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Agriculture and Pesticides
Food Production
At present 11% of the world’s land is being used to produce crops. This represents a third of the land
estimated to be suitable for crop production. Another 20% is used for grazing livestock.
Humans obtain 90% of their caloric intake from 23 organisms
(15 plant and 8 animal). Corn, rice and wheat provide
approximately 50% of the calories people consume. Although
these grains have enabled farmers to produce vast amounts of
food, the success of these three crops is predicated upon the
liberal application of inorganic fertilizers, pesticides, and
intensive irrigation. They are also dependent upon low-cost
fossil fuels. The use of these resources on a large-scale is
known as industrialized agriculture (high-input agriculture).
Developed countries consume more than 50% of the world’s
grain with over 70% of corn being used to feed livestock.
People of developing countries have diets that consist mostly
of grain (greater amount of calories lower on the food chain)
with very little meat.
History
Hunter-gatherers survived collecting wild plants and hunting native animals. Generally they were
nomadic with a high infant mortality rate and short life span (30-40 years). Advanced groups used more
advanced tools, converted forests to grasslands, and contributed to the extinction of some larger animal
species.
Ten thousand years ago there was a shift from nomadic hunting and gathering to settled communities.
Farmers were able to provide more food than needed by their own family. This shift is known as the
Agricultural Revolution. However, this way of life contributed to habitat destruction, overgrazing and
soil erosion. During the eighteenth and nineteenth century (Industrial Revolution), the cotton gin, the
reaper, and the threshing machine all improved yields.
Between 1950 and 1970, there was a dramatic increase in the yield per acre of cropland (double the
production of 1940’s). This period in history is known as the Green Revolution. The increase was
dependent upon four key concepts:
1. developing and planting monocultures of key crops
2. liberal use of inorganic fertilizer instead of organic fertilizers
3. development and use of new pesticides
4. increased irrigation
These practices have allowed food production to keep pace with population growth, but not without
consequences. Industrial agriculture uses huge amount of water, energy, and industrial chemicals. This
has led to a shortage of fresh water in many areas, pollution, and may also be partially responsible for the
collapse of US bee populations (insect-pollination directly contributes $20 billion to the US economy
annually).
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Although industrial agriculture has greatly increased yields in developed countries, developing countries
still rely heavily on subsistence farming. These farmers grow enough food for themselves and their
families. Planting decisions are based on the family’s need not the marketplace. Another type of
subsistence farming is slash-and-burn. This unsustainable method is often employed in the tropics.
Trees are cut down and burned in place. The ash is used to amend the soil. After a very short time, the
soil is depleted of its nutrients and the cycle is repeated. Intensive subsistence farming is common in
India and China and enables farmers to produce excess that can be exchanged for other goods.
Both industrialized agriculture and subsistence farming have great impact on the environment. This
includes soil erosion, desertification, water deficits and loss of wild species.
Many questions surround Earth's carrying capacity. What is the cultural carrying capacity (quality of
life)? Can we significantly increase food production? Will developed countries be able to continue
eating from the top of the food chain?
Pesticides
Pesticides are chemicals or biological agents developed to kill undesirable organisms. These include
insecticides, herbicides, and fungicides. Pesticides increase food production while lowering the cost.
It is estimated that the price of food in the US would increase by 50% if pesticides were not used.
Pesticides also increase farmers’ profits by minimizing losses.
In the United States, approximately 25,000 different pesticide products are manufactured. About 2.5
million tons of pesticides are used yearly, worldwide. Some of these pesticides remain active in the
environment for long periods of time (persistence).
Pesticides were first used 4,500 years ago (sulfur as an insecticide). During the 15th century, arsenic,
mercury, and lead were being used as insecticides. Pyrethrum and rotenone (derived from plants) were
introduced during the 19th century.
In 1939, Paul Mueller discovered that DDT was a powerful insecticide. It quickly became the world’s
most used pesticide and was instrumental in eradicating malaria in many parts of the world. Since 1945,
DDT and other insecticides have probably prevented the deaths of at least 7 million people. However, it
did have unintended consequences. Rachel Carson chronicled this in Silent Spring. Due to its lipophilic
properties, DDT was readily stored in the fat of organisms. This allowed for a high potential of
bioaccumulation. When predatory birds consumed prey with high concentrations of DDT
(biomagnification), it resulted in an interference with deposition of calcium in egg formation. This led
to very poor reproductive rates and a sharp population decline of eagles, falcons and the brown pelican.
Pesticides also drive evolution, artificially selecting for insects that are resistant (genetic resistance).
This leads to populations that are immune to the effects of the pesticide (pesticide treadmill). Broadspectrum insecticides also kill good insects.
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Pesticide Regulation
In the United States, the EPA must approve all commercial pesticides. When a pesticide is legally approved

for use of fruits or vegetables, the EPA sets a tolerance level, which specifies the amount of toxic
pesticide residue that can legally remain on the crop. Exposure to pesticides in food causes many cases
of cancer each year in the United States.
To protect consumers, the Food Quality Protection Act was passed in 1996. It required new standards
for pesticide tolerance levels in foods. It also required manufacturers to demonstrate that their pesticides
were safe for infants and children.
Alternative to pesticides include:
• Crop rotation and interplanting– variety minimizes the impact of predation that occurs on
monocultures
• Genetically resistant plants – use genetic engineering to build pest resistance into crops
Ex. BT corn (GM)
• Biological control – use natural enemies to help control pests (predators, parasites, and
pathogens)
• Integrated Pest Management (IPM): In this approach, each crop and its pests are evaluated and
a control program is developed that includes physical, biological and chemical methods of pest
removal. The goal is not to eliminate pest populations completely, but to reduce them to an
economically acceptable level.

®

Copyright © 2013 National Math + Science Initiative , Inc., Dallas, TX. All rights reserved.

