) on large monoculture plantations, mostly for sale in developed countries.


An increasing amount of livestock production in developed countries is industrialized. Large numbers of cattle are brought to densely populated feedlots,


where they are fattened up for about 4 months before slaughter. Most pigs and chickens in developed countries spend their lives in densely populated pens and cages and eat mostly grain grown on cropland.


Traditional agriculture consists of two main types, which together are practiced by about 2.7 billion people (42% of the world’s people) in developing countries and provide about a fifth of the world’s food supply. Traditional subsistence agriculture typically uses mostly human labor and draft animals to produce only enough crops or livestock for a farm family’s survival.


Examples of this very low-input type of agriculture include numerous forms of shifting cultivation in tropical forests and nomadic livestock herding.


In traditional intensive agriculture, farmers increase their inputs of human and draft labor, fertilizer, and water to get a higher yield per area of cultivated land. They produce enough food to feed their families and to sell for income.


Croplands, like natural ecosystems, provide important ecological and economic services listed in Figure 14-3 (p. 276). Indeed, agriculture is the world’s
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Industrialized agriculture Shifting cultivation Plantation agriculture Nomadic herding Intensive traditional agriculture No agriculture


Figure 14-2 Locations of the world’s principal types of food production. Excluding Antarctica and Greenland, agricultural systems cover almost one-third of the earth’s land surface.


A second green revolution has been taking place since 1967. It involves introducing fast-growing dwarf varieties of rice (Figure 14-5) and wheat (developed by Norman Bourlag, who later received a Nobel Peace Prize for his work) into several developing countries in tropical and subtropical climates (Figure 14-4, green areas). Producing more food on less land is also an important way to protect biodiversity by saving large areas of forests, grasslands, wetlands, and easily eroded mountain terrain from being used to grow food.


Yield increases depend not only on fertile soil and ample water but also on high inputs of fossil fuels to run machinery, produce and apply inorganic fertilizers and pesticides, and pump water for irrigation. All told, high-input green revolution agriculture uses about 8% of the world’s oil output.


Case Study: Industrial Food Production in the United States: A Success Story


America’s industrialized agricultural system produces about 17% of the world’s grain but has a larger environmental impact than any other American industry.


In the United States industrialized farming has become agribusiness as big companies and larger family-owned farms have taken control of almost three-fourths of U.S. food production. According to environmental educator David Orr, “the U.S. food system is increasingly dominated by ‘superfarms’, which are roughly to farming what WalMart is to retailing.” In total annual sales, agriculture is bigger than the automotive, steel, and housing industries combined. It generates about 18% of the country’s gross national income and almost a fifth of all jobs in the private sector, employing more people than any other industry. With only 0.3% of the world’s farm labor force, U.S. farms produce about 17% of the world’s grain and nearly half of the world’s corn and soybean exports.


Since 1950, U.S. farmers have used green revolution techniques to more than double the yield of key crops such as wheat, corn, and soybeans without cultivating more land. Such increases in the yield per hectare of key crops have kept large areas of forests, grasslands, wetlands, and easily erodible land from being converted to farmland.


In addition, the country’s agricultural system has become increasingly efficient. While the U.S. output of crops, meat, and dairy products has been increasing steadily since 1975, the major inputs of labor and resources —with the exception of pesticides—to produce each unit of that output have fallen steadily since 1950.


U.S. consumers now spend only about 2% of their income on domestically produced food, compared to about 11% in 1948. Adjusted for inflation, U.S. farm products now cost about one-third of what they did in
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Croplands


Ecological Services Economic Services


• Help maintain water flow and soil infiltration • Provide partial erosion protection • Can build soil organic matter • Store atmospheric carbon • Provide wildlife habitat for some species • Food crops • Fiber crops • Crop genetic resources • Jobs


Natural Capital


Figure 14-3 Natural capital: ecological and economic services provided by croplands.


largest industry, providing a living for one of every five (1.3 billion) people.


14-2 PRODUCING FOOD BY GREEN REVOLUTION AND TRADITIONAL TECHNIQUES


How Have Green Revolutions Increased Food Production? High-Input Monocultures in Action


Since 1950, most of the increase in global food production has come from using high-input agriculture to produce more crops on each unit of land.


Farmers can produce more food by farming more land or getting higher yields per unit of area from existing cropland. Since 1950, most of the increase in global food production has come from increased yields per unit of area of cropland in a process called the green revolution.


The green revolution involves three steps. First, develop and plant monocultures (Figure 6-25, p. 118) of selectively bred or genetically engineered high-yield varieties of key crops such as rice, wheat, and corn. Second, produce high yields by using large inputs of fertilizer, pesticides, and water. Third, increase the number of crops grown per year on a plot of land through multiple cropping.


This high-input approach dramatically increased crop yields in most developed countries between 1950 and 1970 in what is called the first green revolution (Figure 14-4, blue areas).
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First green revolution (developed countries) Major international agricultural research centers and seed banks Second green revolution (developing countries)


Figure 14-4 Countries whose crop yields per unit of land area increased during the two green revolutions. The first (blue) took place in developed countries between 1950 and 1970; the second (green) has occurred since 1967 in developing countries with enough rainfall or irrigation capacity. Several agricultural research centers and gene or seed banks (red dots) play a key role in developing high-yield crop varieties.


Figure 14-5 Solutions: high-yield, semidwarf variety of rice called IR-8 (left), developed as part of the second green revolution.


Crossbreeding two parent strains of rice produced it: PETA from Indonesia (center) and DGWG from China (right).


The shorter and stiffer stalks of the new variety allow the plants to support larger heads of grain without toppling over and increase the benefit of applying more fertilizer.


International Rice Research Institute, Manila


1910. People in developing countries typically spend up to 40% of their income on food. And the 1.1 billion of the world’s poor struggling to live on $1 a day or less spend about 70% of their income on food.


The industrialization of agriculture has been made possible by the availability of cheap energy, most of it from oil. Putting food on the table consumes about 17% of all commercial energy used in the United States each year (Figure 14-6). Good news. The input of energy needed to produce a unit of food has fallen considerably and most plant crops in the United States provide more food energy than the energy used to grow them.


Bad news. If we include livestock, the U.S. food production system uses about three units of fossil fuel energy to produce one unit of food energy. That energy efficiency is much lower if we look at the whole U.S. food system. Considering the energy used to grow, store, process, package, transport, refrigerate, and cook all plant and animal food, about 10 units of nonrenewable fossil fuel energy are needed to put 1 unit of food energy on the table. By comparison, every unit of energy from human labor in traditional subsistence farming provides at least 1 unit of food energy and up to 10 units using traditional intensive farming.


What Growing Techniques Are Used in Traditional Agriculture? Low-Input Agrodiversity in Action


Many traditional farmers in developing countries use low-input agriculture to produce a variety of different crops on each plot of land.


Traditional farmers in developing countries grow about one-fifth of the world’s food on about three-fourths of its cultivated land. Many traditional farmers simultaneously grow several crops on the same plot, a practice known as interplanting. Such crop diversity reduces the chance of losing most or all of the year’s food supply to pests, bad weather, and other misfortunes.


Interplanting strategies vary. One type, polyvarietal cultivation, involves planting a plot with several varieties of the same crop. Another is intercropping— growing two or more different crops at the same time on a plot (for example, a carbohydrate-rich grain that uses soil nitrogen and a protein-rich legume that puts it back). A third type is agroforestry, or alley cropping,


in which crops and trees are grown together (see Individuals Matter, at right).


A fourth type is polyculture, in which many different plants maturing at various times are planted together. Low-input polyculture has a number of advantages.


There is less need for fertilizer and water because root systems at different depths in the soil capture nutrients and moisture efficiently. It provides more protection from wind and water erosion because the soil is covered with crops year-round. There is little or no need for insecticides because multiple habitats are created for natural predators of crop-eating insects.


Also, there is little or no need for herbicides because weeds have trouble competing with the multitude of crop plants. The diversity of crops raised provides insurance against bad weather. This is a way of growing food by copying nature. Wes Jackson is carrying out research on polyculture to grow perennial crops on prairie land in the United States (see case study at the beginning of this chapter).


Recent ecological research found that on average, low-input polyculture produces higher yields per hectare of land than high-input monoculture. For example, a 2001 study by ecologists Peter Reich and David Tilman found that carefully controlled polyculture plots with 16 different species of plants consistently outproduced plots with 9, 4, or only 1 type of plant species.


Traditional farmers in arid and semiarid areas with low natural soil fertility have developed innovative methods to boost crop production. For example, in the African countries of Niger and Burkina Faso, a
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Figure 14-6 In the United States, industrialized agriculture uses about 17% of all commercial energy. In the United States, food travels an average of 2,400 kilometers (1,500 miles) from farm to table. (Data from David Pimentel and Worldwatch Institute)


farmer innovation called tassas has tripled yields on at least 100,000 hectares (250,000) acres of unproductive land. Tassas are small pits dug in the soil, filled with manure, and then planted with crops once they fill with infrequent rain.


14-3 SOIL EROSION AND DEGRADATION


What Causes Soil Erosion? The Big Three


Water, wind, and people cause soil erosion.


Most people in developed countries get their food from grocery stores, fast-food chains, and restaurants.


But we need to remind ourselves that all food comes from the earth or soil—the base of life. This explains why preserving the world’s topsoil (Figure 4-25, p. 73) is the key to producing enough food to feed the world’s growing population.


Land degradation occurs when natural or human induced processes decrease the future ability of land to support crops, livestock, or wild species. One type of land degradation is soil erosion: the movement of soil components, especially surface litter and topsoil from one place to another. The two main agents of erosion are flowing water and wind, with water causing most soil erosion (see photo on p. ix, right).


Some soil erosion is natural and some is caused by human activities. In undisturbed vegetated ecosystems, the roots of plants help anchor the soil, and usually soil is not lost faster than it forms. Soil becomes more vulnerable to erosion through human activities that destroy plant cover, including farming, logging, construction, overgrazing by livestock, off-road vehicle use, and deliberate burning of vegetation.


Soil erosion has two major harmful effects. One is loss of soil fertility through depletion of plant nutrients in topsoil. The other harmful effect occurs when eroded soil ends up as sediment in nearby surface waters, where it can pollute water, kill fish and shellfish, and clog irrigation ditches, boat channels, reservoirs, and lakes.


Soil, especially topsoil, is classified as a renewable resource because natural processes regenerate it. However, if topsoil erodes faster than it forms on a piece of land, it eventually becomes nonrenewable.


How Serious Is Global Soil Erosion? Mostly Bad News


Soil is eroding faster than it is forming on more than a third of the world’s cropland, and much of this land also suffers from salt buildup and waterlogging.


A 1992 joint survey by the United Nations (UN) Environment Programme and the World Resources Institute estimated that topsoil is eroding faster than it forms on about 38% of the world’s cropland (Figure 14-7, p. 280). According to a 2000 study by the Consultative Group on International Agricultural Research, soil erosion and degradation has reduced food production on about 16% of the world’s cropland.
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In 2003, Cuban-born soil scientist Pedro Sanchez was awarded the World Food Prize, the “Nobel Prize” of agriculture. He received it for developing a low-tech and sustainable form of agriculture that has increased crop yields fourfold, restored depleted soils, and helped more than 150,000 Africans (most in sub-Saharan Africa) escape from hunger and poverty.


Since 1992 Sanchez has been working with scientists in Kenya, Africa, to develop an effective cultivation system that grows crops and trees together.


A basic problem is that many African soils are thin and often depleted of nitrogen and phosphorus


Low-Tech Sustainable Agriculture in Africa


INDIVIDUALS MATTER


Third, phosphorus is added to the soil by crushing small deposits of phosphate rock found throughout much of Africa. Africa’s mildly acidic soils help dissolve the phosphate fertilizer into the soluble form of phosphate needed by corn plants.


Fourth, farmers chop up the leaves and stems of a weedy shrub called the Mexican sunflower that is found along many roadside and farm boundaries. They place the plant pieces in planting holes with corn seed to provide micronutrients needed for healthy crop growth.


This four-part technologically simple system can then be used to provide food and restore depleted soil on a more sustainable basis. The system also helps empower the women who raise most of the crops in Africa by bringing in extra income.


after several years of intense crop growing. Adding commercial inorganic fertilizers would help, but most African farmers cannot afford them.


Sanchez and his colleagues developed the following soil replenishment and crop-growth system to deal with these problems. First, at the beginning of the rainy season farmers plant corn in rows between local varieties of fast-growing trees (Figure 14-14c, p. 285). The corn is harvested and the trees are allowed to grow for a year.


Second, just before the second corn-planting season the trees are cut down and their leaves are dug into the soil to add nitrogen. In addition, the trees can be used for firewood, which also helps prevent deforestation.


Soil expert David Pimentel estimates that worldwide soil erosion causes damages of at least $375 billion per year (an average of $42 million per hour), including direct damage to agricultural lands and indirect damage to waterways, infrastructure, and human health. See his Guest Essay on this subject on the website for this chapter.


Some analysts contend that erosion estimates are overstated because they underestimate the abilities of some local farmers to restore degraded land. The UN Food and Agriculture Organization (FAO) also points out that much of the eroded topsoil does not go far and is deposited further down a slope, valley, or plain. In some places, the loss in crop yields in one area could be offset by increased yields elsewhere.


Case Study: Soil Erosion in the United States Today; Some Hopeful News


Soil in the United States erodes faster than it forms on most cropland, but since 1987 erosion has been cut by about two-thirds.


In the 1930s, several midwestern states lost large amounts of topsoil as a result of poor cultivation practices and prolonged drought (Case Study, next page).


This taught the country some important lessons about the need for soil conservation.


The situation has improved dramatically since then. But according to the Natural Resources Conservation Service, soil on cultivated land in the United States is still eroding about 16 times faster than it can form. Erosion rates are even higher in heavily farmed regions. An example is the Great Plains, which has lost one-third or more of its topsoil in the 150 years since it was first plowed.


Good news. Of the world’s major food-producing nations, only the United States is sharply reducing some of its soil losses through a combination of planting crops without disturbing the soil and government sponsored soil conservation programs.


The 1985 Food Security Act (Farm Act) established a strategy for reducing soil erosion in the United States. In the first phase of this program, farmers receive a subsidy for taking highly erodible land out of production and replanting it with soil-saving grass or trees for 10–15 years. In 2003, roughly one-tenth of U.S. cropland was in this Conservation Reserve Program (CRP).
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Areas of serious concern Areas of some concern Stable or nonvegetative areas


Figure 14-7 Natural capital degradation: global soil erosion. (Data from UN Environment Programme and the World Resources Institute)


According to the U.S. Department of Agriculture, since 1985 this program has cut soil losses on cropland in the United States by about two-thirds. And between 1982 and 1997, the area of U.S. farmland with the greatest potential for wind erosion and water erosion decreased by nearly one-third. If lawmakers continue to support this program, it could eventually cut such soil losses as much as 80%.


A second provision of the Farm Act authorizes the government to forgive all or part of farmers’ debts to the Farmers Home Administration if they agree not to farm highly erodible cropland or wetlands for 50 years. The farmers must plant trees or grass on this land or restore it to wetland.


These efforts to slow soil erosion are important.


But effective soil conservation is practiced today on only about half of all U.S. agricultural land and on about half of the country’s most erodible cropland.


Case Study: The Dust Bowl: An Environmental Lesson from Nature


In the 1930s, a large area of cropland in the midwestern United States had to be abandoned because of severe soil erosion caused by a combination of poor cultivation practices and prolonged drought.


In the 1930s, Americans learned a harsh environmental lesson when much of the topsoil in several dry and windy midwestern states was lost through a combination of poor cultivation practices and prolonged drought.


Before settlers began grazing livestock and planting crops there in the 1870s, the deep and tangled root systems of native prairie grasses anchored the fertile topsoil firmly in place. But plowing the prairie tore up these roots, and the agricultural crops the settlers planted annually in their place had less extensive root systems.


After each harvest, the land was plowed and left bare for several months, exposing it to high winds.


Overgrazing by livestock in some areas also destroyed large expanses of grass, denuding the ground.


The stage was set for severe wind erosion and crop failures; all that was needed was a long drought.


One came between 1926 and 1937 when the annual precipitation dropped by about almost two-thirds. In the 1930s, dust clouds created by hot, dry windstorms blowing across the barren exposed soil darkened the sky at midday in some areas; rabbits and birds choked to death on the dust.


During May 1934, a cloud of topsoil blown off the Great Plains traveled some 2,400 kilometers (1,500 miles) and blanketed most of the eastern United States with dust. Laundry hung out to dry by women in Georgia quickly became covered with dust blown in from the Midwest. Journalists gave the worst-hit part of the Great Plains a new name: the Dust Bowl (Figure 14-8).


During the “dirty thirties,” large areas of cropland were stripped of topsoil and severely eroded. This triggered one of the largest internal migrations in U.S. history. Thousands of farm families from Oklahoma, Texas, Kansas, and Colorado abandoned their dust choked farms and dead livestock and migrated to California or to the industrial cities of the Midwest and East. Most found no jobs because the country was in the midst of the Great Depression.


In May 1934, Hugh Bennett of the U.S. Department of Agriculture (USDA) went before a congressional hearing in Washington to plead for new programs to protect the country’s topsoil. Lawmakers took action when Great Plains dust began seeping into the hearing room.


In 1935, the United States passed the Soil Erosion Act, which established the Soil Conservation Service (SCS) as part of the USDA. With Bennett as its first head, the SCS (now called the Natural Resources Conservation Service) began promoting sound soil conservation practices, first in the Great Plains states and later elsewhere. Soil conservation districts were formed throughout the country, and farmers and ranchers were given technical assistance in setting up soil conservation programs.


What Is Desertification, and How Serious Is It? Decreasing Land Productivity


About one-third of the world’s land has lost some of its productivity from a combination of drought and human activities that reduce or degrade topsoil.


In desertification, the productive potential of arid or semiarid land falls by 10% or more because of a combination of natural climate change that causes prolonged drought and human activities that reduce or degrade
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Figure 14-8 The Dust Bowl of the Great Plains, where a combination of extreme drought and poor soil conservation practices led to severe wind erosion of topsoil in the 1930s.


topsoil. The process can be moderate (a 10–25% drop in productivity), severe (a 25–50% drop), or very severe (a drop of 50% or more, usually creating huge gullies and sand dunes). Note that only in extreme cases does desertification lead to what we call desert.


Over thousands of years the earth’s deserts have expanded and contracted, mostly because of natural climate changes. However, human activities can accelerate desertification in some parts of the world (Figure 14-9). Study Figure 14-9 to find out the areas of the world most affected by desertification. Is it a problem where you live?


According to a 2003 UN conference on desertification, about a third of the world’s land and 70% of all drylands is suffering from the effects of desertification.


UN officials estimate that this loss of soil productivity threatens the livelihoods of at least 250 million people in 110 countries (70 in Africa). China is facing serious desertification, as its portion of the Gobi Desert expanded by an area half the size of Pennsylvania between 1994 and 1999.


Figure 14-10 summarizes the major causes and consequences of desertification. We cannot control when or where prolonged droughts may occur, but we can reduce overgrazing, deforestation, and destructive forms of planting, irrigation, and mining that leave soil barren. We can also restore land suffering from desertification by planting trees and grasses that anchor soil and hold water.


How Do Excess Salts and Water Degrade Soils? Crop Losses from Too Much Salt and Water


Repeated irrigation can cause loss of crop productivity by salt buildup in the soil and waterlogging of crop plants.


The one-fifth of the world’s cropland that is irrigated produces almost 40% of the world’s food. But irrigation has a downside. Most irrigation water is a dilute solution of various salts, picked up as the water flows over or through soil and rocks. Irrigation water not ab-
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Figure 14-9 Natural capital degradation: desertification of arid and semiarid lands. It is caused by a combination of prolonged drought and human activities that expose soil to erosion. (Data from UN Environment Programme and Harold E. Drengue)


sorbed into the soil evaporates, leaving behind a thin crust of dissolved salts (such as sodium chloride) in the topsoil.


Repeated annual applications of irrigation water lead to the gradual accumulation of salts in the upper soil layers. This accumulation of salts is called salinization (Figure 14-11). It stunts crop growth, lowers crop yields, and eventually kills plants and ruins the land (see figure on p. ix, left).


According to a 1995 study, severe salinization has reduced yields on about a fifth of the world’s irrigated cropland, and almost another third has been moderately salinized. The most severe salinization occurs in Asia, especially in China, India, and Pakistan.


Salinization affects almost one-fourth of irrigated cropland in the United States. But the proportion is much higher in some heavily irrigated western states.


We know how to prevent and deal with soil salinization, as summarized in Figure 14-12. But some of these remedies are expensive.


Another problem with irrigation is waterlogging (Figure 14-11). Farmers often apply large amounts of irrigation water to leach salts deeper into the soil. But without adequate drainage, water accumulates underground and gradually raises the water table. Saline
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Figure 14-10 Causes and consequences of desertification.


Salinization Waterlogging


1. Irrigation water contains small amounts of dissolved salts.


2. Evaporation and transpiration leave salts behind.


3. Salt builds up in soil.


1. Precipitation and irrigation water percolate downward.


2. Water table rises.


Evaporation Evaporation Transpiration Evaporation Less permeable clay layer Waterlogging


Figure 14-11 Natural capital degradation: salinization and waterlogging of soil on irrigated land without adequate drainage can decrease crop yields.


Solutions Soil Salinization


Prevention Cleanup


Flushing soil (expensive and wastes water) Not growing crops for 2–5 years Installing underground drainage systems (expensive) Reduce irrigation Switch to salt-tolerant crops (such as barley, cotton, sugar beet)


Figure 14-12 Solutions: methods for preventing and cleaning up soil salinization.


water then envelops the deep roots of plants, lowering their productivity and killing them after prolonged exposure.


At least one-tenth of the world’s irrigated cropland suffers from waterlogging, and the problem is getting worse.


14-4 SOIL CONSERVATION


How Can Conservation Tillage Reduce Soil Erosion? Do Not Disturb the Soil


Modern farm machinery can plant crops without disturbing the soil.


Soil conservation involves using ways to reduce soil erosion and restore soil fertility. For hundreds of years, farmers have used various methods to reduce soil erosion, mostly by keeping the soil covered with vegetation.


In conventional-tillage farming, farmers plow the land and then break up and smooth the soil to make a planting surface. In areas such as the midwestern United States, harsh winters prevent plowing just before the spring growing season. Thus crop fields often are plowed in the fall. This leaves the soil bare during the winter and early spring and makes it vulnerable to erosion.


Many U.S. farmers use conservation-tillage farming to disturb the soil as little as possible while planting crops. With minimum-tillage farming, the soil is not disturbed over the winter. Then at planting time special tillers break up and loosen the subsurface soil without turning over the topsoil, previous crop residues, or any cover vegetation. In no-till farming, special planting machines inject seeds, fertilizers, and weed killers (herbicides) into thin slits made in the unplowed soil and then smooth over the cut. Figure 14-13 lists the advantages and disadvantages of conservation tillage.


In 2003, farmers used conservation tillage on about 45% of U.S. cropland. The USDA estimates that using conservation tillage on 80% of U.S. cropland would reduce soil erosion by at least half. Conservation tillage also has great potential to reduce soil erosion and raise crop yields in the Middle East and in Africa.


What Other Methods Can Reduce Soil Erosion? Several Tried and True Methods


Farmers have developed a number of ways to grow crops that reduce soil erosion.


Figure 14-14 show some of the methods farmers have used to reduce soil erosion. One is terracing, which can reduce soil erosion on steep slopes by converting the land into a series of broad, nearly level terraces that run across the land contour (Figure 14-14a). This retains water for crops at each level and reduces soil erosion by controlling runoff.


Another method is contour farming, which involves plowing and planting crops in rows across the slope of the land rather than up and down (Figure 14-14b). Each row acts as a small dam to help hold soil and to slow water runoff.


Farmers also use strip cropping to reduce soil erosion (Figure 14-14b). It involves planting alternating strips of a row crop (such as corn or cotton) and another crop that completely covers the soil (such as grass or a grass and legume mixture). The cover crop traps soil that erodes from the row crop, catches and reduces water runoff, and helps prevent the spread of pests and plant diseases.


One way to reduce erosion is to leave crop residues on the land after the crops are harvested. Another is to plant cover crops such as alfalfa, clover, or rye immediately after harvest to help protect and hold the soil.


Another method for slowing erosion is alley cropping or agroforestry, in which several crops are planted together in strips or alleys between trees and shrubs that can provide fruit or fuelwood (Figure 14-14c). The trees or shrubs provide shade (which reduces water loss by evaporation) and help retain and slowly release soil moisture. They also can provide fruit, fuelwood, and trimmings that can be used as mulch (green manure) for the crops and as fodder for livestock.
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Trade-Offs


Conservation Tillage


Advantages Disadvantages


Reduces erosion • Saves fuel Cuts costs • Holds more soil water • Reduces soil compaction • Allows several crops per season • Does not reduce crop yields • Reduces CO2 release from soil • Can increase herbicide use for some crops • Leaves stalks that can harbor crop pests and fungal diseases and increase pesticide use • Requires investment in expensive equipment


Figure 14-13 Trade-offs: advantages and disadvantages of using conservation tillage. Pick the single advantage and disadvantage that you think are the most important.
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(a) Terracing (b) Contour planting and strip cropping (c) Alley cropping (d) Windbreaks


Figure 14-14 Solutions: in addition to conservation tillage, soil conservation methods include (a) terracing, (b) contour planting and strip cropping, (c) alley cropping or agroforestry, and (d) windbreaks.


Some farmers establish windbreaks, or shelterbelts, of trees (Figure 14-14d) to reduce wind erosion, help retain soil moisture, supply wood for fuel, and provide habitats for birds, pest-eating and pollinating insects, and other animals.


Some governments use land classification to identify easily erodible (marginal) land that should be neither planted in crops nor cleared of vegetation.


In the United States, the Natural Resources Conservation Service has set up a classification system to identify types of land that are suitable or unsuitable for cultivation.


How Can We Maintain and Restore Soil Fertility? Conservation and Fertilizers


Soil conservation can reduce loss of soil nutrients, and applying inorganic and organic fertilizers can help restore lost nutrients.


The best way to maintain soil fertility is through soil conservation. The next best thing to do is to restore some of the plant nutrients that have been washed, blown, or leached out of soil or removed by repeated crop harvesting.


Fertilizers can partially restore lost plant nutrients.


Farmers can use organic fertilizer from plant and animal materials or commercial inorganic fertilizer produced from various minerals.


There are several types of organic fertilizer. One is animal manure: the dung and urine of cattle, horses, poultry, and other farm animals. It improves soil structure, adds organic nitrogen, and stimulates beneficial soil bacteria and fungi.


Manure use in the United States has decreased because most farmers no longer raise crops and livestock on the same farm and it costs too much to transport animal manure from feedlots near urban areas to distant rural crop-growing areas. Also, tractors and other motorized farm machinery have largely replaced horses and other draft animals that added manure to the soil.


Burning poultry wastes to produce electricity leaves a phosphorus-rich ash. Researchers at the U.S. Department of Agriculture are evaluating its value as an organic fertilizer. Also, Canada-based International Bio-Recovery Corporation has developed a bacterial process that converts biodegradable human and animal wastes into pathogen free, nutrient rich organic fertilizer in only 72 hours.


A second type of organic fertilizer called green manure consists of freshly cut or growing green vegetation plowed into the soil to increase the organic matter and humus available to the next crop.


A third type is compost, produced when microorganisms in soil break down organic matter such as leaves, food wastes, paper, and wood in the presence of oxygen.


Some farmers also use spores of mushrooms, including puffballs and truffles, as organic fertilizer. The spores take in more moisture and nutrients from the soil. Unlike typical fertilizers that farmers must apply every few weeks, one application of mushroom fungi lasts all year and costs just pennies per plant.


Crops such as corn, tobacco, and cotton can deplete nutrients (especially nitrogen) in the topsoil if planted on the same land several years in a row. One way to reduce such losses is crop rotation. Farmers plant areas or strips with nutrient-depleting crops one year. The next year they plant the same areas with legumes (whose root nodules add nitrogen to the soil). A typical rotation is corn soybeans (a legume) oats alfalfa (a legume). In addition to helping restore soil nutrients, this method reduces erosion by keeping the soil covered with vegetation. It also helps reduce crop losses to insects by presenting them with a changing target.


Can Inorganic Fertilizers Save the Soil?


A Partial Solution


Inorganic fertilizers can help restore soil fertility if they are used with organic fertilizers and their harmful environmental effects are controlled.


Many farmers (especially in developed countries) rely on commercial inorganic fertilizers. The active ingredients typically are inorganic compounds containing nitrogen, phosphorus, and potassium. Other plant nutrients may also be present in low or trace amounts. These fertilizers account for about one-fourth of the world’s crop yield. According to Canadian geographer Vaclav Smil, without synthetic inorganic fertilizer we could only feed 2–3 million people.


Figure 14-15 lists the advantages and disadvantages of using inorganic fertilizers to enhance or restore soil fertility. Inorganic chemical fertilizers can replace depleted inorganic nutrients, but they do not replace organic matter. Thus for healthy soil, both inorganic and organic fertilizers should be used.


14-5 FOOD PRODUCTION, NUTRITION, AND ENVIRONMENTAL EFFECTS


How Much Has Food Production Increased?


Impressive Gains that Are Slowing Down


After increasing significantly since 1950, global grain production has mostly leveled off since 1985, and per capita grain production has declined since 1978.


After almost tripling between 1950 and 1985, world grain production has essentially leveled off (Figure 14-16, left). And after rising by about 36% between 1950 and 1978, per capita food production has declined (Figure 14-16, right). The sharpest drops in per capita food production have occurred in Africa since 1970, in the former Soviet Union since 1990, and in China since 1998.


Good news. We produce more than enough food to meet the basic nutritional needs of every person on the earth. Bad news: one out of six people in developing countries are not getting enough to eat because food is not distributed equally among the world’s people. This
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Trade-Offs


Inorganic Commercial Fertilizers


Advantages Disadvantages


Do not add humus to soil • Reduce organic matter in soil • Reduce ability of soils to hold water • Lower oxygen content of soil • Supply only 2 or 3 of 20 or so nutrients needed by plants • Require large amounts of energy to produce, transport, and apply • Release the greenhouse gas nitrous oxide (N2O) • Runoff can over- fertilize nearby lakes and kill fish • Easy to transport • Easy to store • Easy to apply Inexpensive to produce • Help feed one of every three people in the world • Without commercial inorganic fertilizers, world food output could drop by 40%


Figure 14-15 Trade-offs: advantages and disadvantages of using inorganic commercial fertilizers to enhance or restore soil fertility. Pick the single advantage and disadvantage that you think are the most important.
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Figure 14-16 Total worldwide grain production of wheat, corn, and rice (left), and per capita grain production (right), 1950–2003. In order, the world’s three largest grain-producing countries are China, the United States, and India. (U.S. Department of Agriculture, Worldwatch Institute, UN Food and Agriculture Organization, and Earth Policy Institute) occurs because of differences in soil, climate, political and economic power, and average per capita income.


Most agricultural experts agree that the root causes of hunger and malnutrition are and will continue to be poverty and inequality, which prevent poor people from growing or buying enough food regardless of how much is available. Other factors are war, corruption, and tariffs and subsidies that make it hard for poor people to see excess food they produce.


How Serious Are Undernutrition and Malnutrition? Some Progress


Some people cannot grow or buy enough food to meet their basic energy needs, and others do not get enough protein and other key nutrients.


To maintain good health and resist disease, we need fairly large amounts of macronutrients (such as protein, carbohydrates, and fats), and smaller amounts of micronutrients consisting of various vitamins (such as A, C, and E) and minerals (such as iron, iodine, and calcium).


People who cannot grow or buy enough food to meet their basic energy needs suffer from chronic undernutrition.


Chronically undernourished children are likely to suffer from mental retardation and stunted growth. They are also susceptible to infectious diseases such as diarrhea and measles that rarely kill children in developed countries.


Many of the world’s poor can only afford to live on a low-protein, high-carbohydrate diet consisting of grains such as wheat, rice, or corn. Many suffer from malnutrition resulting from deficiencies of protein and other key nutrients.


The two most common nutritional deficiency diseases are marasmus and kwashiorkor. Marasmus (from the Greek word marasmos, “to waste away”) occurs when a diet is low in both calories and protein. Most victims are either nursing infants of malnourished mothers or children who do not get enough food after being weaned from breast-feeding. A child suffering from severe marasmus is usually very thin and shriveled and looks like a very old miniature starving person (Figure 1-12, p. 13). Good news. If the child is treated in time with a balanced diet, most of these effects can be reversed.


Kwashiorkor (meaning “displaced child” in a West African dialect) is a severe protein deficiency occurring in infants and children ages 1–3, usually after the arrival of a new baby deprives them of breast milk.


The displaced child’s diet changes to grain or sweet potatoes, which provide enough calories but not enough protein. Such children typically have a bloated belly, reddish-orange hair, and discolored and puffy skin. Good news. If caught soon enough, most of the harmful effects can be cured with a balanced diet. Otherwise, children who survive their first year or two suffer from stunted growth and mental retardation.


Good news. According to the UN Food and Agriculture Organization (FAO), the average daily food intake in calories per person in the world and in developing countries rose sharply between 1961 and 2003, and is projected to continue rising through 2030 (Figure 14-17). Also, the estimated number of chronically undernourished or malnourished people fell from 918 million in 1970 to 825 million in 2001, about 95% of them in developing countries.


Bad news. About one of every six people in developing countries (including about one of every three children below age 5) is chronically undernourished or malnourished. The FAO estimates that at least 5.5 million people die prematurely from a combination of poverty, undernutrition, malnutrition, and increased susceptibility to normally nonfatal infectious diseases (such as measles and diarrhea) because of their weakened condition. This means that each day an average of 15,100 people—80% of them children under age 5— die prematurely from these causes related to poverty.


Studies by the United Nations Children’s Fund (UNICEF) indicate that one-half to two-thirds of childhood deaths from nutrition-related causes could be prevented at an average annual cost of $5–10 per child by taking the following measures:


Immunizing children against childhood diseases such as measles


Encouraging breast-feeding (except for mothers with AIDS)


Preventing dehydration from diarrhea by giving infants a mixture of sugar and salt in a glass of water


Preventing blindness by giving children a vitamin A capsule twice a year at a cost of about 75¢ per child or fortifying common foods with vitamin A and other micronutrients at a cost of about 10¢ per child annually


Providing family planning services to help mothers space births at least 2 years apart


Increasing education for women, with emphasis on nutrition, drinking water sterilization, and child care. Some people in developed countries also suffer from lack of access to enough food for good health. In the United States, about 11 million people (half of them children under age 5) do not have access to enough food on a regular basis for good health.


How Serious Are Micronutrient Deficiencies? Important but Limited Progress


One of every three persons has a deficiency of one or more vitamins and minerals, especially vitamin A, iron, and iodine.


According to the World Health Organization (WHO), about one out of three people suffer from a deficiency of one or more vitamins and minerals. The most widespread micronutrient deficiencies in developing countries involve vitamin A, iron, and iodine.


According to the WHO, 120–140 million children in developing countries are deficient in vitamin A.


Globally about 250,000 children under age 6 go blind each year from a lack of vitamin A and up to 80% of them die within a year.


Scientists recently spliced genes into rice to make it rich in beta-carotene, the source of vitamin A. Eating normal amounts of this vitamin-fortified rice—called Golden Rice—should provide 20–40% of the daily requirements of vitamin A. But the beta-carotene in this rice is not converted to vitamin A in the body of a poorly nourished person.


Other nutritional deficiency diseases are caused by lack of minerals. Too little iron—a component of hemoglobin that transports oxygen in the blood—causes anemia. According to a 1999 survey by the WHO, one of every three people in the world, mostly women and children in tropical developing countries, suffers from too little iron. Iron deficiency causes fatigue, makes infection more likely, and increases a woman’s chances of dying in childbirth and an infant’s chances of dying of infection during its first year of life.


Elemental iodine is essential for proper functioning of the thyroid gland, which produces a hormone that controls the body’s rate of metabolism. Chronic lack of iodine, found in seafood and crops grown in iodine-rich soils, can cause stunted growth, mental retardation, and goiter—an abnormal enlargement of the thyroid gland that can lead to deafness. According to the United Nations, about 26 million children suffer brain damage each year from lack of iodine and 600 million —mostly in South and Southeast Asia—suffer from goiter.


How Serious Is Overnutrition? Bad and Getting Worse


In developed countries overnutrition is a major cause of preventable deaths.


Overnutrition occurs when food energy intake exceeds energy use and causes excess body fat. Overnourished people are classified as overweight if they are roughly 4.5–14 kilograms (10–30 pounds) over a healthy body weight and obese if they are more than 14 kilograms (30 pounds) over a healthy weight. Too many calories, too little exercise, or both can cause overnutrition.
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Figure 14-17 The average daily food intake in calories per person in the world, developing countries, and developed countries: 1961–2003 and projected increases to 2030. The average adult male needs about 2,500 calories per day for good health. (Data from UN Food and Agriculture Organization) 


People who are underfed and underweight and those who are overfed and overweight face similar health problems: lower life expectancy, greater susceptibility to disease and illness, and lower productivity and life quality. We live in a world where 1 billion people have health problems because they do not get enough to eat and 1.7 billion worry about health problems from eating too much. According to a 2004 study by the International Obesity Task Force, about 1 of every 4 people in the world are overweight and 5% are obese.


In developed countries, overnutrition is the second leading cause of preventable deaths after smoking, mostly from heart disease, cancer, stroke, and diabetes. About one out of seven adults in developed countries suffer from overnutrition. According to the Centers for Disease Prevention and Control, about two-thirds of Americans adults are overweight and almost one-third is obese—the highest overnutrition rate of any developed country. The $40 billion Americans spend each year trying to lose weight is 1.7 times more than the $19 billion per year needed to eliminate undernutrition and malnutrition in the world. More than half of all adults are overweight in Russia, the United Kingdom, and Germany compared to 15% in China.


In 2004, the World Health Organization urged governments to discourage food and beverage ads that exploit children; tax less-healthy foods; and limit high-fat and high-sugar foods in schools.


What Are the Environmental Effects of Producing Food? Agriculture Is Number One


Modern agriculture has a greater harmful environmental impact than any other human activity, and these effects may limit future food production.


Modern agriculture has significant harmful effects on air, soil, water, and biodiversity, as Figure 14-18 (p. 290) shows. According to many analysts, agriculture has a greater harmful environmental impact than any other human activity!


Some analysts believe these harmful environmental effects can be overcome and will not limit future food production. Other analysts disagree. For example, according to Norman Myers, a combination of environmental factors may limit future food production.


They include soil erosion, salt buildup and waterlogging of soil on irrigated lands, water deficits and droughts, and loss of wild species that provide the genetic resources for improved forms of foods.


According to a 2002 study by the UN Department for Economic and Social Affairs, close to 30% of the world’s cropland has been degraded to some degree by soil erosion, salt buildup, and chemical pollution, and 17% has been seriously degraded. Such environmental factors may limit food production in India and China (Case Study, below), the world’s two most populous countries.


Case Study: Can China’s Population Be Fed?


A Precarious Situation


Population growth, economic growth, lack of resources, and the harmful environmental effects of food production may limit crop production in China.


Since 1970, China has made significant progress in feeding its people and slowing its rate of population growth. But there is concern that crop yields may not be able to keep up with demand because of its growing population and economic development. A basic problem is that with 20% of the world’s people, China has only 7% of the world’s cropland and fresh water, 4% of its forests, and 2% of its oil.


Between 1998 and 2003, China’s grain production fell by 18%. This decline in grain production occurred mostly because of a drop in cropland because of a loss of irrigation water, desert expansion, and conversion of cropland to nonfarm uses. Another factor was a decline in planting two crops a year because of a loss of farm labor as more Chinese migrated from rural areas to cities in search of jobs. According to projections by the Worldwatch Institute and the U.S. Central Intelligence Agency, China’s grain production could fall much more between 2003 and 2030, mostly because of water shortages, degraded cropland, diversion of water from cropland to cities, and continued conversion of cropland to nonfarm uses.


As incomes in China have risen, so has meat consumption.


Even if China’s currently booming economy resulted in no increases in meat consumption, the projected drop in grain production would mean that by 2030 China would need to import more than the world’s total grain exports (roughly half of which come from the United States).


But suppose the increased demand for meat led to a rise in per capita grain consumption equal to one-half the current U.S. level. Then China would need to import more than the entire current grain output of the United States.


The Earth Policy Institute and the U.S. Central Intelligence Agency warn that if either of these scenarios turns out to be correct, no country or combination of countries has the potential to supply even a small fraction of China’s potential food supply deficit. This does not take into account huge grain deficits that are projected in other parts of the world by 2025, especially in Africa and India.


To food expert Lester Brown, China is facing an ecological meltdown by exceeding the carrying capacity of its land. It is “overplowing its land, overgrazing its rangelands, depleting its soils, expanding its deserts,
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overcutting its forests, and overpumping its aquifers.” See his guest essay on the website for this chapter.


Other analysts disagree. According to a 1997 study by the International Food Policy Institute, China should be able to feed its population and begin exporting grain again by 2020 if the government invests in expanding irrigation, using more water-efficient forms of irrigation, and increasing agricultural research.


Also, recent satellite surveys show that China has about 40% more potential cropland than previously thought. In addition, the World Bank concluded in 1997 that China’s domestic food production should keep up with its population growth for the next two or three decades without having to import large amounts of grain. China’s food production dilemma illustrates how the problems of population growth, economic development, and environmental degradation can interact.
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Loss and degradation of habitat from clearing grasslands and forests and draining wetlands Fish kills from pesticide runoff Killing of wild predators to protect livestock Loss of genetic diversity from replacing thousands of wild crop strains with a few monoculture strains


Biodiversity Loss Soil


Erosion Loss of fertility Salinization Waterlogging Desertification


Air Pollution


Greenhouse gas emissions from fossil fuel use Other air pollutants from fossil fuel use Pollution from pesticide sprays


Human Health


Nitrates in drinking water Pesticide residues in drinking water, food, and air Contamination of drinking and swimming water with disease organisms from livestock wastes Bacterial contamination of meat


Water


Water waste Aquifer depletion Increased runoff and flooding from land cleared to grow crops Sediment pollution from erosion Fish kills from pesticide runoff Surface and groundwater pollution from pesticides and fertilizers Overfertilization of lakes and slow-moving rivers from runoff of nitrates and phosphates from fertilizers, livestock wastes, and food processing wastes


Figure 14-18 Natural capital degradation: major environmental effects of food production. According to UN studies, land degradation reduced cumulative food production worldwide by about 13% on cropland and 4% on pastureland between 1950 and 2000.


14-6 INCREASING CROP PRODUCTION


What Is the Gene Revolution? From Crossbreeding to Mixing Genes in a New Way


We can increase crop yields by using crossbreeding to mix the genes of similar types of organisms and genetic engineering to mix those of different organisms.


For centuries, farmers and scientists have used crossbreeding through artificial selection to develop genetically improved varieties of crop strains (Figure 5-10, p. 97). Such selective breeding has had amazing results.


Ancient ears of corn were about the size of your little finger and wild tomatoes were once the size of a grape.


But traditional crossbreeding is a slow process, typically taking 15 years or more to produce a commercially valuable new variety and can combine traits only from species that are close to one another genetically.


It also provides varieties that are useful for only about 5–10 years before pests and diseases reduce their effectiveness.


Scientists are creating a third green revolution—actually a gene revolution—by using genetic engineering to develop genetically improved strains of crops and livestock animals. It involves splicing a gene from one species and transplanting it into the DNA of another species (Figure 5-11, p. 98). Compared to traditional crossbreeding, gene splicing takes about half as long to develop a new crop, cuts costs, and allows the insertion of genes from almost any other organism into crop cells.


Ready or not, the world is entering the age of genetic engineering. More than two-thirds of the food products on U.S. supermarket shelves contain ingredients made from genetically engineered crops, and the proportion is increasing rapidly. Currently, genetically engineered crops account for about 5% of the world’s crop area. But by 2020 more cropland may be devoted to genetically engineered crops than to conventional crossbred crops.


Bioengineers are developing or plan to develop new varieties of crops resistant to heat, cold, herbicides, insect pests, parasites, viral diseases, drought, and salty or acidic soil. They also hope to develop crop plants that that can grow faster and survive with little or no irrigation and with less fertilizer and pesticides.


For example, bioengineers have altered citrus trees (that normally take 6 years to produce fruit) to yield fruit in only one year. They hope to go further and use advanced tissue culture techniques to mass-produce only orange juice sacs. This would eliminate the need for citrus orchards and would free large amounts of land for other purposes such as biodiversity protection.


A team of research scientists at Washington State University is experimenting with cell cultures to produce a variety of food and medical products in fermentation tanks or bioreactors. These cell factories would contain mixtures of various plant and animal cells suspended in nutrient solutions of salts and carbohydrates.


If successful and affordable, such food factory systems could produce food independent of local weather in environmentally controlled buildings in local areas. This would reduce the environmental impacts of food production and greatly reduce long distance shipping costs.


However, critics note that so far most genetically modified crops have been for use in temperate areas rather than on subsistence crops in the tropics where food needs are the greatest. Also two-thirds of available transgenic crops have been engineered to tolerate more herbicides (and thus increase herbicide sales) rather than for pest resistance and improved food quality. This has occurred because seed companies understandably concentrate on developing crops that will give them high profits in countries where farmers can afford the new varieties.


How Safe Are Genetically Modified Foods?


Savior or Frankenfood?


There is controversy over whether the benefits of genetically engineered food outweigh its unintended and potentially harmful effects.


Despite the promise, there is considerable controversy over the use of genetically modified food (GMF) and other forms of genetic engineering. Such food is seen by its producers and investors as a potentially sustainable way to solve world food problems but critics consider it potentially dangerous “Frankenfood”. Figure 14-19 (p. 292) summarizes the projected advantages and disadvantages of this new technology. Study this figure carefully.


Critics recognize the potential benefits of genetically modified crops. But they warn that we know too little about the potential harm to human health and ecosystems from widespread use of such crops. Also, genetically modified organisms cannot be recalled if they cause unintended harmful genetic and ecological effects—as some scientists expect to happen.


In 2002 biologist Barry Commoner warned, “The genetically engineered crops now being grown represent a massive uncontrolled experiment whose outcome is inherently unpredictable. The results could be catastrophic.” Until we have more information, such critics call for more controlled field experiments, more research and long-term safety testing to better understand the risks, and stricter regulation of this technology.
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Most scientists and economists who have evaluated genetic engineering of crops believe that its potential benefits outweigh the potential risks. A statement signed in 2000 by over 2,100 scientists—including Nobel laureates James Watson (co-discoverer of DNA) and Norman Bourlag (founder of the second green revolution)—supported the use of food modified by genetic engineering. According to a 2004 report by the U.N. Food and Agriculture Organization, genetically modified (GM) crops hold great promise for farmers in developing countries. But the study pointed out that so far the technology has not been focused on developing GM crops for the poor. The report also called for more research and government regulation to assess any harmful environmental effects from this technology.


A 2004 study by the Ecological Society of America recommended more caution in releasing genetically engineered organisms into the environment. Also, agroecologists Miguel Altieri and Peter Rosset point out that the idea of using genetic engineering to provide enough food to feed everyone is based on two faulty assumptions. One is that world hunger is caused by a global shortage of food. The other is that genetic engineering is the only and best way to increase food production. The reality is that poverty and inequality not food production are primary causes of hunger and malnutrition. Research also shows that polyculture using perennial crops can produce higher crop yields than current green revolution and genetic revolution techniques.
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Trade-Offs


Genetically Modified Crops and Foods


Projected Advantages Projected Disadvantages


Irreversible and unpredictable genetic and ecological effects Harmful toxins in food from possible plant cell mutations New allergens in food Lower nutrition Increased evolution of pesticide-resistant insects and plant diseases Creation of herbicide-resistant weeds Harm beneficial insects Lower genetic diversity Need less fertilizer Need less water More resistant to insects, plant disease, frost, and drought Faster growth Can grow in slightly salty soils Less spoilage Better flavor Less use of conventional pesticides Tolerate higher levels of herbicide use Higher yields


Figure 14-19 Trade-offs: projected advantages and disadvantages of genetically modified crops and foods. Pick the single advantage and disadvantage that you think are the most important.


Many analysts and consumer advocates believe governments should require mandatory labeling of genetically modified foods. This would provide consumers with information to help them make informed choices about the foods they buy. Such labeling is required in Japan, Europe, South Korea, Canada, Australia, and New Zealand and is favored by 81% of Americans polled in 1999.


Industry representatives and the U.S. Department of Agriculture oppose this because they claim that genetically modified foods are not substantially different from foods developed by conventional crossbreeding methods. Also, they fear—probably correctly— that labeling such foods would hurt sales by arousing suspicion.


Can We Continue Expanding the Green Revolution? Maybe, Maybe Not


Lack of resources such as water and fertile soil, and environmental factors may limit our ability to continue increasing crop yields.


Many analysts believe we can produce all the food we need in the future by spreading the use of existing high-yield green revolution crops and genetically engineered crops to more of the world.


Other analysts disagree. They point to several factors that have limited the success of the green and gene revolutions to date and may continue to do so.


One problem is that without huge amounts of fertilizer and water, most green revolution crop varieties produce yields that are no higher (and are sometimes lower) than those from traditional strains. Another problem is that green revolution and genetically engineered crop strains and their high inputs of water, fertilizer, and pesticides cost too much for most sub-


HOW WOULD YOU VOTE? Do the potential advantages of genetically engineered foods outweigh their potential disadvantages?


Cast your vote online at http://biology.brookscole .com/miller14.


HOW WOULD YOU VOTE? Should all genetically engineered foods be so labeled? Cast your vote online at http://biology.brookscole.com/miller14.


sistence farmers in developing countries. Scientists also point out that continuing to increase fertilizer, water, and pesticide inputs eventually produces no additional increase in crop yields. For example, grain yields rose about 2.1% a year between 1950 and 1990, but the increase dropped to 1.1% per year between 1990 and 2000 and to 0.5% between 1997 and 2002.


No one knows whether this downward trend will continue.


There is also concern that crop yields in some areas may start dropping as soil erodes and loses fertility, irrigated soil becomes salty and waterlogged, underground and surface water supplies become depleted and polluted with pesticides and nitrates from fertilizers, and populations of rapidly breeding pests develop genetic immunity to widely used pesticides.


We do not know how close we are to such environmental limits.


Also, according to Indian economist Vandana Shiva, overall gains in crop yields from new green and gene revolution varieties may be much lower than claimed. The yields are based on comparisons between the output per hectare of old and new monoculture varieties rather than between the even higher yields per hectare for polyculture cropping systems and the new monoculture varieties that often replace polyculture crops.


There is also concern that the projected increased loss of biodiversity can limit the genetic raw material needed for future green and gene revolutions. The UN Food and Agriculture Organization estimates that two-thirds of all seeds planted in developing countries are of uniform strains. Such genetic uniformity increases the vulnerability of food crops to pests, diseases, and harsh weather.


Will People Try New Foods? Changing Eating Habits Is Difficult


A variety of plants and insects could be used as sources of food, but most consumers are reluctant to try new foods.


Some analysts recommend greatly increased cultivation of less widely known plants to supplement or replace such staples as wheat, rice, and corn. One of many possibilities is the winged bean common in New Guinea and Southeast Asia. This fast-growing bean is a good source of protein and has so many edible parts it has been called a supermarket on a stalk. It also needs little fertilizer because of nitrogen-fixing nodules in its roots.


Some edible insects—called microlivestock—are also important potential sources of protein, vitamins, and minerals in many parts of the world. There are about 1,500 edible insect species. Examples include black ant larvae (served in tacos in Mexico), giant waterbugs (crushed into vegetable dip in Thailand), Mopani, or emperor moth caterpillars (eaten in South Africa), cockroaches (eaten by Kalahari desert dwellers), lightly toasted butterflies (a favorite food in Bali), and fried ants (sold on the streets of Bogota, Colombia). Most of these insects are 58–78% protein by weight—three to four times as protein-rich as beef, fish, or eggs. One problem is getting farmers to take the financial risk of cultivating new types of food crops. Another is convincing consumers to try new foods. Would you try a bug soup?


Some plant scientists believe we should rely more on polycultures of perennial crops (p. 278), which are better adapted to regional soil and climate conditions than most annual crops. Using perennials would also eliminate the need to till soil and replant seeds each year, greatly reducing energy use, saving water, and reducing soil erosion and water pollution from eroded sediment. Not surprisingly, large seed companies that make their money selling seeds each year for annual crops generally oppose this idea.


Is Irrigating More Land the Answer?


A Limited Solution


The amount of irrigated land per person has been falling since 1978 and is projected to fall much more during the next few decades.


About 40% of the world’s food production and two-thirds of the world’s rice and wheat comes from the 20% of the world’s cropland that is irrigated. Good news. Between 1950 and 2003, the world’s irrigated area tripled, with most of the growth occurring from 1950 to 1978.


Bad news. The amount of irrigated land per person has been falling since 1978 and is projected to fall much more between 2004 and 2050. One reason is that since 1978 the world population has grown faster than irrigated agriculture. Other factors are depletion of underground water supplies (aquifers), inefficient use of irrigation water, and salt buildup in soil on irrigated cropland. In addition, the majority of the world’s farmers do not have enough money to irrigate their crops.


Is Cultivating More Land the Answer?


Another Limited Solution


Significant expansion of cropland is unlikely over the next few decades because of poor soils, limited water, high costs, and harmful environmental effects.


Theoretically, the world’s cropland could be more than doubled by clearing tropical forests and irrigating arid land. But much of this is marginal land with poor soil fertility, steep slopes, or both. Cultivation of such land is unlikely to be sustainable.
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Much of the world’s potentially cultivable land lies in dry areas, especially in Australia and Africa.


Large-scale irrigation in these areas would require expensive dam projects, use large inputs of fossil fuel to pump water long distances, and deplete groundwater supplies by removing water faster than it is replenished.


It would also require expensive efforts to prevent erosion, groundwater contamination, salinization, and waterlogging, all of which reduce crop productivity.


Furthermore, these potential increases in cropland would not offset the projected loss of almost one-third of today’s cultivated cropland caused by erosion, overgrazing, waterlogging, salinization, and urbanization.


Such expansion of cropland would also reduce wildlife habitats and thus the world’s biodiversity.


According to the FAO, cultivating all potential cropland in developing countries would reduce the areas of forests, woodlands, and permanent pasture by almost half. Clearing forests would also release a huge amount of carbon dioxide into the atmosphere and accelerate global warming, which is expected to cause shifts in the areas where some crops could be grown.


Bottom line: Many analysts believe that significant expansion of cropland is unlikely over the next few decades.


Can We Grow More Food in Urban Areas?


Some Untapped Potential


People in urban areas could save money by growing more of their food.


According to the United Nations Development Program, urban gardens provide about 15% of the world’s food supply. Food experts believe that people in urban areas could live more sustainably and save money by growing more of their food. Such food could be grown in empty lots, in backyards, on rooftops and balconies, and by raising fish in tanks and sewage lagoons.


Growing food in urban areas reduces stresses on soil and biodiversity in nonurban areas. It can also provide food and jobs for low-income urban residents.


However, it can lead to conflicts over how urban land should be used. And urban soil needs to be checked for traces of toxic pollutants such as lead and mercury.


A study by the UN Center for Human Settlements estimated that up to half of the total area in many cities in developing countries is vacant public land that could be used to produce food. Is there a vacant lot or a rooftop in your neighborhood that could be used to grow food?


How Much Food Is Wasted? Way Too Much


Up to 70% of the food we produce is wasted through spoilage, inefficient processing and preparation, and plate waste.


We have greatly increased the efficiency of food production.


But the efficiency of food consumption is still low. According to the FAO, as much as 70% of the food we produce is lost through spoilage, inefficient processing and preparation, and plate waste. Even affluent countries such as the United States, Canada, Switzerland, Italy, and Belgium waste nearly 60% of their food. Cutting such losses in half would go a long way in meeting global food needs and reducing the environmental impact of agriculture. How much of the food on your plate is wasted?


14-7 PRODUCING MORE MEAT


How Are Rangelands Used to Produce Meat?


Grass and Shrubs for Livestock


Much of the rangeland that makes up 40% of the world’s ice-free land is used to raise livestock.


Most analysts call for an increase in meat production because we will need more meat to feed the projected increase in the world’s population. Also, when incomes rise, meat consumption per person usually increases.


Rangelands are grasslands in temperate and tropical climates that supply forage or vegetation for grazing (grass-eating) and browsing (shrub-eating) animals.


Almost 4 billion cattle, sheep, and goats graze on about 42% of the world’s rangeland. Livestock also graze in pastures: managed grasslands or enclosed meadows usually planted with domesticated grasses or other forage.


Most rangeland grasses have a deep and complex network of roots (Figure 4-27, top right, p. 75) that help anchor the plants. Blades of rangeland grass grow from the base, not the tip. Thus as long as only the upper half is eaten, rangeland grass is a renewable resource that can be grazed again and again.


Moderate levels of grazing are healthy for grasslands because removal of mature vegetation stimulates rapid regrowth and encourages greater plant diversity.


If not overdone, disturbance of the soil surface by the hooves of grazing animals allows more rainfall to reach the roots of rangeland grasses. The key to the health of rangeland is to prevent both overgrazing and undergrazing by domesticated livestock and wild herbivores.


Is Producing More Meat the Answer? More Protein at the Expense of the Environment


Meat and meat products are important sources of protein, but meat production has many harmful environmental effects.


Meat and meat products are good sources of high quality protein. Between 1950 and 2003, world meat production increased more than fivefold, and per
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capita meat production more than doubled. It is likely to more than double again by 2050 as affluence rises in middle-income developing countries and people begin consuming more meat.


Some analysts expect most future increases in meat production to come from densely populated feedlots, where animals are fattened for slaughter by feeding on grain grown on cropland or meal produced from fish. Feedlots account for about 43% of the world’s beef production, half of pork production, and almost three-fourths of poultry production.


In the United States, most production of cattle, pigs, and poultry is concentrated in increasingly large, factory-like production facilities in only a few areas.


As many as 100,000 cattle may be confined to a single feedlot complex and 10,000 hogs may be crowded almost shoulder to shoulder in a giant barn.


This industrialized approach increases meat productivity.


But it has a number of harmful environmental effects. Animal wastes from such facilities are typically stored in enormous open lagoons, which can rupture or leak and contaminate groundwater and nearby streams and rivers. In 1999, for example, torrential rains from Hurricane Floyd caused a number of hog and poultry waste lagoons in southeastern North Carolina to over-
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The meat-based diet of affluent people in developed and developing countries has a number of harmful environmental effects. More than half of the world’s cropland (19% in the United States) is used to produce livestock feed grain (mostly field corn, sorghum, and soybeans). Livestock and fish raised for food also consume about 37% of the world’s grain production and 70% of grain production in the United States.


Meat production uses more than half the water withdrawn from the world’s rivers and aquifers each year. Most of this water is used to irrigate crops fed to livestock and to wash away animal wastes.


According to Canadian scientist Vaclav Smil, producing one calorie of energy in the flesh of a cow, pig, or chicken requires 11–15 calories of feed. The energy needed to produce a single hamburger is enough to drive a small car about 32 kilometers (20 miles).


About 14% of U.S. topsoil loss is directly associated with livestock grazing. Cattle belch out about 16% of the methane (a greenhouse gas about 25 times more potent than carbon dioxide) released into the atmosphere. Also, some of the nitrogen in commercial inorganic fertilizer used to grow livestock feed is converted to nitrous oxide, a greenhouse gas released from the soil into the atmosphere.


Livestock in the United States produce about 20 times more waste (manure) than is produced by the country’s human population. A single cow produces as much waste as 16 humans. Only about half of this nutrient-rich livestock waste is recycled into the soil. Manure washing off the land or leaking from lagoons used to store animal wastes can kill fish by depleting dissolved oxygen.


Chickens, pigs, and cows use about 70% of the antibiotics consumed in the United States. According to the World Health Organization and the FAO, widespread use of antibiotics in the livestock industry is increasing the development of microbes that are genetically resistant to widely used antibiotics. This makes it harder to fight infectious diseases in both humans and livestock animals. In 2004, McDonalds began requiring its chicken suppliers to stop giving their birds antibiotics to promote growth.


Producing meat can also endanger wildlife species. According to a 2002 report by the National Public Lands Grazing Campaign, livestock grazing in the United States has contributed to population declines of almost a fourth of the country’s threatened and endangered species.


Critical Thinking


Are you willing to eat less meat or not eat any meat? Explain.


Some Environmental Consequences of Meat Production


CONNECTIONS


flow and spill their wastes into local rivers. Living near a feedlot or animal waste lagoon is also a nasal assault.


Expanding feedlot production of meat will increase pressure on the world’s grain supply because feedlot livestock consume grain produced on cropland instead of feeding on natural grasses. It will also increase pressure on the world’s fish supply because about one-third of the world’s fish catch is used to feed livestock. Livestock production also has an enormous environmental impact (Connections, below).


What Are the Effects of Overgrazing?


Eroding Soil and Fewer Livestock


Overgrazing can lead to soil erosion and limit livestock production.


Overgrazing occurs when too many animals graze too long and exceed the carrying capacity of a grassland area. It lowers the net primary productivity of grassland vegetation, reduces grass cover, and when combined with prolonged drought can cause desertification.


It also exposes the soil to erosion by water and wind (Figure 14-20, left) and compacts the soil (which diminishes its capacity to hold water). Overgrazing also enhances invasion of exposed land by woody shrubs such as mesquite and prickly pear cactus. Finally, overgrazing can limit livestock production.


We do not know the condition of much of the world’s rangeland because of a lack of detailed surveys.


However, limited data from surveys in various countries by the FAO indicate that overgrazing by livestock has caused as much as a fifth of the world’s rangeland to lose productivity, mostly by desertification (Figure 14-9).


How Can Rangelands Be Managed More Sustainably to Produce More Meat?


Control and Restore


We can sustain rangeland productivity by controlling the number and distribution of livestock and by restoring degraded rangeland.


The most widely used method for more sustainable management of rangeland is to control the number of grazing animals and the duration of their grazing in a given area so the carrying capacity of the area is not exceeded. However, determining the carrying capacity of a range site is difficult and costly.


Livestock tend to aggregate around natural water sources especially thin strips of lush vegetation along streams or rivers known as riparian zones (Figure 14-21, left) and ponds established to provide water for livestock.


As a result, areas around such water sources tend to be overgrazed and other areas can be undergrazed.


Studies indicate that 65–75% of the wildlife in the western United States depends totally on riparian habitats. According to a 1999 study in the Journal of Soil
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Figure 14-20 Rangeland: overgrazed (left) and lightly grazed (right).


USDA, Natural Resources Conservation Service and Water Conservation, livestock grazing has damaged approximately 80% of stream and riparian ecosystems in the United States.


To help prevent such damage, livestock can be moved from one grazing area to another and riparian areas can be fenced off. Sometimes protected areas can recover in a few years (Figure 14-21, right). Ranchers can also provide supplemental feed at selected sites and locate water holes and tanks and salt blocks in strategic places.


Figure 14-21 Solutions: cattle on a riparian zone of a public rangeland along Arizona’s San Pedro River (left) in the mid-1980s just before this section of waterway was protected by banning domestic livestock grazing for 15 years, eliminating sand and gravel operations and water pumping rights in nearby areas, and limiting access by off-highway vehicles. The right photo shows the recovery of this riparian area at the same time of year after 10 years of protection.


Bureau of Land Management Bureau of Land Management 


A more expensive and less widely used method of rangeland management is to suppress the growth of unwanted invader plants by herbicide spraying, mechanical removal, or controlled burning. A cheaper way to discourage unwanted vegetation is controlled, short-term trampling by large numbers of livestock.


Replanting barren areas with native grass seeds and applying fertilizer can increase growth of desirable vegetation and reduce soil erosion. But this is an expensive way to restore severely degraded rangeland.


How Can We Produce Meat More Sustainably?


Shifting Our Meat Priorities


We can reduce the environmental impacts of meat production by relying more on fish and chicken and less on beef and pork.


Livestock and fish vary widely in the efficiency with which they convert grain into animal protein (Figure 14-22). A more sustainable form of meat production and consumption would involve shifting from less grain-efficient forms of animal protein, such as beef and pork, to more grain-efficient ones, such as poultry and farmed fish (Figure 14-22).


Some environmentalists have called for reducing livestock production (especially cattle) to decrease its environmental effects and to feed more people. This would decrease the environmental impact of livestock production, but it would not free up much land or grain to feed more of the world’s hungry people.


Cattle and sheep that graze on rangeland use a resource (grass) that humans cannot eat, and most of this land is not suitable for growing crops. Moreover, because of poverty, insufficient economic aid, and the nature of global economic and food distribution systems, very little if any additional grain grown on land once used to raise livestock or livestock feed would reach the world’s hungry people.


14-8 CATCHING AND RAISING MORE FISH AND SHELLFISH


Where Do We Get the Fish and Shellfish We Eat? Oceans and Fish Farms


About 88% of the fish and shellfish we eat comes from the ocean or is produced by aquaculture in aquatic feedlots.


The world’s third major food-producing system consists of fisheries: concentrations of particular aquatic species suitable for commercial harvesting in a given ocean area or inland body of water.About55%of the annual commercial catch of fish and shellfish comes from the ocean, mostly from plankton-rich coastal waters.


The rest of the catch comes from using aquaculture to raise marine and freshwater fish like livestock animals in feedlots in ponds and underwater cages and from inland freshwater fishing from lakes, rivers, reservoirs, and ponds. About one-third of the world’s marine fish harvest is used as animal feed, fishmeal, and oils.


Some commercially important marine species of fish and shellfish are shown in Figure 14-23 (p. 298).


Fish and shellfish supply about 7% of the global food supply and are the primary source of animal protein for about 1 billion people, mostly in developing countries.


How Are Fish and Shellfish Harvested?


Hunt and Gather As Much As You Can


High-tech global fishing fleets roam the world’s oceans to find and harvest most of the fish and shellfish we eat.


The world’s commercial marine fishing industry is dominated by industrial fishing fleets using global satellite positioning equipment, sonar, huge nets and long fishing lines, spotter planes, and large factory ships that can process and freeze their catches. Figure 14-24 (p. 299) shows the major methods used for the commercial harvesting of various marine fish and shellfish.


Let us look at a few of these methods. Trawler fishing is used to catch fish and shellfish—especially shrimp, cod, flounder, and scallops—that live on or near the ocean floor. It involves dragging a funnel shaped net held open at the neck along the ocean bottom and weighed down with chains or metal plates.


This scrapes up almost everything that lies on the ocean floor and often destroys bottom habitats— somewhat like clear-cutting the ocean floor. Newer trawling nets are large enough to swallow 12 jumbo jets and even larger ones are on the way! The large mesh of the net allows most small fish to escape but can capture and kill other species such as seals and
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Figure 14-22 Efficiency of converting grain into animal protein.


Data in kilograms of grain per kilogram of body weight added.


(U.S. Department of Agriculture)


endangered and threatened sea turtles. Only the large fish are kept. Most of the fish and other aquatic species—called bycatch—are thrown back into the ocean dead or dying.


Another method, purse-seine fishing, involves catching surface-dwelling species such as tuna, mackerel, anchovies, and herring, which tend to feed in schools near the surface or in shallow areas. After locating a school the fishing vessel surrounds it with a large net called a purse seine. Then they close the net like a drawstring purse to trap the fish. Nets used to capture yellowfin tuna in the eastern tropical Pacific Ocean have killed large numbers of dolphins that swim on the surface above schools of tuna.


Fishing vessels also use longlining. It involves putting out lines up to 130 kilometers (80 miles) long, hung with thousands of baited hooks. The depth of the lines can be adjusted to catch open-ocean fish species such as swordfish, tuna, and sharks or bottom fishes such as halibut and cod. Longlines also hook endangered sea turtles, sea-feeding albatross birds, and pilot whales and dolphins.


With drift-net fishing, fish are caught by huge drifting nets that can hang as much as 15 meters (50 feet) below the surface and be up to 64 kilometers (40 miles) long. This method can lead to overfishing of the desired species and may trap and kill large quantities of unwanted fish and marine mammals (such as dolphins, porpoises, and seals), marine turtles, and seabirds. Since 1992, a UN ban on the use of drift nets longer than 2.5 kilometers (1.6 miles) in international waters has sharply reduced use of this technique. But longer nets continue to be used because compliance is voluntary and it is difficult to monitor fishing fleets over vast ocean areas. Also, the decrease in drift nets has led to increased use of longlines, which often have similar effects on marine wildlife.


Figure 14-25 shows the effects of these now common efforts to increase the seafood harvest. After increasing fourfold between 1960 and 1982, the annual commercial fish catch (marine plus freshwater harvest but excluding aquaculture) has declined and leveled off (Figure 14-25, left). After doubling between 1950 and 1956, the per capita catch leveled off until 1980 and since then has been declining (Figure 14-25, right) and may continue to decline because of overfishing, pollution, habitat loss, and population growth.


Connections: How Are Overfishing and Habitat Degradation Affecting Fish Harvests? Dropping Yields


About three-fourths of the world’s commercially valuable marine fish species are overfished or fished at their biological limit.


Fish are renewable resources as long as the annual harvest leaves enough breeding stock to renew the species for the next year. Overfishing is the taking of so many fish that too little breeding stock is left to maintain numbers.


Prolonged overfishing leads to commercial extinction, when the population of a species declines to the point at which it is no longer profitable to hunt for them. Fishing fleets then move to a new species or a
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Demersal


(mostly bottom dwelling)


Pelagic


(surface dwelling)


Fish Shellfish Crustaceans Mollusks


Hake Sardine Anchovy Krill Oyster Clam Herring Shrimp Haddock Mackerel Lobster Octopus Cod Tuna Crab Squid


Figure 14-23 Some major types of commercially harvested marine fish and shellfish.
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Figure 14-24 Major commercial fishing methods used to harvest various marine species. These methods have become so effective that many fish have become commercially extinct.


Figure 14-25 Natural capital degradation: world fish catch (left) and world fish catch per person (right), 1950–2000. The total catch and per capita catches since 1990 may be about 10% lower than shown here because of the discovery in 2000 that since 1990 China had apparently been inflating its fish catches. (Data from UN Food and Agriculture Organization and Worldwatch Institute)


new region, hoping that the overfished species will recover.


Overfishing is not new. Historical studies indicate that some species were overfished beginning centuries ago. However, overfishing has greatly accelerated with the expansion of today’s large and efficient global fishing fleets.


According to the UN Food and Agriculture Organization, about three-fourths of the world’s 200 commercially valuable marine fish species are either overfished or fished to their estimated maximum sustainable yield. According to the Ocean Conservancy, “we are spending the principal of our marine fish resources rather than living off the interest they provide.” Analysts warn that some of these fisheries are so depleted that even if all fishing stopped immediately it would take up to 20 years for stocks to recover.


Studies by the U.S. National Fish and Wildlife Foundation show that 14 major commercial fish species in U.S. waters such as some groundfishes (Figure 14-26) have been severely depleted. Also, degradation, destruction, and pollution of wetlands, estuaries, coral reefs, salt marshes, and mangroves threaten populations of fish and shellfish.


Good news. In 1995, fisheries biologists studied population data for 128 depleted fish stocks and concluded that 125 of them could recover with careful management. This involves establishing fishing quotas, restricting use of certain types of fishing gear and methods, limiting the number of fishing boats, closing fisheries during spawning periods, and setting aside networks of no-take reserves. So far we are not doing most of these things.


Should Governments Continue Subsidizing Fishing Fleets? Too Many Boats Chasing Too Few Fish


Government subsidies given to the fishing industry are a major cause of overfishing.


Overfishing is a big and growing problem because we have too many commercial fishing boats and fleets trying to hunt and gather a dwindling supply of the most desirable fish.


It costs the global fishing industry about $120 billion a year to catch $70 billion worth of fish. Government subsidies such as fuel tax exemptions, price controls, low-interest loans, and grants for fishing gear make up most of the $50 billion annual deficit of the industry. Without such subsidies, some of the world’s fishing boats and fleets would have to go out of business and the number of fish caught would approach their sustainable yield.


Continuing to subsidize excess fishing allows some fishers to keep their jobs and boats a little longer while making less and less money until the fishery collapses.


Then all jobs are gone, and fishing communities suffer even more—another example of the tragedy of the commons in action. Some of the money could be shifted from subsidies to programs to buy out some fishing boats and retrain their crews.
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Figure 14-26 Natural capital degradation: The harvest of groundfishes (yellowtail flounder, haddock, and cod) in the Georges Bank off the coast of New England in the North Atlantic, once one of the world’s most productive fishing grounds, has declined sharply since 1965. Stocks dropped to such low levels that since December 1994 the National Marine Fisheries Services has banned fishing of these species in the Georges Bank.


The closure helped. By 1999 populations of the major groundfishes began recovering. However, the fishery still remains closed because it has been so severely depleted. (Data from U.S. National Marine Fisheries Service)


What Is Aquaculture? Feedlots of the Sea


Raising large numbers of fish and shellfish in ponds and cages is the world’s fastest growing type of food production.


Aquaculture involves raising fish and shellfish for food like crops instead of going out and hunting and gathering them. It is the world’s fastest-growing type of food production and accounts for about one-third of the fish and shellfish we eat. China, the world leader, produces over two-thirds of the world’s aquaculture output.


There are two basic types of aquaculture. One called fish farming involves cultivating fish in a controlled environment (often a coastal or inland pond, lake, reservoir, or rice paddy) and harvesting them when they reach the desired size.


The other is fish ranching. It involves holding anadromous species such as salmon that live part of their lives in fresh water and part in salt water in captivity for the first few years of their lives, usually in fenced-in areas or floating cages in coastal lagoons and


HOW WOULD YOU VOTE? Should governments eliminate all fishing subsidies? Cast your vote online at http://biology .brookscole.com/miller14.


estuaries. Then the fish are released, and adults are harvested when they return to spawn (Figure 13-14, right, p. 269).


Figure 14-27 lists the major advantages and disadvantages of aquaculture. Some analysts project that freshwater and saltwater aquaculture production could provide at least half of the world’s seafood by 2020. Some also propose increased use of aquaculture to grow single-cell algae such as Spirulina, which is 70% protein.


But other analysts warn that the harmful environmental effects of aquaculture (Figure 14-27, right) could limit future production. Also, some trends in aquaculture could harm ocean fisheries. For example, intensive farming of large carnivorous fish like salmon and trout is replacing traditional aquaculture in which farmed fish such as carp and tilapia eat plants and detritus. This increases overfishing of smaller marine species used to feed farmed carnivorous species. If kept up, this depletion of the seas to feed aquaculture farms could cause the collapse of both marine fisheries and carnivorous aquaculture. Figure 14-28 lists some ways to make aquaculture more sustainable and to reduce its environmental effects. However, even under the most optimistic projections, increasing both the wild catch and aquaculture will not increase world food supplies significantly. The reason is that currently fish and shellfish supply only about 1% of the energy and 6% of the total protein in the human diet.
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14-9 GOVERNMENT AGRICULTURAL POLICY


How Do Government Agricultural Policies Affect Food Production? To Interfere or Not to Interfere


Governments can use price controls to keep food prices artificially low, give farmers subsidies to encourage food production, or eliminate food price controls and subsidies and let farmers respond to market demand.


Agriculture is a financially risky business. Whether farmers have a good year or a bad year depends on factors over which they have little control: weather, crop prices, crop pests and diseases, interest rates, and the global market. Because of the need for reliable food supplies despite fluctuations in these factors, most governments provide various forms of assistance to farmers and consumers.


Governments use three main approaches to do this.


One is to use price controls to keep food prices artificially


Trade-Offs


Aquaculture


Advantages Disadvantages


Large inputs of land, feed, and water needed • Produces large and concentrated outputs of waste • Destroys mangrove forests Increased grain production needed to feed some species • Fish can be killed by pesticide runoff from nearby cropland • Dense populations vulnerable to disease • Tanks too contaminated to use after about 5 years • Highly efficient • High yield in small volume of water Increased yields through crossbreeding and genetic engineering • Can reduce overharvesting of conventional fisheries • Little use of fuel • Profits not tied to price of oil • High profits


Figure 14-27 Trade-offs: advantages and disadvantages of aquaculture. Pick the single advantage and disadvantage that you think are the most important.


Solutions Sustainable Aquaculture


• Reduce use of fishmeal as a feed to reduce depletion of other fish • Improve pollution management of aquaculture wastes • Reduce escape of aquaculture species into the wild • Restrict location of fish farms to reduce loss of mangrove forests and other threatened areas • Farm some aquaculture species (such as salmon and cobia) in deeply submerged cages to protect them from wave action and predators and allow dilution of wastes into the ocean • Set up a system for certifying sustainable forms of aquaculture


Figure 14-28 Solutions: Ways to make aquaculture more sustainable and reduce its harmful environmental effects.


HOW WOULD YOU VOTE? Do the advantages of aquaculture outweigh its disadvantages? Cast your vote online at http://biology.brookscole.com/miller14.


low. This makes consumers happy but means farmers may not be able to make a living.


Another is to give farmers subsidies and tax breaks to keep them in business and encourage them to increase food production. Globally, government price supports and other subsidies for agriculture total more than $300 billion per year (about $100 billion per year in the United States)—an average of more than half a million dollars per minute! If government subsidies are too generous and the weather is good, farmers may produce more food than can be sold. The resulting surplus depresses food prices, which reduces the financial incentive for farmers in developing countries to increase domestic food production—those connections again.


A third approach is to eliminate most or all price controls and subsidies and let farmers respond to market demand without government interference. However, some analysts urge that any phase out of farm subsidies should be coupled with increased aid for the poor and the lower middle class, who would suffer the most from any increase in food prices. Many environmentalists say that instead of eliminating all subsidies we should use them to reward farmers and ranchers who protect the soil, conserve water, reforest degraded land, protect and restore wetlands, conserve wildlife, and practice more sustainable agriculture and fishing.


cides because this eliminates natural predators that help control pest populations and causes pest populations to become genetically resistant to widely used pesticides. Organic farmers or agroecologists also rely more or totally on manure and tilled-in crop residues to help maintain and build soil fertility by increasing its carbon content. This can help reduce runoff and improve water quality.


Studies have shown that low-input organic farming produces roughly equivalent yields with lower carbon dioxide emissions, uses about half as much energy per unit of yield than conventional farming, improves soil fertility, and generally is more profitable for the farmer than high-input farming.


In 2002, agricultural scientists Paul Mader and David Dubois reported the results of a 21-year study comparing organic and conventional farming. Their results and those from other studies have shown that for most crops low-input organic farming has a number of advantages over conventional high-input farming.


They include use of up to 56% less energy per unit of yield, and improved soil health and fertility. Organic farming also provides more habitats for wild plant and animal species and generally is more profitable for the farmer than high-input farming.
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14-10 SUSTAINABLE AGRICULTURE


What Is More Sustainable Agriculture?


Learn From Nature


We can produce food more sustainably by reducing resource throughput and working with nature.


There are three main ways to reduce hunger and malnutrition and the harmful environmental effects of agriculture. One is to slow population growth. Another is to reduce poverty so people can grow or buy enough food for their survival and good health.


The third is to develop and phase in systems of more sustainable or low-input agriculture—also called organic farming or agroecology—over the next few decades. Figure 14-29 lists the major components of more sustainable agriculture. This method of food production uses technologies based on ecological knowledge to increase yields, control pests, and build soil fertility. It relies more on a variety of perennial crops (polyculture) rather than monoculture of annual crops. It recognizes that it is unwise to overuse pesti-


Solutions Sustainable Agriculture


More Less


Soil erosion Soil salinization Aquifer depletion Overgrazing Overfishing Loss of biodiversity Loss of prime cropland Food waste Subsidies for unsustainable farming and fishing Population growth Poverty High-yield polyculture Organic fertilizers Biological pest control Integrated pest management Irrigation efficiency Perennial crops Crop rotation Use of more waterefficient crops Soil conservation Subsidies for more sustainable farming and fishing


Figure 14-29 Solutions: components of more sustainable, low-throughput agriculture.


HOW WOULD YOU VOTE? Should governments phase out subsidies for conventional industrialized agriculture and phase in subsidies for more sustainable agriculture? Cast your vote online at http://biology.brookscole.com/miller14.


Currently, organic farming is used on less than 1% of the world’s cropland (0.2% in the United States) but on 6–10% of the cropland in many European countries.


In 2002, global sales of organic foods amounted to about $23 billion and such sales are growing rapidly in the United States, Canada, and much of Europe.


Most proponents of more sustainable agriculture are not opposed to high-yield agriculture. Instead, they see it as vital for protecting the earth’s biodiversity by reducing the need to cultivate new and often marginal land. They call for using environmentally sustainable forms of both high-yield polyculture (pp. 273 and 278) and high-yield monoculture for growing crops.


How Can We Make the Transition to More Sustainable Agriculture?


Get Serious


More research, demonstration projects, government subsidies, and training can promote a shift to more sustainable agriculture.


Analysts suggest four major strategies to help farmers make the transition to more sustainable agriculture.


First, greatly increase research on sustainable agriculture and improving human nutrition. Second, set up demonstration projects throughout each country so farmers can see how more sustainable agricultural systems work. Third, provide subsidies and increased foreign aid to encourage its use. Fourth, establish training programs in sustainable agriculture for farmers and government agricultural officials and encourage the creation of college curricula in sustainable agriculture and human nutrition.


Phasing in more sustainable agriculture involves applying the four principles of sustainability (Figure 9-15, p. 174) to producing food. The goal is to feed the world’s people while sustaining the earth’s natural capital and living off the natural income it provides. This will not be easy, but it can be done. Figure 14-30 lists some ways you can promote more sustainable agriculture.


The sector of the economy that seems likely to unravel first is food. Eroding soils, deteriorating rangelands, collapsing fisheries, falling water tables, and rising temperatures are converging to make it difficult to expand food production fast enough to keep up with the demand.


LESTER R. BROWN


CRITICAL THINKING


1. Summarize the major economic and ecological advantages and limitations of each of the following proposals for increasing world food supplies and reducing hunger over the next 30 years: (a) cultivating more land by clearing tropical forests and irrigating arid lands, (b) catching more fish in the open sea, (c) producing more fish and shellfish with aquaculture, and (d) increasing the yield per area of cropland.


2. List five ways in which your lifestyle directly or indirectly contributes to soil erosion.


3. What are the three most important actions you would take to reduce hunger (a) in the country where you live and (b) in the world?


4. Some have suggested that rangelands could be used to raise wild grazing animals for meat instead of conventional livestock. Others consider it unethical to raise and kill wild herbivores for food. What do you think? Explain.


5. Should governments phase in agricultural tax breaks and subsidies to encourage farmers to switch to more sustainable farming? Explain your answer.


6. Explain why you support or oppose greatly increased use of (a) genetically modified food, (b) perennial food crops, and (c) polyculture.


7. Suppose you live near a coastal area and a company wants to use a fairly large area of coastal marshland for an aquaculture operation. If you were an elected local official, would you support or oppose such a project? Explain. What safeguards or regulations would you impose on the operation?


8. Congratulations! You are in charge of the world. List the three most important features of (a) your agricultural policy, (b) your policy to reduce soil erosion, and (c) your policy for more sustainable harvesting and farming of fish and shellfish.


PROJECTS


1. Conduct a survey of soil erosion and soil conservation in and around your community on cropland, construction sites, mining sites, grazing land, and deforested land. Use these data to develop a plan for reducing soil erosion in your community.
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Figure 14-30 What can you do? Ways to promote more sustainable agriculture.


Sustainable Agriculture


• Waste less food • Reduce or eliminate meat consumption • Feed pets balanced grain foods instead of meat • Use organic farming to grow some of your food • Buy organic food • Compost your food wastes


What Can You Do?


2. If possible, visit both a conventional industrialized farm and an organic or low-input farm. Compare (a) soil erosion and other forms of land degradation, (b) use and costs of energy, (c) use and costs of pesticides and inorganic fertilizer, (d) use and costs of natural pest control and organic fertilizer, (e) yields per hectare for the same crops, and (f) overall profit per hectare for the same crops.


3. Try to gather data evaluating the harmful environmental effects of nearby agriculture on your local community.


What is being done to reduce these effects?


4. Use health and other local government records to estimate how many people in your community suffer from undernutrition or malnutrition. Has this problem increased or decreased since 1980? What are the basic causes of this hunger problem, and what is being done to alleviate it? Share the results of your study with local officials, and present your own plan for improving efforts to reduce hunger in your community.


5. Make a list of all the food you eat in one day and read all labels or look up the amount of calories, fat, protein, and carbohydrates in each food. Then determine how many calories you took in that day and the percentage of your diet from fat, protein, and carbohydrates. Rate your diet as healthy, borderline healthy, or unhealthy. Compare your results with those of your classmates.


6. Use the library or the Internet to learn about the four types of vegetarians and the advantages and disadvantages of a vegetarian diet in terms of your health and the environment.


7. Use the library or the Internet to find bibliographic information about Aldo Leopold and Lester R. Brown, whose quotes appear at the beginning and end of this chapter.


8. Make a concept map of this chapter’s major ideas, using the section heads, subheads, and key terms (in boldface type). Look on the website for this book for information about making concept maps.


LEARNING ONLINE


The website for this book contains study aids and many ideas for further reading and research. They include a chapter summary, review questions for the entire chapter, flash cards for key terms and concepts, a multiple-choice practice quiz, interesting Internet sites, references, and a guide for accessing thousands of InfoTrac® College Edition articles. Log on to


http://biology.brookscole.com/miller14


Then click on the Chapter-by-Chapter area, choose Chapter 14, and select a learning resource.
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