INTRODUCTION
ABOUT 10,000 YEARS ago, an agricultural revolution transformed society by allowing families and communities to produce, for the first time, more food than they needed. People accomplished this through the development of tools such as the plow and practices such as fertilization, irrigation (Figure 15.1), and selective breeding.
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[[Insert Figure 15.1 here]]
These advances made it possible for just a few individuals to feed large numbers of people, thus freeing people to pursue other activities than food growing.
As in biotechnology and chemical technology, worldwide events led to rapid advances in agricultural technology. The Industrial Revolution led to the mechanization of agriculture, starting with steam engines and leading to the highly specialized fuel-powered agricultural machines of today (see Figure 15.2).
World War I saw the development and large-scale production of ammonia for explosives, which led to the development and production of nitrogen-based fertilizers. World War II stimulated the development of the chemical warfare agent nerve gas, which provided the chemical basis for the production of pesticides that increased agricultural productivity by decreasing crop loss due to insect damage. These advances in fertilizer and pesticides allowed growers to produce more crops using less land and became known as intensive agriculture. Intensive agricultural techniques produced large food surpluses, and the trend became known as the Green Revolution (1955–1985).

[[Insert Figure 15.2 here]]

It was hoped that these surpluses would end worldwide famine. However, even though food was distributed to countries that could not feed their masses, famine, as a result of poor farming practices and war, continued, and it still persists today. Negative side effects of the Green Revolution’s intensive farming and ranching also became apparent. For example, in her famous book Silent Spring, Rachel Carson documented the dangers of using the pesticide DDT (dichloro-diphenyl-trichloroethane) (Figure 15.3). As with many pesticides developed during the Green Revolution, it was considered a “miracle chemical,” as it decreased the incidence of insect-borne diseases such as malaria and wiped out crop pests.
[[Insert Figure 15.3 here]]

However, DDT use also caused the rapid decrease in populations of predatory birds such as the bald eagle. Researchers found that when animals, such as mice, ingest DDT-contaminated crops or plants near the sprayed fields, the pesticide accumulates in the animals’ fat tissue. Predatory birds, such as the eagle, eat these animals, resulting in DDT accumulating in their tissues, which weakens their egg shells (Figure 15.4). The eggs are then inadvertently broken by the parents, decreasing the number of viable offspring. Eventually, DDT use was banned and predatory bird populations have increased. However, now that the incidence of malaria is on the rise in third world countries, people are considering using DDT again.

[[Insert Figure 15.4 here]]
No one disputes that advances in agricultural technology have allowed the farmer to produce more food than the overall world demand. In fact, many believe that intensive farming and ranching are necessary so that less land needs to be devoted to agriculture to support the ever-growing human population. However, people are now asking, “What will be the final price for the alteration of land, plants, and animals to meet the goal of feeding the masses?” As humankind moves from the Green Revolution to the Agricultural Gene Revolution, otherwise known as the biotechnology era, these questions and others will need to be answered.

SECTION 1: From Green Revolution to the Agricultural Gene Revolution

[[Start Key Ideas Box here]]

KEY IDEAS >
· Agriculture includes a combination of businesses that use a wide array of products and systems to produce, process, and distribute food, fiber, fuel, chemicals, and other useful products.

· Biotechnology has applications in such areas as agriculture, pharmaceuticals, food and beverages, medicine, energy, the environment, and genetic engineering.

[[End Key Ideas Box here]]
Agriculture includes a combination of businesses that use a wide array of products and systems to produce, process, and distribute food, fiber, fuel, chemicals, and other useful products. It refers not only to growing plants and trees for food, but also to growing trees for construction materials, cork, rubber, and fuel; plants for their medicinal chemicals; and fiber such as cotton. Agriculture also includes large-scale processing of animals and crops such as pork for bacon and tomatoes for tomato sauce. Finally, agriculture includes storage and transportation of these products—for example, giant grain silos and the packaging and transportation of bananas from South America via cargo ship. (See Figure 15.5.)

Plants and Trees: Cheap Production of Food

In order to provide food for us and other animals, agriculture relies on the processes plants use to live. To live, plants use the sun’s energy (light) to convert carbon dioxide and water into sugar and energy-storage compounds. This process is known as photosynthesis (see Figure 15.6). Then, in a process known as respiration, plants use these sugars to produce energy and make products such as proteins and fats. Animals produce proteins and fats by eating plants containing these sugars. Because plants are the initial source for food, they are known as the primary producers. Animals are known as the secondary producers since they eat plants for food. Plant processes to make food are generally inexpensive compared to animal processes since food must be grown and purchased to feed animals. This is why plant protein, such as beans, is commonly cheaper to purchase than animal protein, such as steaks and hamburger.
[[Insert Figure 15.5 here]]

[[Insert Figure 15.6 here]]

Agriculture Takes Center Stage Since food is a necessity, agriculture takes center stage in society. It is not surprising that people historically have taken a keen and emotional interest in questions such as “Is the food safe and nutritious?” or “Can my family and I get enough food?” Because we can now get food products from all over the world, another question is becoming important: “Where does this food come from?” Less critical questions reflect how food is integrated into everyday life and special events: “Should we prepare food for the party or buy it premade?” or “Where can I get my favorite coffee?” Another question has affected people for generations: “What food dishes are we going to make for the holiday?”

[[Insert Figure 15.7 here]]

People everywhere ask these questions, reflecting how food is both necessary and integrated into everyday life and special events around the world (see Figure 15.7). If you are a goat herder in the Ahaggar region of the Sahara (Figure 15.8), an important question could be, “How long can I store fermented milk in my animal-skin sack before it goes bad?” (The answer: You can store it for ten days in winter, but only for five to six days in the summer. The cold weather of winter suppresses the bacterial growth that causes the milk to sour).

[[Insert Figure 15.8 here]]

Inputs: Moving from Green to Gene

Due to the central role food plays in people’s lives, it is not surprising that the Green Revolution and now the Agricultural Gene Revolution both focus on the mass production of food. Both of these revolutions require purchased inputs to succeed. An input is an item that is required for or improves the nature of the agricultural process, for example, a tractor or fertilizer.
Originally, inputs on the farm were derived from the farm itself. All of the grain that the cows on a particular farm ate was produced by that farm, as was all of the fertilizer it used; the farmer did not have to buy any of these items. With the Green Revolution and the development of large-scale, intensive farming and ranching, purchased inputs such as fertilizer and grain became necessary to increase yields.
But agricultural inputs are not limited to materials dug into the soil or sprayed on crops. Other inputs come from the larger economic, political, and scientific environment. These include government policy and new, more efficient farming techniques, as well as plant and animal breeding technology.

Governmental Inputs

Not all farm inputs are purchased. When it distributes land to people, government supplies inputs that promote agriculture, too. In the United States, the Homestead Act of 1862 gave 160 acres of land, free of charge, to any adult citizen who would live on the land for five years and develop it (see Figure 15.9). The key words are “free” and “develop.” People could not just subsist on the land; they were required to develop it—and they did so, producing livestock, wheat, and a variety of cash crops.
Interestingly, the U.S. government did not just distribute land for growing crops and ranching; another purpose was to encourage education in agriculture and the mechanical arts. Another important act that promoted both agricultural research and a college education for the public was The Morrill Act, also known as the Land Grant Act. It was passed by Congress and signed into law in 1862 by then-President Abraham Lincoln. Before this act, college was reserved for a select and scholarly few, who usually went to school to study Latin, logic, and other classical topics. This act allowed the federal government to give land to each state with the stipulation that it was to be sold and the funds used by the states to establish colleges of agriculture and mechanical arts (see Figure 15.10). Examples of land-grant colleges that have traditionally focused on agriculture and mechanical arts that were established as a result are Kansas State University, Purdue, Rutgers, Cornell, Texas A&M, and Iowa State.

[[Insert Figure 15.9 here]]

[[Insert Figure 15.10 here]]

Both of these acts stimulated agriculture in the United States and helped to make it a leader in the Green Revolution and now the Agricultural Gene Revolution.
Governments still support agriculture. As described in the Technology in the Real World box, governments worldwide subsidize (grant money for) the production of crops and livestock. Many countries believe that it is important for their national security to maintain farming and ranching within their own borders so as not to develop a dependence on foreign countries for basic foods such as meat and bread. Without such resources, these countries would face the same problems as many countries that now rely on foreign oil. However, there are major problems as a result of this attitude.

TECHNOLOGY IN THE REAL WORLD:
Farm Subsidies and Homeland Security: How Are They Related?

The United States government subsidizes farmers and ranchers. Why? The government believes that the nation cannot afford to depend totally on other countries for the production of necessary foods, even if other countries can make them more cheaply. As a result, grain farmers in the United States are subsidized by the government so that they will continue to grow grain, even though farmers in other countries can grow it more cheaply. Moreover, since these farmers are being paid to grow grain, they can sell it more cheaply, than other countries, so European animal industries prefer buying American grain for feed, even though the European Union produces a grain surplus. This allows European companies to sell their animal products for a cheaper price, meaning cheaper steak and eggs for the consumer. What happens to the grain surplus in Europe? Because transporting it costs too much, it is simply dumped.

Types of Farming and Ranching

As indicated in the introduction, world events and scientific discoveries led to advances in agriculture, such as the purchased inputs fertilizer and oil. However, not all of the agriculture that is practiced in today’s world requires purchased inputs, Before reviewing some of the purchased inputs that led to the green and agricultural gene revolutions, consider some of the different types of farming and ranching that exist in today’s world (see Figure 15.11). The list in Table 15.1 starts with the least intensive type of farming or ranching, known as “subsistence,” and moves towards to the most complex, known as “pharming.”

[[Insert Table 15.1 here]]

[[Start Table 15.1 here]]

Table 15.1 | Types of Farming and Ranching

	TYPES
	DESCRIPTION / EXAMPLES

	Subsistence
	Mainly practiced in developing countries. The farmer only produces what the family needs in order to eat. These farmers commonly do not use a lot of “purchased inputs” to grow plants.

	Community and Family
	Practiced in many cities worldwide, where people plant vegetables and other plants for food and enjoyment. In a community garden, people rent space for individual plots.

	Crop
	Fruits, such as apples; vegetables, such as corn; grains, such as rye.

	Seed
	Production of seed, for example, wheat, soybeans, and corn.

	Livestock
	Dairy, meat.

	Organic
	Standards are established by governmental regulation agencies, such as USDA, FDA (e.g., no genetically modified plants or nonnatural pesticides).

	Ornamental and Turfgrass
	Production of both indoor and outdoor flowering and non-flowering plants and the commercially important group, turfgrasses.

	Aquaculture
	Production of shrimp, fish, including genetically modified fish, and shellfish.

	Hydroponics
	The growing of plants in nutrient solutions without soil. Plants can be grown in areas where the soil or climate is not suitable for the crop (e.g., tomatoes for winter use) and in a controlled environment, decreasing pest destruction.

	Pharming
	Gene-cloned drugs are produced in plants such as corn, tobacco, or bananas. The gene responsible for spider silk is placed in a goat’s DNA (cloned) such that it can be isolated from goat’s milk.


[[End Table 15.1 here]]

[[Insert Figure 15.11 here]]

[[Insert Figure 15.12 here]]
As you have learned, agricultural mechanization was an important factor leading to the Green Revolution. It allowed for the development of large farms, automated equipment, specialized farming such as hydroponics, and, through selective breeding, pest resistant plants and improved cows, turkeys, chickens, and other animal species. The next several sections review many of the purchased inputs that were and are part of the Green Revolution and now the Agricultural Gene Revolution.

Farm Machinery

First seen in the Industrial Revolution, farm machinery played a major role in the Green Revolution, and continues to play a significant part in farming today. Machines were developed and optimized based on the particular phase of farming or ranching (for example, tilling, or harvesting) and the farming of specific crops (such as tomatoes or corn) or ranching of specific animals (cows or sheep). In farming the four major processes for crop production, in order, are tilling (preparing the soil), planting, which could including fertilizing at the same time, growing, which includes pest and weed control, and irrigation, harvesting and storing, which includes transportation to market. Examples of this equipment are shown in Figure 15.12.

Facilities for Animals

The industrialization of livestock production allowed the farmer and rancher to efficiently raise huge numbers of animals. Figure 15.13 shows how special facilities for producing chickens and eggs can produce high yields. Many animals are kept in close quarters, fed to maximize size, and harvested as soon as they are market ready.
[[Insert Figure 15.13 here]]
Many animals are raised using intensive techniques, including fish and other aquatic life. Harvesting the ocean’s bounty started in natural fisheries that occur in nature without human intervention. Fishing in these areas was so successful, however, that some fish populations were reduced beyond recovery. Aquaculture is one answer to this problem. Aquaculture creates and manages controlled water environments to harvest usable plants and animals (see Figure 15.14). Aquaculture farms raise several aquatic species, including catfish, salmon, steelhead trout, clams, crabs, shrimp, prawn, and crayfish, in addition to algae and seaweed.

[[Insert Figure 15.14 here]]

[[Insert Figure 15.15 here]]

Other examples of specialized facilities and equipment for animals include automated milking machines, for example, the Voluntary Milking System (VMS). Developed in the 1980, the VMS milks cows without any direct human intervention (Figure 15.15), freeing the farmer’s time for other tasks.
Precision Farming

Another technological advance that has increased yields and reduced costs is precision farming. Precision farming uses the global positioning system (GPS) for the purpose of navigation. GPS, originally established by the U.S. Department of Defense, consists of twenty-four satellites orbiting the earth. GPS can determine positions anywhere on Earth twenty-four hours a day, and it collects precise data to guide field operations. For example, it can precisely map information for a particular field, such as nitrogen levels or insect concentrations. This information can be used to precisely and automatically apply fertilizer or pesticide to correct the problem, saving time and costs (see Figures 15.16–15.19).
Laser technology is also used to survey fields and to level land to improve drainage and increase productivity. In laser land-leveling, laser beams transmitted from a base located in a field transmit signals to a receiver connected to earth-moving equipment. Based on the information received, the equipment digs into or adds soil to equalize elevation differences.
[[Insert Figure 15.16 here]]

[[Insert Figure 15.17 here]]

Information Technology and Precision Farming

On large farms, farmers use remote sensing of land and crops by satellite or airplanes in order to adjust irrigation water, adjust fertilizer application, and to determine whether, and where, to spray for pests. This technology is based on how plants reflect and absorb light differently depending upon on leaf color. Leaf color can change due to many factors, such as nitrogen concentration, hydration, and time of year. For example, a lack of nitrogen (i.e., fertilizer) can make leaves turn yellow. A lack of hydration (water) can turn leaves a duller green. Remote sensors can record these changes in light absorption. To use this technology effectively, a farmer first establishes a baseline signature for healthy plants, and then compares it to later signatures to determine if fertilizer is necessary or if the plants need to be watered.
[[Insert Figure 15.18 here]]

[[Insert Figure 15.19 here]]

Fertilizers

Traditionally, farmers relied only on manure and crop rotation to keep their land fertile. Later they found that ground bones and rock phosphate enhanced crop production. These traditional methods were replaced by nitrogen-based fertilizers developed after World War I, which became a staple of the Green Revolution. However, as new technologies, such as gene cloning and precision farming, are introduced in developed countries, fertilizer applications decrease. Some genetically modified crops require less nitrogen. Precision farming pinpoints the location and amount of fertilizer needed, therefore decreasing overall usage. However, in developing countries that do not practice these new technologies, fertilizer use is increasing.
Treating Plant Diseases with Herbicides, Pesticides, and Chemicals Agricultural pests include weeds, insects, and plant diseases. The Green Revolution saw the development of herbicides that could kill weeds or prevent them from germinating; the development of chemicals to treat plant diseases; and the development of pesticides, such as DDT, that killed crop-eating and disease-transmitting insects. As a result of good pest management, crop yields increased dramatically. In 1850, a single farmer in the United States could only support himself and four people; but currently a farmer can make enough food for 140 people.
To control pests, farmers and ranchers began practicing what is known today as integrated pest management. Integrated pest management (IPM) is a pest-control strategy that relies on multiple control practices instead of just one. It establishes the amount of damage that can be tolerated before control actions are taken. For example, the corn borer is a major pest (see Figure 15.20). Suppose a farmer has planted 100 acres of corn and finds ten borers in a thirty corn-cob sample. The farmer knows that since the plants are six feet high, harvesting will begin fairly soon. Should the farmer treat the field with insecticide? The farmer has to balance the amount of presumed damage this concentration of borer will do before harvest—and therefore how much money will be lost as a result of the damage—with how much money it will cost to treat the field with insecticide.
From 1940 to 1972 farmers using this type of management relied primarily on chemicals because they produced such great results at low cost. However, the negative effects of these chemicals on the ecosystem were eventually realized, and now farmers try to use other options in the integrated pest management approach. These options include natural biological agents (such as ladybugs, see Figure 15.21), genetically modified plants that are more pest resistant (Bt-corn), and other agricultural practices such as cultural control (i.e., soil tillage, crop rotation, adjustment of harvest or planting dates, and irrigation schemes). Even though IPM most is most commonly applied against pests, it is also used against weeds and plant diseases.

[[Insert Figure 15.20 here]]

[[Insert Figure 15.21 here]]

Weeds are plants that are considered to be growing out of place and are undesirable because they compete with desirable plants for water and nutrients. Roundup® is an herbicide that is taken up by plant and tree leaves, killing them by inhibiting the production of important amino acids. This herbicide, developed in 1974 by Monsanto, is used worldwide to kill weeds. However, it also kills crops, so it cannot be sprayed aerially; it has to be applied row by row only to the weeds. While this process is labor-intensive, it is still better than manually pulling weeds or letting them grow. However, with the development of genetically altered Roundup Ready® crops (crops that tolerate Roundup®), the herbicide can be aerially sprayed over these altered crops, killing the surrounding plants that cannot tolerate it.
As with other pests, eventually this practice selects for a weed that can naturally resist the herbicide and the value of the Roundup Ready® crops is diminished. Already, there are pests, insects, plant diseases, and weeds that are resistant to the chemicals made by technology, forcing researchers, farmers, and ranchers to try other approaches as part of integrated pest management.

Irrigation Technology

Irrigation has become an important agricultural practice during the past forty years and accounts for much increased food production. Although only 18 percent of the world’s arable land is irrigated, this land produces 40 percent of our food. Irrigated land is highly productive but is limited to areas where there is enough available water (see Figure 15.22). Moreover, irrigation in some parts of the world leads to increasing deposits of salts that were dissolved in the irrigation water, and the land gradually becomes less productive.
[[Insert Figure 15.22 here]]

New Varieties of Animals and Plants

Technology in the form of selective breeding and genetic engineering has produced new animals and plants.

Selective Breeding Farmers and ranchers have been practicing selective breeding for a long time (see Figure 15.23). Selective breeding refers to the process of choosing animals or plants that have desirable characteristics, such as size, color, or behavior, and breeding them to produce a next generation that will have those characteristics. Over the centuries, it has been used to develop improved varieties of crops and animals, whether it is a sweeter ear of corn or a larger cow for beef production. For example, if a rancher wanted a bigger cow for meat production, he would select the biggest female and male in his herd and breed them to produce a larger breed of cattle.

Genetic Engineering Biotechnology has applications in such areas as agriculture, pharmaceuticals, food and beverages, medicine, energy, the environment, and genetic engineering. In genetic engineering, biotechnology has dramatically increased the speed of selective breeding. For example, BT-corn is genetically engineered corn that contains a pesticide made originally in a bacterium. There are numerous types of RoundUp Ready crops available to the farmer (for example, soy and canola). Other examples are genetically engineered cows that produce more milk, as well as genetically modified salmon (GM) that grow ten times faster than regular salmon.
Transgenic animals are produced by taking the gene of choice from one animal and putting it into an egg that has been removed from a different animal. The egg is then implanted into a surrogate mother. For example, Figure 15.24 shows how transgenic spider silk protein is produced in goats. When these transgenic goats grow up, the spider silk protein is produced in their milk. The milk is collected, and the silk protein is obtained by biochemical separation techniques. This transgenic animal was patented by Dr. Randy Lewis of the University of Wyoming.

[[Insert Figure 15.23 here]]

[[Insert Figure 15.24 here]]

Pharming: Using Genetically Engineered Organisms to Make Products Besides becoming better food sources, animals and plants are being genetically modified to produce other products. This process is known as pharming. In the early 1900s, a song titled “Old McDonald Had a Farm” described the typical animals you might find on a farm—cow, goat, duck, horse, and so on. Old McDonald’s farm will never be the same thanks to the Agricultural Gene Revolution. The farm of today and tomorrow could include genetically engineered transgenic cows that possess the genetic codes for a human blood clotting factor, or, as described previously, genetically engineered goats that possess the gene for spider silk.
The production of transgenic plants and animals has countless possibilities: cloned vaccines in transgenic chicken eggs or bananas; cloned drugs in genetically engineered tobacco plants; and many others. Since plants require only the fundamental inputs of water, minerals, sunlight, and carbon dioxide to grow, they make inexpensive chemical factories. Plants are produced for biofuels and as feedstock for making plastics. In addition, like bacteria or mammalian cells, plants can be genetically modified to make protein products.
Besides being grown to obtain a single protein, animals are also being grown for the purpose of harvesting their organs to be transplanted in human beings. For example, pig heart valves are already used routinely in human patients. Researchers are working on genetically altering pigs so that their hearts can be transplanted into humans without being rejected (Figure 15.25). Transplantation of organs between different species is defined as xenotransplantation.

[[Insert Figure 15.25 here]]

Cloning Animals Selective breeding to produce offspring with desirable characteristics is often accomplished through artificial insemination, in which the semen of an animal with desired traits is transferred to a female. Artificial insemination also prevents animals from being injured during mating. However, breeding prized animals using this process does not ensure the reliable duplication of desired characteristics. This uncertainty became the impetus for cloning (producing duplicate) animals. In this case, the DNA of a desirable animal is used to replace the DNA of an unfertilized egg. The egg is then fertilized in a petri dish and implanted into a surrogate female animal. The first animals to be cloned were livestock, such as Dolly the sheep; prize bulls; and quarter horses. Now even house pets are cloned. Interestingly, owners of cloned animals have discovered that these animals do not behave exactly the same way as their original pets. However, this result is not unexpected, as identical twins do not necessarily act exactly the same even though they share identical DNA.

At first, researchers did not realize that using an older animal’s DNA results in a cloned animal that has the characteristics of “old” DNA. This was the case for Dolly the sheep. The DNA used in cloning Dolly was from a six-year-old sheep. Researchers feel that her death at six years of age, half the average life span for a sheep, was a result of using “old DNA.”

How is the cloning process done? Review Figure 15.26 to find out.
New varieties of plants and animals produced by genetic techniques hold great promise for supplying pharmaceuticals, food, and materials in the next century. However, many practical and ethical barriers need to be overcome before (and if) these products become part of our everyday lives.

[[Insert Figure 15.26 here]]

[[Start ENGINEERING QUICK TAKE here]]

ENGINEERING QUICK TAKE
Patents and Genetically Engineered Crops

A landmark Canadian legal case in 2000, Monsanto Canada vs. Schmeiser, raised the issue of patent rights for biotechnology. A Canadian farmer, Percy Schmeiser, was sued by Monsanto Canada for infringing upon their patent rights.

Monsanto, an agricultural chemicals business, develops genetically modified seed lines with pesticide and herbicide resistance. Its genetically modified seeds are patented. Based on a time-honored tradition, farmers like Schmeiser typically collect seeds from good crops and save them as stocks for future plantings. By doing this, farmers and ranchers have selected for the best plants to grow in their area. The practice saves money, as well, as new seed need not be purchased each year. Over several years, Schmeiser built up a large stock pile of seed from which he took just enough to use annually. He did not purchase or use a genetically modified seed.

On the other hand, Schmeiser’s neighbors purchased Monsanto’s patented Roundup Ready® rapeseed (canola), shown in Figure 15.27. Some of this seed was accidentally wind dispersed from trucks as it was being transported; the seeds ended up on Schmeiser’s property. He noticed that Roundup-resistant rapeseed plants were growing on his property and among his own plants when he sprayed for weeds; he noticed that these plants were not affected when he sprayed Roundup on them. He did not destroy those plants. As usual, he harvested crops and collected seed, which he added to his seed stock. Monsanto found out about this, went onto his land without his knowledge, and collected these plants as evidence for their suit against him. The Canadian Supreme Court found in favor of Monsanto and said that he must destroy all of his seed stock and pay Monsanto. Monsanto also sued other farmers but eventually dropped many of these lawsuits, especially when these events were repeated elsewhere in the world, and as these farmers started to purposely collect the seeds.
Monsanto has now developed “terminator gene technology” which makes genetically-modified seeds sterile after that first planting. This was done in response to environmental concerns that genetically modified plants, such as Bt-corn, could harm beneficial insects and accidentally spread the pesticide gene into the wild. Bt is a naturally occurring pesticide made by a bacterium. Bt crops have been genetically modified to produce this pesticide so that particular pests, such as corn borers, will die when they eat the plant. In addition, this technology also prevents spread of the herbicide gene (i.e., resistant to RoundUp). This means that farmers can only grow one crop of genetically modified seed. If they want more of these plants, they have to buy more seed.
[[End ENGINEERING QUICK TAKE here]]
[[Insert Figure 15.27 here]]
[[Start SECTION ONE FEEDBACK here]]

SECTION ONE FEEDBACK >
1.
List three agricultural advances resulting from the Industrial Revolution and the World Wars.

2.
Two of the new types of farming and ranching in the twenty-first century are aquaculture and hydroponics. Explain what they are and find one product for each type in markets in your city. Research these two products and explain how they were produced.

3.
Give two examples of intensive agriculture that result in food products that are an essential part of the diet of many of the world’s people.

4.
Give an example of how information technology is used in agriculture to better manage production.

5.
This chapter mentions the development of BT-corn as an example of a genetically engineered crop. On the Internet, find three other crops that have been developed using genetic engineering techniques.

[[End SECTION ONE FEEDBACK here]]

SECTION 2: Agricultural Engineering Today: Problems and Solutions

[[Start Key Ideas Box here]]

KEY IDEAS >
· Conservation is the process of controlling soil erosion, reducing sediment in waterways, conserving water, and improving water quality.
· The engineering design and management of agricultural systems require knowledge of artificial ecosystems and the effects of technological development on flora and fauna.

[[End Key Ideas Box here]]
While today’s agricultural technologies and practices have untold potential for improving human lives, they come with problems—some obvious and some subtle—to which many individuals and governments are striving to find solutions.

Negative Side-Effects of Intensive Agriculture

As you have learned, intensive agriculture can have unintended negative consequences, such as species extinction resulting from DDT use, and water loss resulting from widespread irrigation. This section discusses some additional negative consequences of intensive agriculture.

A Decrease in Plant and Animal Varieties Up until the green revolution, there was a high level of biodiversity, meaning that there were thousands of different varieties of plants in cultivation, each with evolved properties that had unique desirable traits that ensured their survival. However, intensive agriculture has led to a decrease in the number of plant and livestock varieties. Instead, there is a tendency towards monocultures, or raising one type of plant or animal. Monocultures can produce an ecological vacuum in which, if a unique variety is susceptible to a particular pest, the entire population of that variety could be wiped out. For example, live oaks and red oaks are popular trees for ornamental cultivation; however oak wilt, a deadly fungal disease, kills those two species in particular, while leaving other types of oaks unharmed. Because these two species alone, rather than a mixture of oak types, were primarily planted in many areas, their destruction can leave huge gaps in ornamental landscapes. As another case in point, if a monoculture of wheat or corn is totally destroyed by unforeseen conditions or pests (Figure 15.28), widespread famine could result in large numbers in underdeveloped countries where people are already living hand to mouth.

Pesticide and Fertilizer Treadmills Monocultures also lead to the pesticide and fertilizer treadmills, in which, as insects and diseases develop resistance to existing chemicals, more chemicals must be developed to prevent destruction of these few plant and animal varieties. In addition, intensive agriculture means more plants and animals are packed into an area, without adequate time for the ground to lie fallow and restore itself. This is an important practice in agronomics, the science of land management and crop production. As a result of decreased fallow time, farmers must use an increasing amount of fertilizer to maintain soil productivity. This leads in turn to more pollution and greater demand on water resources. These practices also contribute to increased soil salinization (see Figure 15.29) and other types of soil degradation, such as loss of nutrients, minerals, organic matter, and living organisms, as well as changes in pH, which affect availability of minerals. Some minerals, such as iron, precipitate (fall out of solution) with a change in pH making them unavailable for plants to absorb.

[[Insert Figure 15.28 here]]

[[Insert Figure 15.29 here]]

Waste Materials and Inhumane Treatment of Animals The intensive raising of livestock produces a huge amount of waste material that must be treated or recycled as energy and fertilizer. Cows are now so numerous that they have been described as major producers of the greenhouse gas methane, which is four times worse than carbon dioxide in holding in heat when released into the atmosphere. In addition, animal rights groups feel that these huge industrialized animal farms treat the animals poorly. For example, animals are penned up in small spaces to conserve space and, in some cases, to prevent the animal from moving too much and producing a tougher meat product (see Figure 15.30).

[[Insert Figure 15.30 here]]

[[Start The Greenhouse Effect here]]

The Greenhouse Effect

( When sunlight passes through the glass of a greenhouse, it heats the air inside the greenhouse. If the warmed air is not cooled or blown out, heat builds up under the glass. People exploit this effect for the purpose of growing plants in areas of the world that are too cold for the plant, or for growing plants earlier in a season when it is still too cold outside to begin. This same greenhouse effect, known as global warming, is occurring in our Earth’s atmosphere. The gasses that surround the earth act like glass, in that sunlight passes through them and heats the air around the earth. Some gasses keep in more heat than other gasses. These gasses are known as greenhouse gasses. For example, methane and carbon dioxide keep in more heat than nitrogen and oxygen. Scientists are worried that all of the methane and carbon dioxide being released in the atmosphere as a result of industry is going to heat up the atmosphere too much and negatively impact life on earth. (See Figure 15.31.)

[[End The Greenhouse Effect here]]

[[Insert Figure 15.31 here]]

Solutions: Sustainable Agriculture and Conservation Practices

Sustainable farming and ranching, also known as agroecology, is defined by the World Commission on Environment and Development as agriculture that “meets the needs of the present without compromising the ability of future generations to meet their own needs.” The goals of sustainable farming are to produce crops and livestock in a way that is profitable, gives social benefits to farm families and communities, and conserves the environment. The management of soil, water, plants, and animals must be integrated to produce a healthy ecosystem that promotes diversity of plants and animals.
How should agriculture be practiced to ensure sustainability? Today’s and tomorrow’s farmer and rancher need to practice conservation to ensure sustainability of resources for agriculture and otherwise. Conservation is the process of controlling soil erosion, reducing sediment in waterways, conserving water, and improving water quality. Farmers can influence all of these factors through the choices they make in managing their farm assets.
Air Quality Air quality is also important to farmers and ranchers but intensive agricultural practices can lead to excessive carbon dioxide production as a result of burning vegetation to clear forestland or to encourage grass growth (see Figure 15.32). Plus even though some nutrients, such as potassium, phosphate, and calcium, are returned to the soil when forests and grasslands are burned, nitrogen, sulfur, and carbon in the plants disappear into the atmosphere as gasses such as sulfure dioxide and nitrogen oxide. Besides contributing to global warming, the resultant gasses cause acidification of lakes and rivers via acid rain. This type of pollution has destroyed forests in Canada and the northeastern United States.

[[Insert Figure 15.32 here]]

Many believe that global warming is a natural phenomenon and that the increases in greenhouse gasses such as methane and carbon dioxide released by man do not contribute to this warming. However, the overwhelming majority of scientists believe that humankind is accelerating this process as evidenced by the loss and the decrease in size of glaciers (Figure 15.33) and the greater variability in worldwide weather patterns (e.g., droughts, typhoons, frosts, heat waves, and floods).
Water and Soil Quality We live on a world that is mainly covered in water, but most of that water is not suitable for humans to drink. This means we need to conserve the water we can drink and not allow it to become polluted. Good water quality is achieved by proper land management, careful water storage and handling, and appropriate use of water. In agriculture, some of the practices that help maintain soil and water quality are:

[[Insert Figure 15.33 here]]

· Care for gardens and farmlands, improve soil by adding organic matter, mulch plants, and only use the proper amounts and types of lime and fertilizer (precision farming helps with this goal). Only till soil (prepare it for planting) until it will not erode excessively; eroded land loses water quickly. Cover exposed soil with a new crop as soon as possible to prevent soil loss. Typically, farmers and ranchers rotate crops every year or several years to prevent nutrient depletion of the soil (see Figure 15.34). For example, they grow corn for several years in one spot, and then switch to growing crops such as alfalfa in that spot for the next several years, in order to add nitrogen back into the soil (such crops are known as nitrogen fixers). They also plant economically valuable crops together, simultaneously. These combined crops benefit each other’s growth. For example, planting alfalfa and clover with oats is mutually beneficial, because the oats protect the young alfalfa and clover plants. The oats are cut for silage (fermented animal food) when the alfalfa or clover plants are larger; at this point, getting rid of the oat plants stimulates the growth of the other plants. These are later harvested as a hay crop (dry, nonfermented animal food). In addition, alfalfa and clover are nitrogen fixers.
· Control soil erosion caused by wind by planting a tree barrier.

· Control damage by hard rains and water runoff by farming on the contour (following the level of the land around a hill) or by building terraces when farming on steep hillsides (as shown in Figure 15.35).

· Control soil erosion and water loss by mulching (adding a top layer, such as pine needles; or even recycled nondegradable rubber pieces) as shown in Figure 15.36.

· Water soil only when it is excessively dry, and then only to a depth of four to six inches.
· Practice rotational grazing to avoid overgrazing, which results in soil damage; animals eat too many plants at one time, killing the plants and leaving soil exposed.

· Practice sensible pest control by using insecticides sparingly to prevent water contamination.
[[Insert Figure 15.34 here]]

[[Insert Figure 15.35 here]]

[[Insert Figure 15.36 here]]

Besides understanding how agricultural technology can impact air, water, and soil quality, farmers and ranchers need to understand how this affects plants and animals in the different environments found on earth. For example, plants and animals, whether domestic or wild, that live in the desert have different requirements to survive in that particular environment than plants and animals that live in the jungle. A particular habitat where specific animals, plants, and microorganisms interact for the purpose of surviving to reproduce is known as an ecosystem. An ecosystem can be as complex as a large forest or as simple as a tree in that forest. All parts of an ecosystem depend on each other. If even one living species is destroyed, it affects all other living organisms, and even the health of resources such as water and soil. People, including farmers and ranchers, who understand what makes an ecosystem sustainable are better stewards of natural resources found in these different ecosystems, including the agricultural ecosystem otherwise known as the agroecosystem. They understand how an agroecosystem like a farm can maintain and not destroy natural resources.

The Importance of Understanding Ecosystems

The engineering design and management of agricultural systems require knowledge of artificial ecosystems and the effects of technological development on flora and fauna. An artificial ecosystem is an ecosystem that is established by humans, such as an agroecosystem. There are many reasons for establishing an artificial ecosystem, such as for research, recreational opportunities, and even for treatment of polluted waters. For example, farmers and ranchers can establish an artificial wetland as part of their agroecosystems to treat polluted water runoff from intensive dairy operations and intensive ranching operations. They can also use the excess manure from livestock to fertilize their crops instead of purchasing huge amounts of fertilizer.
Constructing an Artificial Wetland

( Constructed wetlands, just like natural ones, can be used to treat water that has been polluted with pesticides, animal waste, or excess fertilizers. They provide a habitat for microorganisms that can break down materials that cause water pollution. Since the majority of water is not moving or is moving very slowly, the microorganisms have the time to completely break down these materials. Some water plants also take up these pollutants. Wetlands are constructed in a series of rectangular plots. They are filled with gravel or porous soil on a plastic liner so that pollutants cannot leach out. Plants normally found in marshes are added to the plots, and, with time, an important microorganism population is developed. (See Figure 15.37.)

[[Insert Figure 15.37 here]]

Finding Appropriate Agricultural Solutions Historically, developed countries have tried to help third world countries develop agriculture and meet the food needs of their populations. Sometimes this assistance was successful and sometimes it was not. One of the ways in which it was not successful is that developed countries tried to get these countries to grow the same crops that they, themselves, could successfully grow, such as wheat and corn. Instead, it would have been more appropriate if they had supported these countries in large-scale farming and ranching of the plants and animals that were already adapted to those environments. For example, in sub-Saharan Africa, farmers now focus on the indigenous plants—cassava (Figure 15.38), sweet potato, yams, and cocoyams—not the grains grown in North America.
Using native plants, farmers could develop pest resistant, high-yield strains. For example, in sub-Saharan Africa, a cassava plant strain that is more resistant to one of its major pests, the green mite, has been developed. The locals have also developed a biologically friendly, oil-based biopesticide derived from an African fungal pathogen of locusts. The biopesticide, nicknamed Green Muscle, has no adverse effect on mammals, and it controls both grasshoppers and the migratory desert locust. It is produced and marketed by the companies named Biological Control Products in South Africa and National Plant Protection in France. These are good examples of what people can do when they understand not only technology but also flora and fauna native to their own countries.

[[Insert Figure 15.38 here]]

[[Start ENGINEERING QUICK TAKE here]]

ENGINEERING QUICK TAKE
Calculating the Cassava Crop

In many countries, people must grow all of the vegetables their family is going to eat each year. They either cannot afford to buy them or they cannot buy enough at the market as we can, and if they grow extra, they most likely trade it for other essentials. To be able to do this, each family must figure out how much land to cultivate; which vegetable strains to grow; how much fertilizer they are going to have to add (most likely this will come from their animals rather than being purchased as in developed countries); and also how much water they are going to have to use. As an example, our family in Africa is composed of six people, two parents, two teenagers, and two grandparents. Each one of them will eat about 100 kilograms per year of this tuber, and each tuber weighs on average 0.8 kg. There are about seven to ten tubers per root.
They want to be able to grow at least twice as much as they need so that they can use some of it for bartering. How much land should they cultivate for each of these vegetable crops, given the following information?
[[Insert Figure 15.39 here]]

Each cassava plant should be planted 1 meter from another cassava plant.
If the plants are healthy, the family should expect twenty-eight tons per hectare (ha), if they are unhealthy, ten tons per ha. Each ha is equivalent to 1000m2.

Determine the size of the plot in meters squared this family will need to plant.

[[End ENGINEERING QUICK TAKE here]]
[[Start SECTION TWO FEEDBACK here]]
SECTION TWO FEEDBACK >
1.
Write a short paragraph explaining how intensive farming and ranching could both help and lead to the destruction of natural ecosystems.

2.
Search the Internet for information on the Irish Potato Famine. What was it? When and why did it occur?
3.
Search the Internet and find three ways in which the U.S. Environmental Protection Agency says we can reduce acid rain.

4.
Search the Internet for information concerning UNESCO’s Man and the Biosphere Programme (MAB). Explain the goals for this project and give one example of a biosphere that has been established for research purposes.

[[End SECTION TWO FEEDBACK here]]

SECTION 3: Preserving Food: From Plot to Table

[[Start Key Idea Box here]]

KEY IDEA >
· The development of refrigeration, freezing, dehydration, preservation, and irradiation provide long-term storage of food and reduce the health risks caused by tainted food.

[[End Key Idea Box here]]
Once food is harvested, it must be stored, processed, prepared, preserved, and distributed before it arrives at our grocery stores. This is not always an easy task because, especially in developed countries, food may have to travel a long way before it reaches its destination. Yet, when consumers decide which apple, potato, or fish to purchase, they expect foods to be not only safe and nutritious, but also the “right” color and texture. The food industry uses a variety of technologies and techniques to preserve fresh food so that it looks appealing and is also tasty and safe to eat.

Preserving Foods in the Food Industry
The problem with fresh food is that it eventually spoils, whether it is stored at room temperature (25°C) or even in the refrigerator (4°C). Fresh food spoils because it becomes contaminated with bacterial and fungal growth. Even if microorganisms did not spoil food, fruits and vegetables contain enzymes that start breaking them down as soon as they are harvested. The reason is because when fruit and vegetables ripen (and eventually fall to the ground) the fleshy part starts to degrade, in order to release the seeds inside them, which then use the nutrients in the pulp to grow. Or, as the fleshy part degrades, it releases an odor in order to attract animals to eat it. The development of refrigeration, freezing, dehydration, preservation, and irradiation provide long-term storage of food and reduce the health risks caused by tainted food.
Preservation technologies include:

· Heating (for example, boiling) to kill organisms or denature (inactivate) proteins, such as enzymes, responsible for decomposition
· Oxidation (such as the use of sulphur dioxide)
· Toxic inhibition to kill micoorganisms (for example, smoking, use of carbon dioxide, vinegar, alcohol, etc.)
· Dehydration (drying)
· Osmotic inhibition (for example, use of sugar syrups)
· Low temperature inactivation (freezing)
· Many combinations of these methods
[[Insert Table 15.2 here]]

[[Start Table 15.2 here]]

Table 15.2 | Food Preservation Techniques
	PROCESS
	HOW IT PROTECTS FOOD
	EXAMPLES

	Boiling (sometimes done with high salt or in oil)
	Heat destroys most but not all bacteria
	All types of foods

	Canning
	Heat food to kill bacteria and bacterial spores
	Fruits and vegetables, beans, soups

	Pasteurization
	Liquid is heated to 160°F for 20 seconds, then quickly cooled to about 38°F (only kills targeted organisms)
	Milk that is to be used in the time indicated by the expiration date

	Ultra Heat Treatment (UHT)
	Liquid is heated to about 175°F and then to 300°F
	Liquid that needs to be stored for several months

	Refrigeration
	Technically defined as 4° C. Slows down the growth of bacteria and fungi; short-term storage
	Milk, fruits, vegetables, meats

	Freezing
	Uncooked food is steamed first to decrease bacterial concentration. Most foods are frozen by dipping the packaged food into a tank of freezing salt water.
	Vegetables, fish, poultry, canned juices, red meat

	Drying
	Water is removed, causing the concentrations of salt and sugar to increase. The higher concentrations kill or inhibit growth of bacteria living on the food
	Powdered milk, soups, potatoes, orange juice, all types of dried fruits, cereal grains

	Addition of preservatives such as nitrates, sulfate ions, and acids to decrease the pH < 4.6 (e.g. vinegar)
	Inhibition of specific groups of microorganisms
	Meats, fruits, catsup

	Addition of high salt or sugars is known as pickling; smoke the food product to add growth-inhibitory products
	Inhibition of specific groups of microorganisms
	Meats, vegetables, fruit

	Addition of dyes, vitamins
	Make foods more appealing or nutritious
	Ruby red grapefruit juice, orange skins, cereal, rice

	Irradiation
	X-ray and gamma-ray (short wave) radiation kills microorganisms in food. Foods can be irradiated after they are packaged.
	All types of packaged foods

	Vacuum and oxygen-free atmosphere (also protects foods containing oils that become rancid [oxidized] in the presence of oxygen)
	Low oxygen tension inhibits strict aerobes (organism that require oxygen to live) and delays growth of facultative anaerobes (organisms that prefer using oxygen but can live also in its absence).
	Nuts, meats, potato products such as artificial (formed) potato chips


[[End Table 15.2 here]]

Well-publicized incidents of unsafe food reaching the population, such as the bacterial contamination of fresh spinach in September 2006 from which several people died, cause people to ask, “How are our foods protected against contamination?” Refer to Table 15.2 for a review of some of the processes, how they work, and examples of foods that are prepared using that particular process.

Processing Food in the Food Industry

Before freshly harvested foods can be made into finished products and sold to consumers, they must be processed. Primary food processing includes transporting the product from the fields to a facility where they undergo preliminary storage and treatment. In secondary food processing, the product is converted into saleable food products and shipped to stores.
For a company that processes potatoes, it is cost-effective to make multiple potato-based food products, such as potato chips, French fries, potato flakes, mashed potatoes, and formed potato products like potato patties. Such a company would have multiple food-processing technologies that convert raw potatoes into finished products. Each product is made on a particular manufacturing process line that performs various processing steps, such as washing, cutting, cooking, and the like.
One process line that interests people in many countries is the processing of potatoes to make French fries. French fries are a popular food, but, depending on how they are made, they are not necessarily very healthy because they may contain a high percentage of fat. Is there any way French fries could be made that is both tasty and healthy? Let’s explore all of the different ways that French fries are processed and discover if this is a possibility.
Primary Food Processing In primary food processing for potatoes, the potatoes are first harvested and inspected. When harvesting and storing foods, it is important to harvest at the proper time and to keep them at the proper temperature to avoid damage and spoilage. For example, in Oregon, potatoes are usually harvested from July 1 through the end of November. If they are harvested when the temperature is too low (below 45 degrees F), they may be cut, broken, or bruised by the mechanical harvester. If the temperature is too high (over 65 degrees F), they are too difficult to cool in storage piles. The soil should be moist but not wet or muddy.
A mechanical potato harvester called a combine usually digs several rows at once and moves the potatoes over a series of chains to eliminate soil and vines. Workers on the combine remove decaying potatoes and other debris. The clean potatoes are then moved on a belt and dumped into a truck moving along beside the harvester. The equipment and workers must handle the potatoes carefully so they are not damaged in the harvesting process (Figure 15.40): Only healthy potatoes without mud or field debris can be stored. Depending upon weather conditions, potatoes must be moved directly from field to storage in order to prevent overheating or freezing.

[[Insert Figure 15.40 here]]

Before entering final storage, the potatoes must be carefully inspected to eliminate diseased product and sorted into various piles based on grading criteria such as size, weight, color, shape, and amount of damage, if any. This grading and inspection must follow the guidelines and standards established by the U.S. Department of Agriculture (USDA), a federal agency. If products are shipped across state lines or between countries, additional state and federal agencies can become involved. The Food and Drug Administration (FDA) also plays a role, but usually further along in the process, for instance, during secondary food processing and after the product is placed on supermarket shelves.

Secondary Food Processing From storage, the potatoes are transported to food companies for secondary food processing. Secondary food processing involves the different process lines that use the raw potatoes as starting material. In general, the process line for French fries is as follows: (1) The potatoes are mechanically peeled in a hot, steam-pressurized tank that makes the skins literally fly off. (2) They are visually inspected and a pump rapidly propels them to stationary blades for slicing. (3) The correctly sized strips are allowed to continue on to the blanching step (which boils them briefly), removing excess sugars and giving all of them a consistent, pale color after cooking. This step is done for aesthetic purposes only because consumers like French fries that are a uniform color. (4) The strips are partially dried using hot air blasts, partially cooked in hot oil such as peanut oil, and then quickly frozen to –40oF. (5) After freezing, the product is bagged or boxed (see Figure 15.41), then shipped to restaurants and stores. An automated French fry machine can process 1,200 kg/hr. That is a lot of French fries!

[[Insert Figure 15.41 here]]

Checking for Food Contaminants

( As part of final inspection, many food products are checked for insect and rodent filth. The Food and Drug Administration (FDA) booklet Food Defect Action Levels lists the amount of such filth that is permitted in the foods we buy. For example, 100 grams of peanut butter can contain thirty insect fragments or one rodent hair. The FDA calls these “natural contaminants,” which also include fruit-fly eggs and maggots. One university publication estimates that we eat over a pound of insect parts each year without knowing it. The FDA sees these as “natural or unavoidable defects” that “present no health hazards for humans.” It also says most food products average much lower levels than their limits; the maximum levels listed in their booklet are those they use to determine if a food is “adulterated” and therefore subject to legal action. (See Figure 15.42.)

[[Insert Figure 15.42 here]]
The automated French fry machine uses oil, such as peanut oil, to fry the raw potato strips. This is the step where the fat is added. To make French fries with less oil, companies would have to bake them instead of fry them in oil. Even if the taste of the baked fries is the same as the deep-fried, the texture is different, and texture is a very important part of their appeal. If you search on the Internet, you will discover that many people have tried to duplicate the taste, texture, and smell of a deep-fried French fry, using McDonald’s French fries as the “gold standard.” The food-processing technology behind a low-calorie French fry is just waiting to be invented.

Country-of-Origin Labeling (COOL)
( The Food and Drug Administration (FDA) is responsible for assuring that foods sold in the United States are safe, wholesome, and properly labeled. This applies to foods produced domestically, as well as to foods from foreign countries. The federal Food, Drug, and Cosmetic Act (FD&C Act) and the Fair Packaging and Labeling Act are the federal laws governing food products under the FDA’s jurisdiction.
We all recognize country-of-origin labeling. It is on clothes, electronic goods, and some food products. But it is the definition of “some food products” that has people and Congress worried. With recent food poisoning scares, people want to know where all of their food comes from. Right now, loose bananas displayed in a supermarket bin don’t have to have a country of origin label, but strawberries packaged in a container must have such a label. Another important exception is available for goods that undergo “substantial transformation.” It is recognized that if an imported article undergoes a substantial transformation in the United States. (for example, imported grapes made into jelly), the transformed article does not need to have a country-of-origin label. In this case, the jelly manufacturer is regarded as the “ultimate purchaser” of the imported grapes. Due to these exceptions, many food products do not have a country-of-origin label, even though the food may have been imported or may contain imported ingredients. Voluntary country-of-origin labels and “Made in the USA” claims are a separate matter. Forcing food manufacturers to add this information to their labels or adding more labels to food will cost them money, which, in the end, will cost the consumer more money. Do you think the consumer wants to know this information even though it means raising food costs?
Ensuring that food progresses safely from field to table is a complex task. As foods go through shipping, preservation, storage, processing, and packaging, the combination of technology, engineering, and human judgment in most cases manages to deliver safe and appealing foods to our tables.
TECHNOLOGY AND PEOPLE:
Kristen Hughes

Kristen Hughes (Figure 15.43), who grew up swimming in the Chesapeake Bay, is now a staff scientist with the Chesapeake Bay Foundation. She works with representatives from agriculture, industry, government agencies, universities, and nonprofits to identify ways to prevent agricultural air and water pollution.
While she was getting her degree in Natural Resources Management, she learned how difficult it is to control pollution as a result of excess nitrogen and phosphorous runoff from farms, golf courses, and subdivisions. She works to create new projects and markets for excess nutrients and organic materials. For example, with an industry partner, they are evaluating manure as a possible energy source.

One of Kristen’s mentors at the University of Maryland was Professor Pat Kangas, who taught students about the emerging field of ecological engineering and how the combination of ecology and engineering principles could be combined to develop sustainable treatment systems.
[[Insert Figure 15.43 here]]

After obtaining bachelor’s degrees in Natural Resources Management and Biological Resources Engineering, as well as a master’s degree in Marine and Estuarine Environmental Science, Hughes decided to pursue a Master’s of Engineering Science degree in agricultural engineering. Based on what she has accomplished with that knowledge, she feels it was the right decision.
Her studies in biological resources engineering enabled her to learn the mechanics of how nutrients are transported from land to water, as well as how to measure and prevent these losses. She learned how to measure biological processes in natural systems and develop equations to explain these processes that can be used to design ecologically engineered systems. She has found it especially important to foster powerful partnerships between environmental and agricultural organizations.
Does she find her work satisfying? Apparently so: “I can say that Mondays are not a problem for me—I love my work!”

[Based on information obtained from the ASABE or American Society of Agricultural and Biological Engineers web site, June, 2008, http://www.asabe.org/membership/TakeFive/Hughes.html]

[[Start SECTION THREE FEEDBACK here]]

SECTION THREE FEEDBACK >
1.
A targeted organism that needs to be killed in the canning process is Clostridium botulinum. Search online for information on this organism, for example: Why it is so hard to destroy in the canning process? What are the symptoms of the food-borne illness it causes? How should canning be properly done?

2.
When grains are harvested and stored before being processed, insect and microbial contamination can occur. Search online and find out how insect parts are detected in grains, then find out the “allowable limit” of insect parts in grain.

3.
Name five fresh produce products received by the United States, especially during the winter months. Include the country of origin for each.

4.
What are three genetically modified crops currently being planted and what percentage are they of the total market for that type of crop (for example, RoundUp Ready® rapeseed).

5.
What are some of the other career opportunities for an agricultural engineer besides the one described for Kristen Hughes?

6.
Go to the Web site of The National Center for Agriscience and Technology Education (www.agrowknow.org). Examine and list how this organization categorizes careers in agriculture.

7.
Go to the Web site developed both by USDA and Purdue known as USDA, Living Science, and find the three jobs that interest you most. Describe them and indicate what interests you about these jobs.

[[End SECTION THREE FEEDBACK here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Agricultural and Food Scientists
The Bureau of Labor Statistics lists several types of jobs in agriculture, including agricultural engineers, inspectors, workers, managers, and scientists. This section profiles the job outlook for Agricultural and Food Scientists. The work of agricultural and food scientists plays an important part in maintaining the nation’s food supply by ensuring agricultural productivity and food safety.

Significant Points

· About 14 percent of agricultural and food scientists work for federal, state, or local governments.
· A bachelor’s degree in agricultural science is sufficient for some jobs in product development; a master’s or Ph.D. degree is required for research or teaching.
· Opportunities for agricultural and food scientists are expected to be good over the next decade, particularly for those holding a master’s or Ph.D. degree.

Nature of the Industry

Agricultural scientists study farm crops and animals to find ways to improve their quality. They research ways to convert crops into attractive and healthy foods and also into fuels. Agricultural and food scientists in biotechnology work with the genetic material in plants and crops to make them more productive, as well as to find commercial applications for this material in industry. Some work with biologists and chemists to develop biofuels.

Some agricultural scientists conduct research in order to understand chemical and biological processes in plants and livestock. Others work to improve the quality and safety of agricultural products, or manage marketing or production in food or agricultural product companies.

Food scientists and technologists usually work in the food processing industry, universities, or the federal government to create and improve food products. Plant scientists study plants, helping producers of food, feed, and fiber crops to feed a growing population and conserve natural resources. Soil scientists study the chemical, physical, biological, and mineralogical composition of soils as they relate to plant growth. Animal scientists work to develop better, more efficient ways of producing and processing meat, poultry, eggs, and milk.

Working Conditions

Agricultural scientists involved in management or basic research tend to work regular hours in offices and laboratories. The work environment for those engaged in applied research or product development varies, depending on specialty and on type of employer. For example, food scientists in private industry may work in test kitchens while investigating new processing techniques. Animal scientists working for federal, state, or university research stations may spend part of their time at dairies, feedlots, farm-animal facilities, or outdoors conducting research. Soil and crop scientists also spend time outdoors conducting research on farms and agricultural research stations.

Training and Advancement

Most agricultural and food scientists need at least a master’s degree to work in basic or applied research, whereas a bachelor’s degree is sufficient for some jobs in applied research or product development, or jobs in other occupations related to agricultural science. Degrees in related sciences such as biology, chemistry, or physics or in related engineering specialties also may qualify people for many agricultural science jobs.

A bachelor’s degree in agricultural science is sufficient for some jobs in product development or assisting in applied research, but a master’s or doctoral degree is generally required for basic research or for jobs directing applied research. A Ph.D. in agricultural science usually is needed for college teaching and for advancement to senior research positions. Agricultural scientists who have advanced degrees usually begin in research or teaching. The American Society of Agronomy certifies agronomists and crop advisors, and the Soil Science Society of America certifies soil scientists and soil classifiers.

All states have a land-grant college that offers agricultural science degrees. Many other colleges and universities also offer agricultural science degrees or agricultural science courses. However, not every school offers all specialties.
Agricultural and food scientists should be able to work independently or as part of a team and be able to communicate clearly and concisely, both orally and in writing.
Outlook

Employment of agricultural and food scientists is expected to grow 9 percent between 2006 and 2016, about as fast as the average for all occupations. Recent, agricultural research has created higher-yielding crops, crops with better resistance to pests and plant pathogens, and more effective fertilizers and pesticides. Research is still necessary, however, particularly as insects and diseases continue to adapt to pesticides and as soil fertility and water quality continue to need improvement. This creates more jobs for agricultural scientists.
Emerging biotechnologies will play an ever larger role in agricultural research. Scientists will be needed to apply these technologies to the creation of new food products and other advances. Moreover, increasing demand is expected for biofuels and other agricultural products used in industrial processes. Agricultural scientists will be needed to find ways to increase the output of crops used in these products.
Earnings

Median annual earnings of food scientists and technologists were $53,810 in May 2006. The middle 50 percent earned between $37,740 and $76,960. The lowest 10 percent earned less than $29,620, and the highest 10 percent earned more than $97,350. Median annual earnings of soil and plant scientists were $56,080 in May 2006. The middle 50 percent earned between $42,410 and $72,020. The lowest 10 percent earned less than $33,650, and the highest 10 percent earned more than $93,460. In May 2006, median annual earnings of animal scientists were $47,800.

The average federal salary in 2007 was $91,491 in animal science and $79,051 in agronomy.

According to the National Association of Colleges and Employers, beginning salary offers in 2007 for graduates with a bachelor’s degree in animal sciences averaged $35,035 a year; plant sciences, $31,291 a year; and in other agricultural sciences, $37,908 a year.

[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2008–09 Edition, visited December, 2008, http://www.bls.gov/oco/]

Summary >

Over the course of history, society has moved from mere subsistence to the use of sophisticated tools and techniques to produce food for entire societies. These tools and techniques evolved to create the Green Revolution, which saw the introduction of intensive farming techniques. Today, agriculture consists of an array of products and systems to create food, fiber, fuel, and other products to supply world populations. However, this evolution has featured the continuous use of purchased inputs, such as chemical fertilizers and pesticides. These inputs have not only increased agricultural production, but they have had negative effects on the environment.
Humankind has now turned to the agricultural gene revolution, also called the biotechnology era, for solutions to many of these problems. Biotechnology advances in agriculture, pharmaceuticals, food, medicine, energy, the environment, and genetic engineering.

Farming and ranching in today’s world ranges from the most basic food production, through genetically produced food and drugs. The main areas include:

· Subsistence

· Community and family

· Crop

· Seed

· Livestock

· Organic

· Ornamental and turfgrass

· Aquaculture

· Hydroponic
· Pharming

Farm machinery now plays a central role in tillage, planting, growing, harvesting, and storing crops. The industrialization of livestock production has led to large, intensive environments for animals and plants.
Information technology now plays a large part in agricultural production, from automatic milking machines, to the use of GPS and remote sensing to monitor and treat fields. These developments have drastically reduced the amount of human labor required and resulted in the more efficient use of inputs, such as fertilizer and water. The use of integrated pest management, natural biological agents, genetically modified plants and animals, and culture control has had similar benefits.
Intensive agriculture has had negative effects on the environment and has decreased animal and plant varieties. The new field of agroecology aims to create more sustainable farming and ranching techniques that emphasize conservation, improved air, water, and soil quality to create healthy agroecosystems worldwide.
Agricultural products, once harvested, must be stored, processed, and made into saleable products for human and animal consumption. Techniques that preserve foods and make them attractive to consumers include:

· Boiling

· Canning

· Pasteurization

· Ultra Heat Treatment

· Refrigeration

· Freezing

· Drying

· Preserving

· Pickling and smoking

· Addition of dyes and vitamins

· Irradiation

· Oxygen removal

Primary and secondary food processing moves agricultural products from the field to the consumer. Each step along the way must be carefully controlled to ensure that the final product is safe, tasty, and attractive. Many processing steps are streamlined to increase speed and reduce costs. Issues of food adulteration and country-of-origin labeling draw increased attention to the safety of foods that reach our tables.
FEEDBACK
1.
Pick one country in the world and see if you can discover up to three pivotal events that influenced their current agricultural practices.

2.
Find one company that makes a product using a transgenic animal or plant and summarize briefly the cloned gene(s) and the product.

3.
Conduct a survey of your family and friends to discover their thoughts on why people in the world are starving even though enough food is being produced worldwide to feed every person. If they lack adequate background knowledge (and most will), inform them of what you have learned in this chapter. Ask them how they think this problem can be solved. How do they think the public can be better informed about these issues?

4.
Discuss global warming, its likely causes and effects on Earth, and its proposed effect on food production capacity.

5.
How should the political process treat farming? Should there be subsidies, and to whom should they go? How is farming subsidized in your geographic locale?

6.
How has plant and animal breeding been modified over the years?

7.
Plants can be “stressed out,” just as people can. Discuss plant stresses and the responses of the plants.
8.
Are foods produced by traditional plant-breeding methods safer to eat than those produced by genetic engineering? Why or why not?

9.
How does traditional plant and animal breeding differ from genetic engineering?

10.
Discuss the steps required to a) introduce a new gene into an animal or plant by traditional methods and b) introduce a new gene by genetic engineering.

11.
In what way do seed crops differ from food crops? What are some specific procedures for seed production that might not be necessary for producing the crop? Discuss the patenting of genes. How should the people who preserved genes be compensated by companies interested in those genes?
12.
Discuss the gradual loss of biodiversity resulting from agricultural practices.

13.
Search the Internet for information about Quality Protein Maize. How can this product improve maize value in developing countries?

14.
Plant breeders can select for improved plant response to predictable environmental stresses. Describe two environmental conditions, such as drought, that you believe breeders should consider.
15.
Pest outbreaks are natural, but how have they been increased by intensive agricultural practices?

16.
Are synthetic pesticides more or less dangerous to people than organic pesticides? Which agency in your country determines the safety of a pesticide?

17.
What is a weed? Give a definition from different perspectives—even from the plant’s perspective!

18.
How does an herbicide’s target site influence the likelihood that resistant weed populations will be selected?

19.
What are the social and environmental ramifications of only a small percentage of the U.S. population being involved in agriculture and ranching?

20.
Search online for the FDA pamphlet “Food Defect Action Level” and find the acceptable levels of insect and rodent filth for five of the food products in your kitchen. Follow up with additional research and find the test methods for insect and rodent filth.

DESIGN CHALLENGE 1:
Plant Tissue Culture
· Problem Situation

Plant tissue culture is an important area of biotechnology. Many strategies for genetic engineering of plants rely on plant tissue culture. Tissue culture allows for pieces of plant tissues to grow into whole plants. Every cell within a plant has all the characteristics of the whole plant. In the proper conditions, every cell is capable of growing into a new plant. Each new plant has the same characteristics as its parent plant. This allows a grower to produce many plants in a short time from an individual piece of plant tissue. It also allows for the production of many plants in a very small area.
· Your Challenge

You and your R&D team members have been given the task of developing a plant tissue culture kit in order to produce an identical clone of a plant.

· Safety Considerations

1.
Wear eye protection at all times.

2.
Wear gloves at all times.

3.
Disinfect your work area with ethanol to decontaminate.

4.
Thoroughly wash and disinfect all glassware and instruments.

5.
Ethanol is highly flammable and should be kept away from open flames at all times.

6.
Do not pour any unused chemicals back into storage containers where it may contaminate the rest of the reagent. Dispose of unused chemicals in proper waste containers.

7.
Bleach solutions will discolor clothing and can be harmful to the skin and eyes. In addition to gloves and goggles, you may want to wear an apron or lab coat while you are handling bleach solutions.

8.
Long hair should be tied back to minimize contamination.

9.
The edges of scalpels and razor blades are extremely sharp and should be handled with a great deal of caution.

· Materials Needed

1.
Plant

2.
Multiplication medium with agar in sterile containers
3.
Mist bottle

4.
70 percent ethanol
5.
10 percent chlorine beach

6.
3 sterile wide-mouth containers

7.
2 beakers

8.
Sterile forceps

9.
Sterile razor blade/scalpel

10.
Parafilm or florists tape

11.
Cool-white fluorescent lights (optional)

12.
Plastic box

13.
Shoot multiplication medium

14.
Soil

15.
Fertilizer

16.
Planting pot

17.
Plastic bag
· Clarify the Design Specifications and Constraints

You will design a kit and clone a plant using plant tissue culture techniques. The first step in culturing plant tissue is to establish an explant in sterile culture. Explants are usually small pieces of leaf that have been treated to kill surface microorganisms that would contaminate the culture. The explant is grown in a medium that contains organic salts, vitamins, and hormones for shoot development. Shoots are the developing stems and leaves on the newly forming plant. Shoots formed on explants will then be transferred to shoot multiplication medium, which contains hormones that allow shoots to elongate and form roots. Finally, whole shoots are transferred to soil where mature plants will develop. You should produce a viable clone of your original plant.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete Knowledge and Skill Builder I: Safety considerations.

2.
In your guide, complete Knowledge and Skill Builder II: Building a sterile hood.

3.
In your guide, complete Knowledge and Skill Builder III: Choose a plant and corresponding medium.

4.
In your guide, complete Knowledge and Skill Builder IV: Transfer the explant.

5.
In your guide, complete Knowledge and Skill Builder V: Root and shoot formation.

6.
In your guide, complete Knowledge and Skill Builder VI: Transfer to soil.

· Generate Alternative Designs

Describe two of your possible alternative approaches in this plant tissue culture exercise. Discuss the decisions you made in (a) building a sterile hood, (b) transferring the explants, and (c) root and shoot formation. Attach drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution

What decisions did you reach about the optimal conditions for producing a clone using plant tissue culture techniques?

· Display your Prototype

Produce your sterile hood and final cloned plant. Include descriptions, photographs, or drawings of the process in your guide.

· Test and Evaluate

Explain whether your designs met the specifications and constraints. What tests did you conduct to verify this?

· Redesign the Solution

What problems did you encounter that would cause you to redesign the sterile hood or modify the procedure for transferring the explant or the root and shoot development? What changes would you recommend in your new designs? What additional trade-offs would you have to make?

· Communicate Your Achievements

Describe the plan you will use to present your results to your class, and show what handouts you will use. (Include a media-based presentation.)

DESIGN CHALLENGE 2:
Vegetable Garden Plot

· Problem Situation

Your family would like to invest in a garden plot for the purpose of growing much of the vegetable produce they annually consume. Realizing that you have just finished reading about agricultural technology, they give you the assignment of figuring out how to establish the plot that will meet their needs.

· Your Challenge

Determine the plot size necessary for your family, its location, which vegetables need to be grown and when, how many plants of each vegetable are needed, and what soil amendments need to be added based on the soil conditions found in your area. You will also have to determine how much water needs to be added to the plot based on the vegetables being grown and the climate conditions of your area. If insect pests are anticipated, you need to determine what treatments you are willing to do to prevent crop damage.
· Safety Considerations:

1.
Should you decide to construct your garden, you will have to make sure you use tools correctly.
2.
Wear rubber gloves and eye protection when applying chemicals.
3.
Be sure to use sunscreen and a hat if you are outside on hot, sunny days.
· Materials Needed

1.
Internet access

2.
Drawing tools (either for making mechanical drawings or CAD drawings)
· Clarify the Design Specifications and Constraints

The plot size is determined based on the amount of vegetables consumed annually by the family and also by the amount of vegetables that the family is willing to can or preserve for storage. Types of vegetables are determined by soil conditions, annual climate, and what soil amendments you need to make; for example, some vegetables require a great deal of nitrogen, while others do not. If your family wants to do organic gardening versus intensive gardening, then additional constraints will have to be considered when using amendments, pesticides, herbicides, and any chemicals to control plant diseases. Additional factors and items to consider are the quality of the water available (the amount of minerals such as calcium, the pH of the water); the cost of additional garden items such as hoes, rakes, and mulching; and the requirements for pesticides or herbicides. Finally, if your family is going to place a limit on the amount of money spent, you will have to discuss final choices based on the cost to grow particular vegetables compared to cheaper varieties and whether you want to start from seed or from start-ups purchased at a nursery.
· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: The location, climate, and choosing your vegetables.
2.
In your guide, complete the Knowledge and Skill Builder II: Size of the plot and orientation of the plants.

3.
In your guide, complete the Knowledge and Skill Builder III: Soil amending and preparing the bed.

4.
In your guide, complete the Knowledge and Skill Builder IV: Herbicides, pesticides, and combating plant diseases.

· Generate Alternative Designs

Describe two of your possible alternative approaches in preparing a vegetable garden plot. Discuss the decisions you made in (a) the size of the plot, (b) determining what vegetables to be grown, (c) what soil amendments are needed, and (d) what integrated pest plan you were willing to use to protect your investment. Attach drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution

What decisions did you reach about the vegetable garden plot?
· Display your Prototype

Draw your garden plot to scale, including what vegetables you plan to grow. If you plan to rotate your crops based on season, include a drawing of the plot for each season. Make sure you include any constraints you have decided on, such as integrated pest management and the proposed amount of water you will need.
· Test and Evaluate

Get feedback on your ideas from other students and from your instructor. Ask your family for feedback as well. You might also visit a garden center to discuss your prototype with professionals.

· Redesign the Solution

Consider the feedback you have received. Make changes in your design that reflect good ideas offered by those you have consulted.

· Communicate Your Achievements

Describe the plan you will use to present your results to your class, and show what handouts you will use. (Include a media-based presentation.)

Numbered Figure

Figure 15.1|Organized agricultural practices such as irrigation, maintaining animal herds for the community, and sharing communal fields were practiced by many ancient civilizations, including the Egyptians.
Figure 15.2|Improvements in the development of the steam engine gradually gave rise to the Industrial Revolution in the 19th century. Horse-drawn machinery was gradually replaced by steam-powered farm equipment for reaping, threshing, and plowing.
Figure 15.3|The Green Revolution spread the use of DDT to destroy insects.

Figure 15.4|Bald eagle populations declined sharply because of thinning eggshells due to impaired calcium absorption. This harmful effect was the unintended result of the widespread use of DDT to kill insects, such as mosquitoes, that kill crops and carry diseases.

Figure 15.5|Agriculture encompasses the steps involved in producing a plant or animal produce; starting in the field; harvesting it; storing it and then transporting to a processing plant such as a canning plant; and transporting that product to a point, such as a grocery store, for distribution to the public.
Figure 15.6|During photosynthesis, carbon dioxide and water combine, using light energy, to form sugars. The plant uses the sugars for energy, as do any organisms that consume the plant.

Figure 15.7|Food, a necessity, is also a part of our celebrations, such as Thanksgiving, and our daily rituals, such as meeting people for a meal at a special restaurant.

Figure 15.8|Many people in the world, such as this goat herder, do not have access to refrigeration for the purpose of storing food products, such as milk, that eventually “sour” as a result of bacterial processes. Therefore they have to figure out other ways and how long they can store food that is sensitive to bacterial action.

Figure 15.9|The Homestead Act of 1862 required claimants to improve the land they were granted by cultivating a certain percentage of it for crops and building a residence on it of a certain size. Claimants who fulfilled these obligations within five years received title to the land.

Figure 15.10|A university building in Kansas, one of the first built under the Morrill Act of 1862.

Figure 15.11|(a) Aquaculture is the science of farming fish and other sea animals and plants. (b) Hydroponics is a way of growing plants using a nutrient-rich solution instead of soil. (c) Various types of turf grasses are used as ground covers for athletic fields, golf courses, and similar venues. (d) A community garden is a shared piece of land in an urban or rural area in which individual residents cultivate their own plots, growing food and plants for personal use.

Figure 15.12| This figure shows modern and antique examples of the variety of equipment used during the various stages of crop production. The chisel plow shown in part (a) is an antique example; the machines pictured in parts (b) through (e) can be seen on working farms today.

	Tilling
	Planting

	Moldboard, disc, and chisel plows
	Grain drill Combination fertilizer/planter

	Growing

	Fertilizer, Insecticide or Herbicide sprayer Irrigation equipment

	Harvesting
	Storing

	Combine, specialized pickers for crops, such as cotton, peanut, potato
	Grain elevator, cold-storage bins


Figure 15.13| (a) In this intensive system for egg laying, each cage contains about four birds. A combination of natural and artificial light is provided so that birds will lay throughout the winter. Large buildings, some as big as football fields, hold up to 200,000 birds. A sloping wire mesh below the birds permits the eggs to roll down to a collection belt. (b) Chickens bred for meat production are known as broilers. They are bred to convert food into body flesh instead of eggs, so they are allowed more room to move and grow.

Figure 15.14| Aquaculture bins permit the raising of sea life in controlled environments.

Figure 15.15| In a VMS, cows are automatically fed after they are automatically milked. A cow enters an area where a sensor identifies her ID tag and determines if enough time has lapsed since her last milking. If enough time has passed, the cow is allowed to move into the next area where a multipurpose robotic arm extends underneath the cow to clean and dry each teat before attaching vacuum milking cups. After milking, the cow’s underside is sprayed with a disinfectant, then the gate opens and releases the cow to the feeding area.

Figure 15.16|In precision farming using GPS, satellites broadcast signals to a GPS receiver on the ground. After automatic correction for any inaccuracies, the signal is used to control a tractor to an accuracy of five to ten feet.

Figure 15.17|(a) A diagram like this is used to automate herbicide spraying. The amount applied varies depending upon plant density; the light blue areas indicate the greatest plant density. (b) An ultra-low–volume sprayer like this one delivers herbicide precisely where needed, decreasing excess run off.

Figure 15.18|Satellite remote sensing can be used to monitor the health and hydration of plants. The sun (A) emits electromagnetic energy (B) to plants (C). A portion of the electromagnetic energy is transmitted through the leaves. Leaves of healthy or hydrated plants are a different color than leaves of unhealthy or dry plants and therefore reflect light differently. The sensor on the satellite detects this reflected energy (D). The data are then transmitted to the ground station (E). The data is analyzed (F) and displayed on field maps (G).

Figure 15.19|In this aerial photo, healthy plants are green. Unhealthy crops are yellow green. Light reflected by the two differently colored sections is picked up by the satellite and transmitted to the ground station. The data are used by the farmer to determine the proper action needed to remedy the problem, such as applying fertilizer.
Figure 15.20|The European corn borer larva invades the ears and stalks of both sweet corn and grain corn. It also attacks other vegetables. In addition to burrowing inside various parts of the plant, it can also introduce fungus and make the plants more susceptible to other infectious diseases.

Figure 15.21|Some types of ladybugs are among the insect predators of the corn borer larva.

Figure 15.22|In modern spray irrigation techniques, water is carried through tubes, then dispersed over crops with attached spray guns. Newer drip-irrigation techniques aim to decrease water lost through evaporation and run off. About 40 percent of the water used in the U.S. goes toward crop irrigation.

Figure 15.23|Selective breeding has been practiced throughout history to improve animal and crop quality and has significantly improved the world’s food supply.

Figure 15.24|Transgenic animals are produced by fusing a genetically modified cell (such as the cell carrying the foreign DNA that codes for spider protein) to an isolated egg that has had its nucleus removed. The egg is then implanted into a surrogate mother.

Figure 15.25|Transplantation of pig hearts into humans may soon be a reality. Their hearts are approximately the right size and have a similar construction. Scientists are working to breed pigs with hearts suitable for human transplantation.

Figure 15.26|Researchers clone animals by placing a harvested animal cell next to an egg (nucleus removed) of an adult from the same species. They apply an electrical pulse, which bonds the cell with the egg. The fused cell forms an embryo, which they implant into the uterus of another female. This process produces an animal called a “clone,” a genetic copy of the animal that produced the cells.

Figure 15.27|Monsanto’s Roundup Ready® Canola incorporates a trait that tolerates the herbicide Roundup.

Figure 15.28|Monocultures can lead to crop destruction by making them susceptible to attack by a pest or disease that targets that specific plant type.

Figure 15.29|The overuse of pesticides and fertilizer that characterizes intensive agriculture can increase soil salinization, which eventually leads to land unusable for farming or ranching.

Figure 15.30|Veal stock has traditionally been raised in “growing stalls,” which curtailed the spread of disease and increased yield. Largely due to protests by animal welfare activists, these stalls have been banned in England and throughout the European Union. In 2007, the American Veal Association announced that it was phasing out the use of crates for raising veal in favor of housing the stock together, so they can move around freely.

Figure 15.31|Global warming is caused by greenhouse gasses that reflect heat back toward the Earth.

1.
Sunlight travels through the atmosphere and warms the Earth’s surface.

2.
The surface radiates heat (infrared radiation) back into the atmosphere, where some of it escapes into space.

3.
Some rays are absorbed by water vapor and other greenhouse gases in the atmosphere. These gases act like the panes of glass in a greenhouse by trapping and reflecting the heat back to Earth.

4.
As greenhouse gases from factory emissions and other sources build in the atmosphere, more heat is trapped and reflected to Earth. The oceans warm, producing more water vapor, which traps still more heat.

5.
The temperature of the planet rises to achieve a new balance.

Figure 15.32|(a) Some scientists estimate that two-thirds of the carbon dioxide released into the atmosphere by humans is caused by burning fossil fuels, and one-third is caused by the burning of forest, grassland, and crops. (b) The term “acid rain” refers to rain, snow, fog, or dust mixing with sulfur dioxide and nitrogen oxide from fossil-fuel combustion, creating mild solutions of nitric and sulfuric acid that seep through the ground. This phenomenon increases the acidity of lakes and streams, affecting wildlife and damaging trees.
Figure 15.33|Since 1980, glaciers in many areas have retreated substantially, and some have disappeared. In Asia, North and South America, Greenland, and West Antarctica, retreating glaciers will, many fear, increase sea levels around the world, with disastrous effects on coastal areas and populations.

Figure 15.34|Prolonged use of land for agriculture can deplete soil-nitrogen levels over time. By alternating the planting of crops that use up the nitrogen in the soil, such as corn, with crops that add nitrogen to the soil, such as alfalfa (shown here), beans, and clover, farmers do not need to use excessive amounts of fertilizers to feed nitrogen-requiring crops. Plants that add nitrogen to the soil are known as nitrogen-fixers.

Figure 15.35|These terraced farms in Vietnam enable farming on steep hillsides.

Figure 15.36|Mulching conserves water, prevents erosion, fights weeds, and reduces soil compaction caused by heavy rain.

Figure 15.37|This constructed wetland shows that such areas can be both hospitable to wildlife and attractive to humans.

Figure 15.38|Indigenous to South America, cassava (also called “manioc”) is also grown in Africa, India, and Indonesia. Both its greens and its roots are edible, but they must be specially prepared to remove the toxin cyanide in its flesh. Its cooked leaves are a source of protein, and the roots are a source of iron, vitamin C, and vitamin B1. The leaves and the roots are fed to livestock. The cyanide does not seem to bother pigs; perhaps the high pH of the pig stomach destroys the plant enzyme that releases it.

Figure 15.39|Cassava roots, or tubers, are one of the largest sources of carbohydrates consumed in the world.

Figure 15.40|Automatic potato harvesters need to handle potatoes, particularly young potatoes, gently in order to avoid damage that would affect their storage lives and grades.
Figure 15.41|This packing machine is used in the potato industry to pack bags of frozen French fries. It can pack up to 80 bags of French fries per minute.

Figure 15.42|Foods that come from agricultural sources may contain contaminants. The FDA regulates acceptable contaminant levels in most foods.

Figure 15.43|Kristen Hughes, a natural resource scientist with the Chesapeake Bay Foundation, works with industries to find economically feasible ways to reduce agricultural pollution.
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