Chapter 12
Food, Soil, and Pest Management

12-1 What is food security and why is it difficult to attain?

A.
Global food production has stayed ahead of population growth, but one in six people in developing countries cannot grow or buy the food they need.

B.
Some people cannot grow or buy enough food to meet their basic energy needs and to get enough protein and other key ingredients. People need fairly large amounts of macronutrients (protein, carbohydrates, fats) and smaller amounts of micronutrients (vitamins such as A, C, E) and minerals (iron, iodine, calcium).

1.
Undernutrition is suffered by those who can’t grow or buy enough food.
2.
Malnutrition results from insufficient protein and other key nutrients.

C.
One in three people has a deficiency of one or more vitamins and minerals.

1.
Blindness due to a vitamin A deficiency occurs in 250,000 children under 6 each year and up to 80% die within a year.

2.
Iron is needed to prevent anemia.

3.
Iodine is needed for proper thyroid function, to prevent brain damage or formation of a goiter.

D.
Droughts, floods, wars, and other catastrophic events can lead to severe food shortages that cause mass starvation, many deaths, and economic and social disruption.

E.
Overnutrition and lack of exercise can lead to obesity, reduced life quality, poor health, and premature death.

12-2 How is food produced?

A.
Food production from croplands, rangelands, ocean fisheries, and aquaculture has increased dramatically.

1.
Grain from croplands produce 77% of the world’s food.

2.
Meat from rangelands and feedlots produce about 16% of the world’s food.

3.
Fish from oceanic fisheries and aquaculture supply 7% of the world’s food.

4.
All three systems have increased their food yields since 1960.

a.
Technological advances have increased food production or harvesting.

b.
More sophisticated farming techniques have been developed.

c.
Expanded use of chemical fertilizers, irrigation, pesticides, high-yield crops have developed.

d.
Intense farming methods, such as densely populated feedlots and enclosed breeding/growing pens, and aquaculture ponds or ocean cages have been implemented.

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

C.
About 80% of the world’s food supply is produced by industrialized agriculture.

1.
Industrialized/high-input agriculture produces large quantities of single crop or livestock animals.
a.
This uses much energy, water, fertilizers and pesticides to produce monocultures.
b.
Plantation agriculture is industrialized agriculture, primarily in tropical developing countries to produce cash crops—bananas, coffee, soybeans, and sugarcane.

CASE STUDY: The United States uses industrialized agriculture and green revolution techniques to produce about 17% of the world’s grain.

D.
Many farmers in developing countries use traditional/low-input agriculture to grow a variety of crops on each plot of land (polyculture).

1.
Traditional agriculture provides about 20% of the food supply and is practiced by 42% of the world.
a.
Traditional subsistence agriculture typically supports a single farm family’s survival.

b.
Traditional intensive agriculture strives to feed not only the farmer’s family, but also additional food to sell as income.  By using fertilizer, irrigating, etc., a higher yield is sought.

E.
Since 1950, high-input agriculture has produced more crops per unit of land. The following steps describe this green revolution:

1.
Key grain crops are bred or enhanced to produce high-yield varieties.

2.
High-yields are sustained by using large amounts of fertilizer, water, and pesticides.
3.
The use of machinery and fossil fuel to plant and harvest.
4.
A second green revolution has taken place as a result of fast-growing rice and wheat varieties bred for tropical climates like China and India.
F.
Modern agriculture has a greater harmful environmental impact than any human activity.

G.
The gene revolution refers to increased crop yields as a result of mixing the genes of different organisms. Farmers and scientists have used crossbreeding and artificial selection to develop genetically improved varieties of crop strains.

1.
Genetic engineering, which splices a gene from one species into the DNA of another species, is creating improved strains of crops and livestock animals.

a.
More than 2/3rds of food products on the U.S. shelves contain ingredients made from genetically engineered crops.
b.
Genetic engineering holds much promise but has some disadvantages. GMF (genetically modified food) may possibly solve the world’s food problems but has also generated much controversy and fear.
c.
There is controversy over legal ownership of genetically modified crop varieties and whether genetically modified foods should be labeled.

H.
About half the world’s meat is produced by livestock grazing on grass and half is produced in feedlots under factory-like conditions.

1.
Industrialized animal production accounts for about 43% of the world’s beef production, half of pork production, 68% of the egg production, and almost three-fourths of the world’s poultry production.

2.
Meat produces large amounts of animal waste and pollutes the environment.

3.
Raising cattle on rangelands and pastures is less environmentally destructive than raising them in feedlots.

I.
Aquaculture is the process of raising fish and shellfish for food like crops, rather than harvesting them in the seas and inland waters.  Fish farming cultivates fish in a controlled environment and harvests them at a particular size.  It is the world’s fastest growing type of food production. 

12-3 What environmental problems arise from food production?

A.
Soil erosion lowers soil fertility and can overload nearby bodies of water with eroded sediment. 

1.
Water, wind and people cause soil erosion; soil components are moved from one place to another.

2.
Eroded soil becomes sediment in surface waters where it pollutes water, kills fish, clogs irrigation ditches, channels, reservoirs and lakes.
3.
Soil is eroding faster than it is forming on more than one-third of the world’s cropland.

B.
About one-third of the world’s land has lower productivity because of drought and human activities that reduce or degrade topsoil.

1.
Desertification occurs when production falls by 10% or more though a combination of natural causes (drought) and human activities.  It may be moderate, severe or very severe, only in extreme cases does it lead to a desert.

2.
Repeated irrigation can reduce crop yields by causing salinization (salt buildup in the soil) and waterlogging of croplands.
a.
Salts left behind when irrigation water is not absorbed into the soil can be left in the topsoil.
b.
Waterlogging occurs when saline water (from irrigation) envelops the deep roots of plants.  This saline water accumulates underground and raises the water table.

C. 
Industrialized food production requires large amounts of energy…about 17% of all commercial energy use in the U.S.
12-4 How can we protect crops from pests more sustainably?

A.
A pest is any species that competes with us for food, damages lawns and gardens, destroys wood, spreads disease, or invades ecosystems

1.
Worldwide, only about 100 species of plants, animals (mostly insects), fungi, and microbes cause about 90% of the damage to the crops we grow.

B.
We use chemicals to repel or kill pest organisms as plants have done for millions of years. To help control pest organisms we have developed a variety of pesticides.

1.
Common pesticides include insecticides, herbicides, fungicides, and rodenticides.
2.
The first-generation natural insecticides are mainly chemicals borrowed from nature.

3.
Second-generation pesticides are produced in a laboratory

a.
The first was DDT, a potent insecticide, discovered in 1939 by Paul Muller.
C.
Since 1950, pesticide use has increased 50-fold and their toxicity has increased by 10-100 times.

1
Broad-spectrum pesticides are toxic to many species. Narrow-spectrum pesticides are effective against a selectively defined group of organisms.

2.
Pesticides vary in their persistence, the length of time they remain deadly in the environment.

D.
Advantages:  modern pesticides work fast, save lives (an estimated 7 million), increase food supplies, increase profits from crops, and when used properly, their health risks are very low compared to their benefits.  They also increase food supplies (about 55% of the world’s potential food supply is lost to pests).
E.
Disadvantages:  pesticides can promote genetic resistance to their effects, wipe out natural enemies of pest species, create new pest species, end up in the environment, and sometimes harm wildlife and people.

F.
The ideal pest-killing chemical would

1.
Kill only the target pest

2.
Not cause genetic resistance in the target organism

3.
Disappear or break down into harmless chemicals after doing its job

4.
Be more cost effective than doing nothing

G.
Government regulation has banned a number of harmful pesticides but some scientists call for strengthening pesticide laws.

1.
A federal law regulates pesticide use in the U.S., but it can be improved.

a.
The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) was established in 1947 and amended in 1972. It requires EPA approval for use of all commercial pesticides. After more than 30 years, less than 10% of the active ingredients in pesticide products have been evaluated.
b.
The 1996 Food Quality Protection Act (FQPA) increased public protection from pesticides.

c.
Banned or severely restricted chemicals are still manufactured and exported to other countries.

H.
There are cultivation, biological, and ecological alternatives to conventional chemical pesticides.
1.
Fool the pest using cultivation practices such as crop rotation.

2.
Provide homes for pest enemies.

3.
Implant genetic resistance.

4.
Bring in natural enemies.

5.
Use insect pheromones to lure pest insects into traps or to lure natural predators to crop fields.

6.
Use hormones that disrupt the normal insect life cycle and prevent them from reaching maturity.  

7.
Scald them. Hot water sprayed on crops works well on cotton, alfalfa, and potato fiends and citrus groves.

I.
Integrated pest management (IPM) is an ecological approach to pest control uses a uses a mix of pest control methods, with a small amount of selected chemical pesticides as a last resort.

1.
The overall aim of integrated pest management (IPM) is to reduce crop damage to an economically tolerable level. Fields are carefully monitored for damage.

2.
IPM is an important form of pollution prevention that reduces risks to wildlife and human health.

12-5 How can we improve food security?

A.  Use government policies to improve food production and security.  

B. 
Simple and relatively inexpensive actions can have large impacts. One-half to two-thirds of nutrition-related childhood death could be prevented for $5–10 per child per year.  

1.
Provide immunization.

2.
Encourage breast-feeding.

3.
Prevent dehydration.

4.
Prevent blindness with a vitamin A capsule twice a year, at a cost of 75 cents per child.

5.
Provide family planning services.

6.
Increase education for women.

12-6 How can we produce food more sustainably?

A. 
Sustainable agriculture through soil conservation—Soil conservation seeks ways to reduce soil erosion and restore soil fertility, mostly by keeping the soil covered with vegetation.

B.
Specific planting techniques can also decrease soil erosion:
1.
Terracing converts the land into a series of broad, nearly level terraces that run across the contour of the land.  This method holds water for crops and reduces runoff.

2.
Contour farming plows and plants crops in rows across the slope of the land, not up and down.  Each row acts as a small dam.

3.
Strip cropping plants alternating strips of a row crop (corn/cotton) with another crop that completely covers the soil (grass/legume).  Runoff is caught by the cover crop.

4.
Leave crop residues on the land after harvest. (no-till farming)
5.
Windbreaks of trees reduce wind erosion, help retain soil moisture, provide fuelwood, and support bird and insect habitats.

C.
Modern farm machinery can plant crops without disturbing the soil.
1.
Conventional-tillage farming means plowing in the fall and leaving the soil bare all winter, making it vulnerable to wind and erosion.

3.
Minimum-tillage farming allows the soil to rest over the winter.  The subsurface soil is broken up and loosened but the topsoil is not turned.

4.
No-till farming uses special machines to inject seeds, fertilizers, and herbicides into thin slits in the unplowed soil and, then, cover the slits.

D.
Fertilizers can help restore soil nutrients, but runoff of inorganic fertilizers can cause water pollution.
1.
Organic fertilizer can be used to restore lost plant nutrients.

a.
Animal manure improves soil structure, adds nitrogen, and stimulates soil bacteria and fungi.

c.
Green manure plows freshly cut or growing green vegetation into the soil to increase organic matter and humus.

d.
Microorganisms in the soil break down organic matter in leaves, food wastes, paper and wood to form compost.

2.
Crop rotation plants different crops to replenish the soil, especially if a previous crop has depleted the soil of certain nutrients.

3.
Commercial inorganic fertilizers, used with organic fertilizers, can restore soil fertility.

a.
Commercial inorganic fertilizers contain nitrogen (N), phosphorus (P), and potassium (K).

E.
In organic farming the food is produced without the use of pesticides, synthetic fertilizers, antibiotics, growth hormones, or genetic modification.  According to the USDA, food products must meet all of these provisions if they are labeled as organic.
