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Food Security

Every person in a given area has enough 
nutritious food to live an active and 
healthy life

As humans we produce more than enough 
food for everyone to have basic food 
security, but still in developing countries 
about 1 in 6 does not have enough food. 

Basic Food needs
Macronutrients (proteins, lipids, 
carbohydrates)

Micronutrients (vitamins and Minerals)
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Nutrition

Undernutrition - not consuming enough 
food

Malnutrition - not getting enough of 
necessary Macro and Micro nutrients 

Both of these can be considered “Chronic” 
if it is a continuous problem

What problems can result from these 
conditions?

Iron Deficiency 
causes anemia (fatigue, increased possibility of 
infection, hemorrhaging) 

Estimated 1 in 5 people suffer from this 
(usually women and children)

Golden Rice - rice genetically engineered to 
contain more iron and Vitamin A

Some say this is just a ploy to stop 
opposition to genetically engineered crops

Still more research has to be performed to 
substantiate claims

Iodine Deficiency
Iodine necessary for proper thyroid function

Thyroid produced hormones that regulate functions of 
metabolism

Iodine is found in seafood and crops from iron rich soils

Chronic lack of iodine causes: stunted growth, mental 
retardation, and goiter (swollen thyroid gland which can lead to 
deafness)

Estimated 600 million people suffer from goiter and 26 million 
children suffer brain damage each year from lack of iodine

Adding trace amounts of iodine to salt has reduced this problem
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Famine
Occurs when a severe shortage of food in an 
area leads to mass starvation, many deaths, 
economic chaos, and social disruption

Can result in mass migrations of people

Main causes:

Crop failures

Drought

Flooding 

War

Overnutrition
Occurs when food energy intake exceeds energy use and causes 
storage as fat

Face similar problems to those undernourished

lower life expectancy

greater susceptibility to disease and illness

Lower productivity and quality of life

1 out of 4 people worldwide are overweight

United States 2 out of 3 are overweight and 1 out of 3 are obese  

Americans spend an estimated $50 billion on losing weight each 
year.  The UN estimates that undernutrition and malnutrition 
could be eliminated with $24 billion.

Food Production
Three Systems 

Croplands (77% of world’s food)

Uses 11% of world’s land area

Rangelands (16% of world’s food)

Uses 29% of world’s land area

Oceanic fisheries (7% of world’s food)
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Food Consumption
Estimated 50,000 edible plant species

90% of world’s calories consumed come from 14 
species

Wheat, rice, and corn provide 47% of calories

What problems could this cause?

Our nutrition vulnerable to disease and 
environmental degradation of a small number of 
species

Violates biodiversity principle of Sustainability

Monocultures vs. 
Polycultures
Industrial agriculture (high-input agriculture)

Produces Monocultures (single crop type)

Relies on: heavy equipment, fossil fuels, water, 
artificial fertilizers, and pesticides

Traditional subsistence agriculture (provide food for farm 
family’s survival) and Traditional intensive agriculture 
(Provide for family survival with limited amount to sell for 
income)

Produce Polycultures (several types of crops)

Relies on: Human labor, Animal labor, natural 
fertilizers, and water

Variations of Food 
Production 
Plantations (Monocultures)

Hydroponics and Greenhouses (Monocultures)

Uses as much as one-fifth as much water

Slash-and-Burn (polycultures)

Burning and clearing areas (usually in tropical 
forests) to grow crops until soil nutrients are 
used up (usually only a few years)

Can take up to 30 undisturbed years for soil to 
again be fertile
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“Green Revolution”
High-input industrialized agriculture to increase crop 
yields

Three steps:

Selectively breed and genetically engineer varieties 
of key crops (rice, wheat, and corn)

Use large inputs of fertilizers, pesticides, and water

Increase number of crops grown in one area through 
multicropping 

Second Green Revolution - fast growing, dwarf varieties 
bred for tropical areas

Grain Production

FIG. 12-5

Crossbreeding and 
Genetic Engineering
Both forms of Artificial Selection 

Crossbreeding - slow process, achieved through 
selectively breeding organisms with desirable traits 
with each other

Genetic Engineering - faster, involves the addition or 
deletion of genes to create organisms with the most 
desirable characteristics

Resulting organisms called GMOs (genetically 
modified organisms)
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Genetic 
Engineering

Develop crops that are resistant to:

Heat and Cold

Herbicides

Insect pests

Parasites

Viral diseases

Drought

Salty or acidic soils

FIG. 12-6

Meat Production

Half of the world’s meat comes from 
industrialized feedlots

Huge areas of grazing lands are overtaking 
crop lands forcing countries to import 
grains to support their populations

Fish and Shellfish 
Production

Fishery - concentration of particular aquatic 
species suitable for commercial harvesting

Aquaculture - raising marine and freshwater fish in 
ponds and underwater cages

FIG. 12-8
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Fishery Status

25% of the world’s fisheries are virtually 
depleted

52% have been fully exploited 

This means 77% of fisheries are 
overexploited

Consequences of Food 
Production
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Food Production and 
Energy Use

About 10 units of nonrenewable energy is 
used to produce 1 unit of energy for the 
consumer

It takes 12.5 times as much energy to obtain 
fish than it provides to the consumer

To compare, using traditional farming each 
unit of energy put in nets 1 to 10 units of 
energy in the form of food
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Genetically Modified 
Foods
Producers say it can 
help solve world 
hunger

Critics say we do not 
know the long term 
impacts to human 
health and ecosystems

Ex. Pollen from 
GM foods can 
spread to native 
species thus 
limiting 
biodiversity FIG. 12-16

Industrialized Meat 
Production
Use huge amounts of energy

Generate huge amounts of waste

Waste is then leached through the ground 
and into water systems causing 
Eutrophication 

Dairy cow methane accounts for 16% of all 
global methane releases

More sustainably - Beef raised on grass emits 
40% less methane and uses 85% less energy

FIG. 
12-17

22

23

24



Aquaculture

Problems:

2003 study: Farmed salmon have 7 times 
more PCBs than wild salmon and 4 times 
more than feedlot beef

2004 study: Farmed salmon have 11 times 
more dioxin than wild salmon

FIG. 12-18

Pest Control
Ecosystem destruction (for farming, livestock, golf 
courses, etc.) leads to loss of biodiversity and thus 
loss of natural pest control

Natural control - Spiders kill more insects than man-
made pesticides

Artificial control - human made mechanisms

Pesticides - chemicals used to kill or control 
populations of organisms humans consider 
undesirable

Common types: herbicides (“weed” killers), 
fungicides (fungus killers), rodenticides (rodent 
killers), insecticides (insect killers)
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Pesticide Consequences
Not utilizing or harming coevolutionary 
relationships (organism defenses - ex. 
milkweed and monarch butterflies)

Many end up also being hazardous to 
humans

Broad-spectrum agents - toxic to pests and 
nonpests (ex. DDT)

Narrow-spectrum (selective) agents - 
effective only on a defined group

Pesticide persistence - length of time they 
remain deadly in the environment

DDT
dichlorodiphenyltrichloroethane

Used as an insecticide first in 1939

First “second Generation Pesticide” (produced in a 
laboratory)

Paul Müller received the Nobel Prize in 1948 for 
his discovery

In 1962, Rachel Carson (Silent Spring) alerted the 
public that DDT was killing not only pests

In 1972, DDT was banned in the U.S. and eventually 
banned worldwide under the Stockholm Convention

Environmental Impacts 
of DDT
High persistence, strongly absorbed by soil

Can survive in soil for up to 30 years

Can be found everywhere on earth (even the Arctic)

Bioaccumulates in body fat 

Biologically magnified through the food chain

Eggshell thinning (reason for Bald Eagles near 
extinction)

Ban on DDT credited with increasing populations
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Human Impacts of DDT

Disrupts the endocrine system (linked to 
diabetes and prenatal defects)

Suspected to cause cancer

POSITIVE IMPACT:

Drastically reduced cases of Malaria 

Unfortunately, mosquitos have built up a 
resistance

Benefits and Dangers of 
Synthetic Pesticides

FIG. 12-20

Legal Regulations
Government regulates use through FIFRA (Federal 
Insecticide, Fungicide, and Rodenticide Act of 1947 -
ammend. 1972)

1972 amending weakened regulations

Supposed to evaluate all active ingredients in 
pesticides but have only examined about 10%

Food Quality Protection Act (1996) - Allows EPA to 
reduce allowed levels by a factor of 10 if information is 
not present on harm to children

Circle of Poison (boomerang Effect) - U.S. companies can 
still export banned chemicals to other countries (Many 
of those countries export food to the U.S.) 
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Are Pesticides Effective?

Pesticide use has not reduced U.S. crop losses to 
pests (because of genetic resistance and loss of 
natural predators)

Us of pesticides has increased 33 times since 1942, 
but today 37% of food supply is lost compared to 
31% in the 1940s (Losses caused by insects have 
almost doubled despite 10 times more insecticide 
use)

Environmental, health, and social costs are 
estimated at $5-10 for ever $1 spent on pesticides

Alternative pest management (ex. introduction of 
native predators could cut use of pesticides in 
half without reducing crop yeilds

Pesticide Alternatives
Fool the Pest - crop rotation, adjust planting times

Provide homes for pest enemies - polyculture, cut grass 
longer (at least 3in)

Implant Genetic Resistance - this is controversial 

Bring in natural enemies - natural predators (saves 
money, but must be closely monitored)

Insect Pheromones - lure or trap pests, attract natural 
predators

Scald Them - Spray with hot water (does require large 
amounts of water and energy)

Integrated Pest 
Management

Integrated Pest Management (IPM) - 
sustainable approach that evaluates each 
crop and pest as part of an ecosystem

Programs are developed that combine 
cultivation controls, biological 
controls, and chemical tools applied in 
a coordinated way

These systems do not decrease food safety 
or crop yields (Some examples they increase 
- see Indonesia on page 300)
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Governmental Influences 
on Food Production
Control Prices - use price controls to keep consumers happy, 
but it reduces farmers’ ability to make a living

Provide Subsidies - Give farmers price supports, tax breaks to 
encourage food production

According to UN 31% of farm income is subsidies

Globally subsidies average $530,000 a minute

Subsidies often lead to unsustainable practices

Let marketplace decide - eliminate price controls and 
subsidies (but this would require additional aide to poor and 
middle class because of increased food prices)

Sustainable Aquaculture

FIG. 
12-29

Move down Food Chain

Amount of kg of grain per kg of animal 
protein produced

FIG. 12-30
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Sustainable 
Agriculture

Organic agriculture- 
crops grown with little 
or no use of synthetic 
pesticides, synthetic 
fertilizers, or 
genetically engineered 
seeds

Livestock raised without 
genetic engineering, 
synthetic growth 
regulators, or feed 
additives

FIG. 12-31

Organic 
Farming

FIG. 12-32

FIG. 
12-33

Locally Grown Food

Supports local economy

Reduces transportation cost 

Reduces pollution from transportation

SUSTAINABILITY!!
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