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Core Case Study- Golden Rice

· Genetically Modified Food (GMF)

· Designed to produce Vitamin A in rice

· Cheap way to get Vitamin A to poor people

· Could be a public relations ploy to soften consumer opposition to GMFs

· Draws funding attention away from vitamin A capsules

· Some poor still may not be able to purchase rice.

Three major food challenges:
1. Poverty that keeps hundreds of millions of people malnourished

2. Providing and distributing food for 9 billion people by 2050

3. Feeding 9 billion people in an environmentally sustainable manner that does not degrade soil and water resources needed to make food.

Food Security:

· Poverty is the root cause of hunger and malnutrition

· Can be provided by government programs that help poor help themselves, family planning, education and jobs and small loans.

· Depends greatly on reducing harmful effects of agriculture (soil & water resource depletion)

· Three most important grains- Rice, Corn & Wheat

Developing Countries

· Contain most malnourished people/children

· Suffer mental retardation, stunted growth and die from diseases such as measles & diarrhea

· Live on low protein, high carb, vegetarian diet.

· 1/6 people in developing countries is malnourished.
Typical missing vitamins:
1. A-  Lack of vit. A can lead to increased susceptibility to disease, blindness & death.

2. Iron- component of hemoglobin, lack causes anemia

3. Iodine- essential for proper function of thyroid gland (controls metabolism).  Lack cause stunted growth, mental retardation and goiter- which leads to deafness.

6 solutions to preventing childhood deaths from malnutrition:
1. immunizing children against childhood diseases (measles)

2. Encouraging breast feeding

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

4. Preventing blindness by giving children Vitamin A capsule twice a year (75 cents/child)

5. Providing family planning services (limit births at least 2 yrs apart)

6. Increasing education for women

Food Production:

Three primary methods of food production- 

1. Croplands produce grain (77% of worlds food from 11% of land)

2. Rangelands produce meat (16% of world’s food using 29% of world’s land)

3. Oceanic Fisheries- aquaculature- (7% of world’s food)

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 inorganic 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.

Limits to food production:
1. Environmental degradation

2. Pollution

3. Lack of water for irrigation

4. Overgrazing by livestock, 

5. Overfishing,

6. Rising temperatures 

7. Increasing fuel costs

8. Loss of vital ecological services.

Who gets the grain?
Most people’s diet is primarily Grains- but now grains are being fought over to

1. feed people


2.  feed cattle

3. produce biodiesel fuel such as ethanol

Know following terms:
Industrialized agriculture, high input agriculture, plantation agriculture, cash crops, feedlots, 

Who spends the most on food? (developed or undeveloped?)

· Developed countries- about 2% of income on food

· Developing countries- about 40% of income on food.

· World’s poor spends 70% of their income on food (1.2 billion)

Developed countries pay more for groceries due to

1. Taxes to give subsidies
2. Taxes to deal with pollution clean up of agriculture

3. Taxes to pay for environmental degradation of agriculture

4. Increased health & insurance bills related to harmful environmental effect of agriculture
Traditional Agriculture-
Describe subsistence agriculture, intensive agriculture, interplanting,, polyvarietal cultivation, intercropping, agroforestry, alley cropping, polyculture. 

Soil erosion & degradation:

· Entire civilizations have collapsed due to mismanaged topsoil

· 15-20 cm of topsoil (6-8 inches) is all that stands between the world & mass starvation.

· 1 inch of topsoil takes decades to several hundred years to be replaced.

Soil erosion

· Occurs when there is no vegetation to hold topsoil in place.

· Flowing water causes most soil erosion

· Wind can remove topsoil in dry flat areas

Two most harmful effects of soil erosion

1. Loss of soil fertility

2. Water pollution of nearby surface waters where eroded soil end up

U.S Makes ground on preventing soil erosion

Soil erosion has dropped due to

1. Planting crops without disturbing the soil

2. Government sponsored soil conservation programs

3. 1985 Farm Act- created subsidies for not farming highly erodible land
Desertification:

Know what desertification is- Fig 13-12.

Salinization- 

Know what it is & what causes it

Know fig 13-15

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.

A.
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.

2.
Conservation-tillage farming disturbs the soil as little as possible while planting.

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.

5.
About 40% of U.S. soil used conservation tillage in 2004.  The USDA estimates that using it on 80% of cropland would reduce soil erosion by 50% or more.

B.
Terracing, contour planting, strip cropping, alley cropping, and windbreaks are additional methods that can reduce 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.
Plant cover crops like rye or alfalfa after harvest.

5.
Leave crop residues on the land after harvest.

6.
Alley cropping/agroforestry plants several crops together in strips/alleys between trees or shrubs, which may provide fruit or fuelwood.

a.
The shade of the trees/shrubs reduces evaporation and helps retain soil moisture.

b.
Fruit, fuelwood, and trimming can be used as mulch.

7.
Windbreaks or shelterbelts of trees reduce wind erosion, help retain soil moisture, provide fuelwood, and support bird and insect habitats.

C.
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.

b.
U.S. Department of Agriculture researchers are evaluating the value of burnt chicken wastes that are rich in phosphorus as an organic fertilizer

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.
Inorganic fertilizers, used with organic fertilizers, can restore soil fertility.

a.
Commercial inorganic fertilizers contain nitrogen, phosphorus, and potassium.

b.
There are advantages and disadvantages to the use of inorganic fertilizers (figure 14-15).
The Green Revolution and its Environmental Impact

1.
Key grain crops of plant monocultures 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 number of crops grown per year is increased through multiple cropping.

4.
There have been two green revolutions. The first revolution occurred in developing countries between 1950-1970. The second revolution has occurred since 1967 in developing countries with enough rain and/or irrigation capability.

a.
Fast-growing dwarf varieties of rice and wheat, especially for tropical and subtropical climates, have been introduced.

b.
Use of pesticides, water, and fertilizers, food yields have increased.

c.
Several crops can be planted during one year increasing food yields further.

d.
Such revolutions use machinery and fossil fuel to plant and harvest.

· Lack of water, high costs for small farmers, and physical limits to increasing crop yields hinder expansion of the green revolution.

· Modern agriculture has a greater harmful environmental impact than any human activity.

· Loss of a variety of genetically different crop and livestock strains might limit the genetic raw material needed for future green and gene revolutions.

The Gene Revolution

A.
To increase crop yields, we can mix the genes of different organisms. Farmers and scientists have used crossbreeding and artificial selection to develop genetically improved varieties of crop strains.

1.
The current third green revolution – a gene revolution – involves using genetic engineering to develop improved strains of crops and livestock.

2.
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.
This process takes 6 times as much time as traditional methods to develop a new crop.

b.
It cuts costs.

c.
It allows for all kinds of potential product development.

d.
More than 2/3rds of food products on the U.S. shelves contain ingredients made from genetically engineered crops.

e.
Scientists are experimenting with cell cultures to produce a variety of food and medical products in fermentation tanks or bioreactors.

B.
Genetic engineering holds much promise but has some disadvantages. GMF (genetically modified food) has generated much controversy and fear.

1.
GMF may possibly solve the world’s food problems.

2.
Advantages and disadvantages of GMF include the following:  (figure 13-19)
3.
The Ecological Society of America recommended more caution in releasing genetically engineered organisms into the environment.  

4.
Several scientists feel that genetic engineering of food is based on two faulty assumptions:  that world hunger is caused by a global shortage of food, and that genetic engineering is the only and best way to increase food production.

C.
There is controversy over legal ownership of genetically modified crop varieties and whether genetically modified foods should be labeled.   

1.
Patenting the seeds of GMFs has been subject to criticism, especially by farmers in developing countries. 

2.
GMFs are so labeled in Japan, Europe, South Korea, Canada, Australia and New Zealand.

3.
The U.S. Dept. of Agriculture opposed such labeling.

D.
A variety of unconventional foods are available, but face consumer resistance.

1.
One possibility is the winged bean, another is the quinoa plant grown in South America. Some insect species are edible and are called microlivestock.


Producing More Meat

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

1.
Meat and meat products are good sources of high-quality protein.

2.
Animals are also fed antibiotics and steroids. (know what these are for!)
3.
In the U.S. meat production consumes 70% of the country’s grain.

4.
80% of the world’s soybean production is fed to livestock.

5.
Industrial livestock production is one of the world’s biggest consumers of water.

6.
Oil is also an essential ingredient in meat production. One calorie of grain-fed beef takes 33% more fossil fuel energy than producing one calorie of potatoes.

7.
Cattle and dairy cows produce 16% of the world’s emission of the greenhouse gas methane.

8.
Meat produces large amounts of animal waste and pollutes the environment.

9.
Factory farms provide idea conditions for organisms that cause avian flu and mad cow disease.

10.
Raising cattle on rangelands and pastures is less environmentally destructive than raising them in feedlots.

B.
Eating more chicken and farm-raised fish and less beef and pork reduces the harmful environmental impacts of meat production. 

Catching and Raising More Fish and Shellfish

1.
Today, 75% of the world’s fisheries are being fished at or above their sustainable capacity.

2.
A 1995 study suggested that some depleted fish stocks could recover with careful management.

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

1.
Subsides include fuel tax exemptions, price controls, low-interest loans, and grants for fishing gear.

2.
Critics suggest shifting some of the money to buying out some fishing boats and retraining the crews.

B.
Raising large numbers of fish and shellfish in ponds and cages is the world’s fastest growing type of food production. Aquaculture is the process of raising fish and shellfish for food like crops, rather than harvesting them in the seas and inland waters.

1.
Fish farming cultivates fish in a controlled environment and harvests them at a particular size.

2.
Fish ranching holds species in fenced-in areas during the time they live in salt water and then releases them to harvest as they spawn in fresh water.

3.
The advantages and disadvantages of aquaculture are shown in Figure 13-24.

4.
Farm raised fish such as salmon have been found to contain more toxins than wild-caught fish.

5.
Figure 13-25 lists some ways to make aquaculture more sustainable.

Solutions:  Moving Toward Global Food Security

A.
People in urban areas could save money by growing more of their food, up to 70% of the world’s food is wasted.

B.
Governments can give farmers subsidies to encourage food production or let farmers and fishers respond to market demand. 

1.
Price controls keep prices artificially low.

2.
Farming subsidies and tax breaks encourage food production.

3.
Allow market demand to determine prices.  In this situation, poor people would suffer from likely rising food prices.  It is felt that this should be coupled with increased aid for the poor and lower middle class. 

C.
We can increase global food supply by slowing population growth, sharply reducing poverty, and slowing environmental degradation of the world’s soils and cropland. According to Lester R. Brown, president of the Earth Policy Institute, the world needs to

1.
Slow population growth

2.
Drastically reduce poverty

3.
Reduce topsoil erosion losses to below the natural rate of new topsoil formation

4.
Halt desertification that is engulfing cropland

5.
Eliminate overgrazing that is converting grassland to desert

6.
Arrest the fall in water tables by slowing the removal of water from aquifers so they can be recharged by precipitation

7.
Protect prime cropland from being converted to urban and other nonfarm uses

8.
Reduce the rate of global warming that threatens to reduce harvests in some areas

9.
Mount a crash program to stem the HIV epidemic in Africa.

Protecting Food Resources:  Pest Management

A.
Organisms found in nature control populations of most pest species as part of the earth’s free ecological services. 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.

2.
In natural ecosystems, natural enemies (organisms) control populations of about 98% of potential pest species.
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.
Plants have produced chemicals to ward off, deceive or poison herbivores for millions of years and is a co-evolutionary process.

3.
People used sulfur, arsenic, lead and mercury to kill insects on crops, but abandoned this practice in the 1920s when people were also poisoned.

4.
The first generation natural insecticides were nicotine sulfate, pyrethrum, and rotenone.

C.
Chemists have developed hundreds of chemicals that can kill or repel pests.

1.   DDT was the first of the second-generation pesticides.

2.
Since 1970 chemists have returned to natural repellents and poisons produced by plants.

3.
Since 1950, pesticide use has increased 50-fold and their toxicity has increased by 10-100 times.

4.
About 1/4th of pesticide use is for non-agricultural uses in the U.S.

5.
Children playing on lawns where pesticides have been used are particularly vulnerable to them.

6.
Broad-spectrum pesticides are toxic to many species. Narrow-spectrum pesticides are effective against a selectively defined group of organisms.

7.
Pesticides vary in their persistence, the length of time they remain deadly in the environment.

D.
Modern pesticides save lives, increase food supplies, increase profits for farmers, and are safe if used properly.

1.
Some important benefits of modern chemicals, shown in Figure 13-28, are:

a.
they save lives (an estimated 7 million)

b.
they increase food supplies (about 55% of the world’s potential food supply is lost to pests)

c.
they increase profits for farmers 

d.
they work fast

e.
when used properly, their health risks are very low compared to their benefits.

2.
Newer pesticides are safer and more effective than many older pesticides.

3.
Botanicals and microbotanicals are the basis for a number of new pesticides.

4.
Genetically engineered pest-resistant crops could also reduce the use of toxic insecticides.

E.
Scientists work to develop more efficient and safer pesticides but through Coevolution pests find ways to combat the pesticides we throw at them. 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

F.
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.

1.
Insects can rapidly become genetically resistant to widely used pesticides.

a.
The main problem with synthetic pesticides is that it accelerates the development of genetic resistance to these chemicals by pest organisms.

b.
About 1,000-1,500 organisms have developed genetic resistance to pesticides since 1945.  This has led to a reemergence of a number of diseases, especially in the tropics.  

2.
Farmers may also be on a financial treadmill where it costs more for less effective treatment of pest organisms.

3.
Some insecticides kill natural predators and parasites that help control the pest populations. 

4.
Pesticides do not stay put and can pollute the environment. Of the herbicides applied by spraying, more than 95% end up in the air, surface water, groundwater, sediments, food, and non-target organisms.

5.
Some pesticides harm wildlife such as honeybees needed for pollination of crops.  In addition they kill more than 67 million birds and 6-14 million fish each year.

6.
Some pesticides can threaten human health. At least 3.5-5 million agricultural workers in developing countries and at least 300,000 in the U.S. are seriously poisoned each year Premature death from cancers have been attributed to pesticide use. Children are much more susceptible to low levels of pesticides and other toxic chemicals.

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 by Congress 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 by the EPA.

b.
The EPA has banned or severely restricted 57 active pesticide ingredients between 1972 and 2005.

c.
The 1996 Food Quality Protection Act (FQPA) increased public protection from pesticides.

d.
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. A number of methods are available.

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.  The disadvantages are that they take weeks to kill an insect, are often ineffective if the infestation is large and they must be applied at the right time in the life cycle.

7.
Scald them. Hot water sprayed on crops has worked 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 cultivation and biological methods, and small amounts of selected chemical pesticides as a last resort.

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

2.
The Indonesian government banned 57 of the 66 pesticides used on rice. Within 5 years pesticide use dropped 65% and rice production rose by 15%. A well-designed IPM program can reduce pesticide use and pest control costs while increasing crop yields.

3.
IPM is an important form of pollution prevention that reduces risks to wildlife and human health.

4.
However, IPM requires expert knowledge about each pest situation and acts more slowly than convention pesticides.

5.
Widespread use of IPM is hindered by government subsidies for conventional chemical pesticides and opposition by pesticide manufacturers. There are not enough experts to help farmers shift to IPM.

6.
A growing number of scientists urge the USDA to use strategies to promote IPM in the United States.

 Solutions: Sustainable Agriculture

A.
We can produce food more sustainably by reducing resource throughputs and working with nature. Hunger, malnutrition and environmental degradation can be reduced by

1.
Slowing population growth

2.
Sharply reducing poverty

3.
Develop and phase in systems of more sustainable, low-input agriculture over the next few decades, and increase the use of organic agriculture.

4.
Figure 13-33 lists the major components of more sustainable agriculture, and Figure 13-34 shows the environmental benefits of organic farming over conventional farming.

B.
More research, demonstration projects, government subsidies, and training can promote more sustainable organic agriculture.

