
Food, Soil, and Pest Management 

Chapter 12 



Core Case Study: Grains of Hope  

or an Illusion?   

 Vitamin A deficiency in some developing 

countries leads to 

• Blindness 

• Death 

 

 1999: Porrykus and Beyer 

• Genetically engineered rice with beta-carotene 

and more iron 

 

 Is this the answer for malnutrition in these 

countries? 

 

 Challenge of increased food production 



Golden Rice: Genetically Engineered 

Strain of Rice Containing Beta-Carotene 



12-1 What Is Food Security and Why Is It 

Difficult to Attain?  

 Concept 12-1A  Many of the poor suffer health 

problems from chronic lack of food and poor 

nutrition, while many people in developed 

countries have health problems from eating too 

much food.  

 

 Concept 12-1B  The greatest obstacles to 

providing enough food for everyone are poverty, 

political upheaval, corruption, war, and the 

harmful environmental effects of food 

production. 



24,000 people starve to death daily 



Nutritional Requirements 
 An average person requires 2,200 Kilocalories a day to 

perform daily activities. 

 

 With extended food deficit, a person gets deprived of 

energy and becomes more susceptible to disease; 

especially children and elderly 

 

 According to W.H.O., approx. ½ of the world’s population 

is malnourished- (lacking the correct balance of proteins, 

carbs., vitamins, and minerals) 



FOOD SECURITY AND 

NUTRITION 

 The root cause of hunger and malnutrition is 
poverty. 
 

 Food security means that every person in a 
given area has daily access to enough 
nutritious food to lead an active and healthy 
life. 
 

 Need large amounts of macronutrients 
(protein, carbohydrates, and fats). 
 

 Need smaller amounts of micronutrients 
(vitamins such as A,C, D and E, and FE). 



Humans Eat a variety of Food 
 Grains are the largest component of the human 

diet 

 

 Corn, Rice and Wheat provide more than half of 
the world’s consumed calories. 

 

 Meat is the 2nd largest  (beef, veal, pork, and 
lamb) and poultry (chicken, turkey and duck) 

 

 Fish and shellfish are an important source of 
food for about 1 billion people mostly in Asia and 
in coastal areas of developing countries. 



Food and Nutrition 
 Carbohydrates 

• Sugars and starches metabolized by cellular 

respiration to produce energy 

 

 Proteins 

• Large, complex molecules composed of 

amino acids that perform critical roles in body 

 

 Lipids 

• Include fats and oils and are metabolized by 

cellular respiration to produce energy 



Food Insecurity and Malnutrition 
 Food Insecurity-people do 

not have access to to food. 

 

 Whether it be from economic, 

social or physical availability.  

 

 1 in 3 people has a deficiency 

of one or more vitamins and 

minerals 

 

 Lack of iodine - causes 

goiter - enlargement of 

thyroid gland  



Many People Suffer from Chronic Hunger 

and Malnutrition 

 Chronic undernutrition, hunger 

• Mental retardation and stunted growth 

• Death from diarrhea 

 

 Chronic malnutrition 

• Protein deficiencies 

 

 What progress in being made?  

• Overall numbers decreased 

• Diversion of corn for ethanol 

 



Malnutrition 
 Anemia- Fe deficiency is the 

most widespread nutritional 
deficiency in the world. (Grains, 
herbs, vegetables and meat can 
reduce anemia) 

 

 Kwashiorkor indicates an 
associated protein deficiency, 
resulting in a distended belly  

 

 Marasmus is a condition primarily 
caused by a deficiency in calories 
and energy. (undernutrition) 

 

 



Key Nutrients for a Healthy Human Life 



Many People Do No Get Enough Vitamins 

and Minerals 

 Most often vitamin and mineral deficiencies in 

people in developing countries 

 

 Iron (anemia – lack of vitality) 

 

 Vitamin A (susceptible to disease, blindness) 

 

 Iodine (thyroid function, goiter, stunted growth) 

 

 Golden rice (GMO – testing on children?) 



Woman with Goiter in Bangladesh 



Reasons for Under and Malnutrition 

 #1 reason is POVERTY! The lack of resources 

that allows one access to food. 

 

 Political and economic factors play an important 

role as well. (Refugee populations) 

 

 Large amounts of agricultural resources are 

diverted to feed livestock and poultry rather than 

people. 

 

 Global grain production has been level. (not 

increasing with the human pop) 



Acute Food Shortages Can Lead  

to Famines 

 Famine (severe shortage of food… wide-

spread starvation) 

• Usually caused by crop failures from 

• Drought 

• Flooding 

• War 

• Other catastrophic events 



War and the Environment: Starving 

Children in Famine-Stricken Sudan, Africa 





Overnutrition: Eating Too Much 

 Overnutrition and lack of exercise can lead to reduced life 

quality, poor health, and premature death. 

 

 A 2005 Boston University study found that about 60% of 

American adults are overweight and 33% are obese 

(totaling 93%). 

 

 Americans spend $42 billion per year trying to lose weight. 

 

 $24 billion per year is needed to eliminate world hunger. 



Over 1 billion are overweight! 



Many People Have Health Problems from 

Eating Too Much 

 Overnutrition (> one-third of U.S. obese) 

 

 Similar health problems to those who are 

underfed 

• Lower life expectancy  

• Greater susceptibility to disease and illness 

• Lower productivity and life quality 

 

 



12-2 How Is Food Produced?  

 Concept 12-2A  We have sharply increased 

crop production using a mix of industrialized and 

traditional agriculture. 

 

 Concept 12-2B  We have used industrialized 

and traditional methods to greatly increase 

supplies of meat, fish, and shellfish.  



Food Production Has Increased 

Dramatically 

 Three systems produce most of our food 

• Croplands: 77% 

• Rangelands, pastures, and feedlots: 16% 

• Aquaculture: 7% 

 

 Importance of wheat, rice, and corn  

 

 Tremendous increase in global food production 

 

 



Industrialized Crop Production Relies on 

High-Input Monocultures 

 Industrialized agriculture, high-input 

agriculture 

• monoculture 

• Goal is to steadily increase crop yield 

• Plantation agriculture: cash crops 

• Increased use of greenhouses to raise crops 



Traditional Agriculture Often Relies on 

Low-Input Polycultures 

 Traditional subsistence agriculture 

 

 Traditional intensive agriculture 

 

 Polyculture 

• Benefits over monoculture 

• Slash-and-burn agriculture 



Major Environmental Effects of 

Food Production:  Biodiversity 

 Loss and degradation of habitat from clearing 

grasslands and forests and draining wetlands 

 

 Fish kills from pesticide runoff 

 

 Killing of wild predators to protect live stock 

 

 Loss of genetic diversity from replacing 

thousands of wild crop strains with a few 

monoculture strains 

 



Traditional Agriculture:  

Low Input Polyculture 

 Research has shown 

that, on average, low 

input polyculture (more 

than one crop planted 

together) produces 

higher yields than high-

input monoculture. 

 

 However it takes time 

and planning 



Traditional Agriculture:  

Low Input Polyculture 

 Many farmers in developing countries use low-input 

agriculture to grow a variety of crops on each plot of land 

through: 

 

• Intercropping: two or more different crops grown at the 

same time (basically in rows next to eachother). 

 

• Agroforestry: crops and trees are grown together. 

 

• Polyculture: different plants are planted together. (beans 

with corn – beans climb up corn – everyone wins) 

 



Subsistence Agriculture 

 Self-sufficiency farming in which the farmers 
focus on growing enough food to feed 
themselves and their families. 

 

 Typically uses traditional low input agricultural 
methods 

 

 Examples: 

• Shifting cultivation 

• Slash and burn agriculture 

• Nomadic herding 

• Intercropping 

 



A Closer Look at Industrialized Crop 

Production 

 Green Revolution: increase crop yields 

• Monocultures of high-yield key crops 

• E.g., rice, wheat, and corn 

• Use large amounts of fertilizers, pesticides, and 

water 

• Multiple cropping 

 

 Second Green Revolution 

 

 World grain has tripled in production 



Global Outlook: Total Worldwide Grain 

Production (Wheat, Corn, and Rice) 



Case Study: Industrialized Food 

Production in the United States 

 Agribusiness: few multinational corporations 

produce most of our food 

 

 Annual sales (ca. 20% of U.S. GDP) 

 

 Food production: very efficient 

 

 Percent of income spent on food (U.S. 

consumers spend ca. 2%; in developing 

countries, ca. 40%) 

 

 



Crossbreeding and Genetic Engineering 

Can Produce New Crop Varieties (1) 

 Gene Revolution 

• Cross-breeding through artificial selection 

• Slow process 

 

 Genetic engineering 

• Genetic modified organisms (GMOs): 

transgenic organisms 



Crossbreeding and Genetic Engineering 

Can Produce New Crop Varieties (2) 

 Age of Genetic Engineering: developing crops 

that are resistant to 

• Heat and cold 

• Herbicides 

• Insect pests 

• Parasites 

• Viral diseases 

• Drought 

• Salty or acidic soil 
 

 Advanced tissue culture techniques 



Animation: Transferring genes into 

plants 

videos_animations/transgenic_plants.html


Fig. 12-16, p. 291 

TRADE-OFFS 
Genetically Modified 

Crops and Foods 

Projected 
Advantages 

Projected 
Disadvantages 
Irreversible and 
unpredictable 
genetic and 
ecological effects 

Need less fertilizer 

Need less water 

More resistant to 
insects, disease, 
frost, and drought 

Harmful toxins in 
food from possible 
plant cell mutations 

Grow faster New allergens in food 
Can grow in slightly 
salty soils 

Lower nutrition 

Increase in pesticide- 
resistant insects, 
herbicide- resistant 
weeds, and plant 
diseases 

May need less 
pesticides 

Tolerate higher 
levels of herbicides 

Higher yields 
Can harm beneficial 
insects 

Less spoilage Lower genetic 
diversity 



Part 2: Soil Composition 



Soil 
Uppermost layer of earth’s crust that 

supports plants, animals and microbes 

 

Soil Forming Factors 

1. Parent Material 

2. Time 

3. Climate 

4. Vegetation & Organisms 

5. Topography 

 



Science Focus: Soil Is the Base of  

Life on Land 

 Soil composition 

 

 Soil formation 

 

 Layers (horizons) of mature soils 

• O horizon: leaf litter 

• A horizon: topsoil 

• B horizon: subsoil 

• C horizon: parent material, often bedrock 

 

 Soil erosion 



Soil Formation and Generalized  

Soil Profile 



1.  Parent Material 
 Refers to the rock and minerals from 

which the soil derives. 

 

 The nature of the parent rock has a 
direct effect on the soil texture (think 
igneous vs sedimentary rocks) 

 

 Parent material may be native or 
transported to area by wind , water or 
glacier. 



2. Time 

 After enough time, soil reaches 

maturity. 

 

 Depends on several factors 

 

 On average it takes 500 years to form 

1 inch of soil.   



3. Climate 
Two most important factors that determine 
climate are Temperature and Moisture, they 
affect 

 

• Weathering processes 

• Microenvironmental conditions for soil 
organisms 

• Plant growth 

• Decomposition rates 

• Soil pH 

• Chemical reactions in the soil 



Formation of soil occurs faster in a 
climate with:  

 

• higher temperatures   

• (increase the speed of the 
reaction) 

 

• more rainfall  

• (provides water for chemical 
reactions) 



Weathering 
Physical 

 

 includes temperature 
changes (freezing and 
thawing), crystal 
growth, pressure, plant 
roots, burrowing 
animals 

 

 causes disintegration of 
parent material and 
facilitates chemical 
weathering 

Chemical 

 

 always in water 

 

 includes hydration, 
hydrolysis, oxidation. 

 

 examples : 

• oxidation of Fe to form 
limonite 



4.  Vegetation & Organisms 

 A single teaspoonful of soil is home to 

more than a billion organisms.  

 

 Bacteria and protozoans –  

 around 1 billion 

 Nematode worms—300 

 Springtails—15 

 Mites—20 

 Pseudoscorpions—1 



Larger Soil Organisms 
 Worms – digest materials that                           

make up humus and produce                        
castings (amazing worm poo) and                            
aerated soils with tunnels 
 

 Ants – aerate soils with tunnels and chambers, 
forage for food on surface and leave 
underground to decompose, bury seeds 

 



Ecosystem Services 
 Soil organisms provide ecosystem services 

 

 Important environmental benefits that 
ecosystems provide  

 

 Examples 

• Decaying and cycling organic material 

• Preventing soil erosion 

• Breaking down toxic materials 

• Cleansing water 

• Soil aeration (especially done by 
earthworms) 



Symbiotic Relationships  
 Mycorrhizae  – fungus on the roots of some plants 

 

 Rhizobium – Soil bacteria that fix Nitrogen  

• (remember them?... And our dead experiment in the 

back?) 

• Found on Legumes (peas, clover, peanuts etc…) NOT 

ON potatoes! 
 

 Helps plants absorb essential nutrient                                             

minerals from the soil 
 

 Mycelium – threadlike body of the fungus                                  

(extends beyond the roots) 

//upload.wikimedia.org/wikipedia/commons/a/a5/Mycorrhizal_root_tips_(amanita).jpg


5. Topography 

 Physical characteristics of location 

where soil is formed. 

• Drainage 

• Slope direction 

• Elevation 

• Wind exposure 



Soil Composition 
 Mineral Particles (45%) 

• Weathered rock 

• Provides essential nutrients for plants 

 

 Organic Material (5%) 

• Litter, animal waste, dead remains of plants 
and animals, humus (picture) 

 

 Water (25%) 

 

 Air (25%)  

 



Texture of Soil 
 Relative proportion of sand, silt and 

clay determines TEXTURE 

 

 Soil textures are produced by the 
combination of  

• Sand 

• Silt  

• Clay 



 Sand - Basketball 

• Biggest 

• Can feel individual particles 

  

 Silt - softball 

 

 Clay- tip of your pen 

• Smallest 

• Can NOT feel individual particles  

• (think baby powder) 



 



Spaces in the Soil 
 40-60% of volume 

of soil is normally 
pore space (space 
in between the 
grains) 

 

 Spaces allow water 
and air to travel 
through soil. 

 

 Plant roots growing 
in the soil need air  



Permeability 
 The rate at which water (and air) 

moves from upper to lower soil layers.   

 Amount of room between grains (pore 
spaces) determines this 

 Larger pore spaces                                       
drain water quickly 

 Smaller pore                                             
spaces tend to hold                                     
water and drain                                           
much slower 



“Large” 

High permeability Low permeability 

Water Water 

Clay 

“Small” 

Silt 
“Medium” 

Sand 



Loam 
Soils made of a mixture of: 

• Sand 

• Silt 

• Clay 

 

~40% sand 

~40% silt 

~20% clay 
 



Soil Textural Triangle 

What type 

of soil am 

I? 

 

55% sand 

5% silt 

40% clay 



Soil Textural Triangle 

What type 

of soil am 

I? 

 

20% sand 

75% silt 

5% clay 



Soil Properties 

 Soil texture affects soil properties 

 

 Coarse textured soil (sandy) 

• Large Pore Spaces 

• Will not hold water well- flows through easily 

 

 Fine textured soil (high in clay) 

• Small Pore Spaces 

• Poor drainage 

• Low oxygen levels in soil 

• Due to negatively charged surface, able to hold onto 

important plant nutrients (K+, Ca2+, NO2
-) 





Soil pH 

 The pH of most soils ranges from 4.0 to 8.0.  

 

 But, the soil of the Pygmy Forest in 

California is extremely acidic (2.8-3.9) and 

in Death Valley, California, it is very basic 

(10.5). 

 

 Proper pH directly affects the availability of 

plant food nutrients 



Soil Nutrients 
 Macronutrients 

• Larger in atomic structure.  Ex. Nitrogen 

(N), Phosphorus (P) & Potassium (K). 

 

 Micronutrients 

• These are smaller in atomic structure.  

Plants need them in small amounts.  

• Ex. Selenium, Zinc & Iron. 



Meat Production and Consumption Have 

Grown Steadily 

 Animals for meat raised in 

• Pastures 

• Feedlots 

 

 Meat production increased fourfold between 

1961 and 2007 

 

 Demand is expected to go higher 



Industrialized Meat Production 



CAFO’s (confined animal feeding 

operations) 



Industrialized Meat Production Has 

Harmful Environmental Consequences 

 Advantages 

 

 Disadvantages 



Fish and Shellfish Production Have 

Increased Dramatically 

 Aquaculture, blue revolution 

• World’s fastest-growing type of food production 

• Dominated by operations that raise herbivorous 

species  

 

 Polyaquaculture 



Aquaculture 

•Farms (marine 

cages) –raise and cultivate fish 

and harvest when reach desired age or 

size.  

•Ranch –raise juveniles, then 

release to grow to adulthood in wild 

waters, then recapture when return to 

spawn (ex: salmon) *farm raised vs 

wild caught. (uncommon) 

 



Government Agricultural 

Policy 

 Artificially low prices 

 Subsidies  

 Elimination of price controls 

 Food aid 



Solutions:  Sustainable 

Agriculture 

 Low-input agriculture 

 Organic farming 

 More benefits to the poor 

 Increasing funding for research in sustainable 

techniques 

See Fig. 13-36 p. 308 



World Fish Catch, Including Both Wild 

Catch and Aquaculture 



Producing Fish through Aquaculture Can 

Harm Aquatic Ecosystems 

 Advantages 

 

 Disadvantages 



12-3  What Environmental Problems 

Arise from Food Production?  

 Concept 12-3  Food production in the future 

may be limited by its serious environmental 

impacts, including soil erosion and degradation, 

desertification, water and air pollution, 

greenhouse gas emissions, and degradation 

and destruction of biodiversity.   



Fig. 12-9, p. 286 

NATURAL CAPITAL 
DEGRADATION 

Food Production 

Biodiversity Loss Soil Water Air Pollution Human Health 

Loss and 
degradation of 
grasslands, forests, 
and wetlands 

Erosion Water waste Greenhouse gas 
emissions (CO2) 
from fossil fuel use 

Nitrates in 
drinking water 
(blue baby) Loss of fertility Aquifer depletion 

Pesticide residues 
in drinking water, 
food, and air 

Fish kills from 
pesticide runoff 

Salinization 

Increased runoff, 
sediment pollution, 
and flooding from 
cleared land 

Greenhouse gas 
emissions (N2O) 
from use of 
inorganic fertilizers Waterlogging 

Killing wild predators  
to protect livestock 

Contamination of 
drinking and 
swimming water 
from livestock 
wastes 

Desertification Pollution from 
pesticides and 
fertilizers 

Greenhouse gas 
emissions of 
methane (CH4) by 
cattle (mostly 
belching) 

Loss of genetic 
diversity of wild crop 
strains replaced by 
monoculture strains 

Algal blooms and 
fish kills in lakes and 
rivers caused by 
runoff of fertilizers 
and agricultural 
wastes 

Bacterial 
contamination of 
meat 

Other air pollutants 
from fossil fuel use 
and pesticide  
sprays 



Fig. 13-12, p. 280 

Causes  Consequences  

Overgrazing Worsening  

drought Deforestation 
Famine 

Erosion 
Economic losses 

Salinization 
Lower living 

standards 
Soil compaction 

Natural climate 

change 
Environmental 

refugees 

Soil Erosion and Degradation 

Desertification: 

 

1/3 of the worlds land and 70% of all dryland are 
suffering from desertification. 

 



Topsoil Erosion Is a Serious Problem in 

Parts of the World 

 Soil erosion  

• Natural causes (wind & rain) 

• Human causes (logging, over grazing, ATVs) 

 

 Two major harmful effects of soil erosion 

• Loss of soil fertility 

• Water pollution (due to runoff) 

 

 

 



Natural Capital Degradation:  

Global Soil Erosion 



Natural Capital Degradation: 

Desertification of Arid and Semiarid Lands 



Fig. 13-13, p. 281 

Evaporation 

Transpiration 
Evaporation 

Evaporation 

Waterlogging 

Salinization: Waterlogging: 

1. Irrigation water contains small 

amounts of dissolved salts 

2. Evaporation and transpiration 

leave salts behind. 

3. Salt builds up in soil. 

1. Precipitation and irrigation water 

percolate downward. 

2. Water table rises. 

Less permeable clay layer 



Natural Capital Degradation: Severe 

Salinization on Heavily Irrigated Land 



There May Be Limits to Expanding the 

Green Revolutions 

 Can we expand the green revolution by 

• Irrigating more cropland? 

• Improving the efficiency of irrigation? 

• Cultivating more land? Marginal land? 

• Using GMOs? 

• Multicropping? 



Industrialized Agriculture uses ~17% of 

All Commercial Energy Used in the U.S. 

 Industrialized food production and consumption 

have a large net energy loss 



Food and Biofuel Production Systems 

Have Caused Major Biodiversity Losses  

 Biodiversity threatened when 

• Forest and grasslands are replaced with 

croplands 

 

 Agrobiodiversity threatened when 

• Human-engineered monocultures are used 

 

 Importance of seed banks  

• Newest: underground vault in the Norwegian 

Arctic (Svalbard) 



12-4 How Can We Protect Crops from 

Pests More Sustainably?  

 Concept 12-4  We can sharply cut pesticide use 

without decreasing crop yields by using a mix of 

cultivation techniques, biological pest controls, 

and small amounts of selected chemical 

pesticides as a last resort (integrated pest 

management).  



Nature Controls the Populations of  

Most Pests 

 What is a pest? 

 

 Natural enemies—predators, parasites, disease 

organisms—control pests 

• In natural ecosystems  

• In many polyculture agroecosystems  

 

 What will happen if we kill the pests?  



Natural Capital: Spiders are Important 

Insect Predators 



We Use Pesticides to Try to Control  

Pest Populations (1) 

 Pesticides   

• Insecticides 

• Herbicides 

• Fungicides 

• Rodenticides 

 

 Herbivores overcome plant defenses through 

natural selection: coevolution 



We Use Pesticides to Try to Control  

Pest Populations (2) 

 First-generation pesticides 

• Originated from nature 

 Second-generation pesticides 

• Paul Muller: DDT 

• Benefits versus harm 

• Rachel Carson “Silent Spring” 

 

 Broad-spectrum agents 

 

 Persistence 



Modern Synthetic Pesticides Have 

Several Advantages 

 Save human lives 

 

 Increases food supplies and profits for farmers 

 

 Work quickly 

 

 Health risks are very low relative to their benefits 

 

 New pest control methods: safer and more 
effective 



Modern Synthetic Pesticides Have 

Several Disadvantages (1) 

 Accelerate the development of genetic 

resistance to pesticides by pest organisms 

 Expensive for farmers 

 Some insecticides kill natural predators and 

parasites that help control the pest population 

 Pollution in the environment 

 Some harm wildlife 

 Some are human health hazards 



Modern Synthetic Pesticides Have 

Several Disadvantages (2) 

 David Pimentel: Pesticide use has not reduced 

U.S. crop loss to pests 

• Loss of crops is about 37%, even with 33-fold 

increase in pesticide use 

• High environmental, health, and social costs with 

use 

• Use alternative pest management practices 

 

 Pesticide industry refutes these findings 



Trade-Offs: Conventional Chemical 

Pesticides 



What Can You Do? Reducing Exposure 

to Pesticides 



Laws and Treaties Can Help to Protect Us 

from the Harmful Effects of Pesticides 

 U.S. federal agencies 

• EPA, USDA, FDA 

• Federal Insecticide, Fungicide Rodenticide Act 

(FIFRA) 

 

 Effects of active and inactive pesticide 

ingredients are poorly documented 

 

 Circle of poison, boomerang effect 

• Chemical can come back in imported food 

 

 

 

 



There Are Alternatives to Using 

Pesticides 

 Fool the pest (e.g., crop rotation) 

 Provide homes for pest enemies 

 Implant genetic resistance (GMOs) 

 Bring in natural enemies (biological controls) 

 Use insect perfumes (lure pests into traps) 

• E.g., pheromones  

 Bring in hormones (disrupt life cycles of pests) 

 Scald them with hot water 

 



Solutions: An Example of Genetic 

Engineering to Reduce Pest Damage 



Natural Capital: Biological Pest Control 



Integrated Pest Management Is a 

Component of Sustainable Agriculture 

 Integrated pest management (IPM)  

• Coordinate: cultivation, biological controls, and 

chemical tools to reduce crop damage to an 

economically tolerable level 

 

 Disadvantages 

• Requires expert knowledge 

• Takes more time 

• Initially cost can be high 

• Variation between sites 

 



12-5 How Can We Improve Food 

Security?  

 Concept 12-5  We can improve food security by 

creating programs to reduce poverty and chronic 

malnutrition, relying more on locally grown food, 

and cutting food waste.  



Use Government Policies to Improve 

Food Production and Security (1) 

 Control prices 

 

 Provide subsidies 

 

 Let the marketplace decide 



Use Government Policies to Improve 

Food Production and Security (2) 

 United Nations Children’s Fund (UNICEF) 
suggests these measures 

• Immunizing children against childhood diseases 

• Encourage breast-feeding  

• Prevent dehydration in infants and children 

• Provide family planning services 

• Increase education for women 

 



12-6 How Can We Produce Food More 

Sustainably? (1) 

 Concept 12-6A  Sustainable food production 

will require reducing topsoil erosion, eliminating 

overgrazing and overfishing, irrigating more 

efficiently, using integrated pest management, 

promoting agrobiodiversity, and providing 

government subsidies for more sustainable 

farming, fishing, and aquaculture.  



12-6 How Can We Produce Food More 

Sustainably? (2) 

 Concept 12-6B  Producing enough food to feed 

the rapidly growing human population will 

require growing crops in a mix of monocultures 

and polycultures and decreasing the enormous 

environmental impacts of industrialized food 

production.  



Reduce Soil Erosion 

 Soil conservation, some methods 

• Terracing 

• Contour planting 

• Strip cropping with cover crop 

• Alley cropping, agroforestry 

• Windbreaks or shelterbeds 

• Conservation-tillage farming  

• No-till 

• Minimum tillage 

 

 Identify erosion hotspots 



(a) Terracing (b) Contour planting and strip cropping 

(c) Alley cropping 
(d) Windbreaks 

Fig. 12-24, p. 302 
Stepped Art 



Solutions: Mixture of Monoculture Crops 

Planted in Strips on a Farm 



Case Study: Soil Erosion in the United 

States—Learning from the Past 

 What happened in the Dust Bowl in the 1930s? 

 

 Migrations to the East, West, and Midwest 

 

 1935: Soil Erosion Act 

 

 More soil conservation needed 



Natural Capital Degradation: Dust Storm, 

Driven by Wind Blowing across Eroded Soil 



American Dust Bowl 
 Great Plains have low 

precipitation and subject to 
drought 

 1930-1937 severe drought 

 No natural vegetation roots 
to hold soil in place 

 Native vegetation replaced 
by annual crops 

 Winds blew soil as far east 
as NYC and DC. 

 Farmers went bankrupt 



Soil Conservation Policies in US 

 Soil Conservation Act 1935 

• Authorized formation of Soil Conservation Service, now 

called Natural Resource Conservation Service (NRCS) 

• Assess soil damage and develop policies to improve soil 

 

 Food Security Act (Farm Bill) 1985 

• Required farmers with highly erodible soil had to change 

their farming practices 

 

• Instituted Conservation Reserve Program (CRP) 

• Pays farmers to stop farming highly erodible land 



Soil Conservation Practices 

Conservation Tillage 

 

• Residues from 
previous year’s crops 
are left in place to 
prevent soil erosion 

 

• Includes no till 
agriculture 

 



Soil Conservation Practices 

Crop Rotation 

 

• Planting a series of different 

crops in the same field over a 

period of years 

 

• Lessens pest and insect 

disease 

 

• Lets nutrients specific for 

certain plants naturally 

replenish 
 



Soil Conservation 

Practices 
Contour Plowing 
 

 Plowing around hill (following natural contour 

of land) instead of up-down 

 Decreases soil erosion 

 

http://mycozynook.com/32_09bContourTillage-L.jpg


Soil Conservation Practices 
 

Strip Cropping 
 

 Alternating strips of different crops along 

natural contours 

 



Soil Conservation Practices 

Terracing 
 

 Creating terraces on steep slopes to prevent 
erosion 



Soil Conservation Practices 
Agroforestry 
 

 Trees and crops are planted together to improve 
soil fertility in degraded soils 
 

 Trees grow much longer and provide many soil 
benefits:  

 - reduces soil erosion 

 - regulates water  

 - provides habitat for natural  
  enemies of crop pests 

 - leaf litter regenerates soil 

 - shade 
 

 Example: Acacia trees and millet  



Soil Reclamation 
Two steps 

1. Stabilize land to 
prevent further erosion 

2. Restoring soil to former 
fertility 

 

Best way to do this is to 
plant shelterbelts 

 Row of trees planted to 
reduce wind erosion of 
soil 



Restore Soil Fertility 

 Organic fertilizer 

• Animal manure 

• Green manure 

• Compost 

 

 Commercial inorganic fertilizer active 

ingredients  

• Nitrogen 

• Phosphorous 

• Potassium 

 

 



Reduce Soil Salinization and 

Desertification 

 Soil salinization 

• Prevention 

• Clean-up 

 

 Desertification, reduce 

• Population growth 

• Overgrazing 

• Deforestation 

• Destructive forms of planting, irrigation, and 

mining 

 

 

 

 

 



Fig. 12-28, p. 305 

SOLUTIONS 

Soil Salinization 

Prevention Cleanup 

Flush soil (expensive 

and wastes water) 
Reduce irrigation 

Stop growing crops 

for 2–5 years 

Switch to salt-

tolerant crops (such 

as barley, cotton, and 

sugar beet) 

Install underground 

drainage systems 

(expensive) 



Practice More Sustainable Aquaculture 

 Open-ocean aquaculture 

• Choose herbivorous fish 

 

 Polyculture 

 

 



Solutions: More Sustainable Aquaculture 



Produce Meat More Efficiently and 

Humanely 

 Shift to more grain-efficient forms of protein 

 

 Shift to farmed herbivorous fish 

 

 Develop meat substitutes; eat less meat 

 

 Whole Food Markets: more humane treatment of 

animals 



Efficiency of Converting Grain into 

Animal Protein 



Science Focus: Scientists Are Studying 

Benefits and Costs of Organic Farming 

 Effect of different fertilizers on nitrate leaching in 

apple trees 

 

 Less nitrate leached into the soil after organic 

fertilizers were used 

 

 Significance? 

 



Fig. 12-32, p. 308 

SOLUTIONS 

Organic Farming 

Improves soil fertility 

Reduces soil erosion 

Retains more water 
in soil during 
drought years 

Uses about 30% less 
energy per unit of yield 

Lowers CO2 emissions 

Reduces water pollution 
by recycling livestock 
wastes 

Eliminates pollution  
from pesticides 

Increases biodiversity 
above and below ground 

Benefits wildlife such 
as birds and bats 



What Can You Do? Sustainable  

Organic Agriculture 


