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4 Agriculture and the Health of Your Watershed 

Module 4: Agriculture and the Health of Your Watershed 
 
Learning Objectives: 

1. Students will learn that agriculture is necessary to feed an ever-expanding 
world population. 

2. Students will understand why pesticides are used, how they contribute to 
water quality problems, and how farmers can reduce pesticide use and its 
impacts on water quality. 

3. Students will learn the role irrigation plays in food production, its impacts 
on water quality and quantity and how efficiency can be improved. 

4. Students will learn the role of fertilizers in agriculture, their impacts on 
water quality, and ways to reduce those impacts. 

5. Students will learn how their actions can impact local, national and global 
food production. 
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• Tour a farm during a local Harvest Celebration Farm Tour event. 
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Resource List ...................................................................................................87 
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4 Agriculture and the Health of Your Watershed 

Presentation Outline 
 
1) Introduction 

a) Discuss the role of agriculture, the challenges of feeding the world with an increased 
world population and reduced land base, and how to achieve greater efficiencies. 

b) Brief introduction to the topics to be covered 
i) Pesticides 
ii) Fertilizers 
iii) Agriculture and water quantity 
iv) Things the individual can do 

 
2) The role of pesticides in agriculture 

a) Why pesticides are used, who uses them, and how much are used. 
b) Evolution of classes of synthetic pesticides 
c) Impacts of pesticide use on water quality: 

i) How pesticides enter the water system 
(1) Drift 
(2) Runoff 
(3) Leaching 

ii) General water quality issues 
iii) Local issues 

d) Breaking the pesticide chain: Integrated Pest Management (IPM) 
i) Overview of IPM 
ii) Local Examples 

(1) Brassica system 
(2) Apple production 

iii) Pros and Cons of IPM 
 

3) Fertilizers 
a) Why fertilizers are used and how much is used 
b) Impacts on water quality: focus on Nitrogen 

i) How it enters the watershed 
ii) Impacts:  

(1) Eutrophication 
(2) Human Health 

iii) Protecting water from excess nutrients 
(1) Reducing amount 
(2) Reducing impacts 
 

4) Agriculture & Water Quantity 
a) Availability 

i) How much water is used and by whom; globally and locally 
ii) Ecological impacts of irrigation 
iii) How can agriculture reduce water use? 

(1) How water is lost during irrigation 
(2) Ways to increase irrigation efficiency 

 
5) Conclusions: agricultural impacts on water quality and quantity 
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6) What can the individual/volunteer do 
a) Eating is an environmental act, ways to improve agriculture at the local level 
b) Eating is a political act, ways to improve agriculture at the local level 
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Presentation Overview

• Why do we need agriculture?

• Water quality issues
Pesticides & pest control: keeping the 
food for us
Fertilizers: growing the food

• Water quantity issues 

• What you can do as an individual
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What is Agriculture?

• The science, art, and business of cultivating soil, 
producing crops, or raising livestock. 

• For the purpose of human consumption
Directly or indirectly

Speaker Notes:
Indirectly:  Example = corn cattle humans
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Why Do We Need Agriculture Today?

• To feed the people of the world
World population estimated at 6.1 billion 
humans in 2000

Estimated to grow to 9 billion in the next 
50 years

Global Issues, e.g. rising affluence

Locally, e.g. food security

Speaker Notes:
Global Issues, e.g. rising affluence:
• Over half of the world’s population is in Asia.  As their affluence level increases 
there will be increasing demands on food production, water quality and quantity.
• Imagine if each individual in the world had the same impact as someone from the 
United States:

• The lifetime impact of an American is: 2x that of a person born in Sweden, 
13x a person from Brazil, 35x a person from India, and 280x a person from 
Chad, Rwanda, Haiti, or Nepal. 

Local issues, (also see slides 59-63):
• Locally grown food can mitigate impacts of disruptions in global or national 
transportation infrastructure that may occur due to natural or man-made disasters 
or terrorism.
• Ask the audience for other local or global issues around why we need to consider 
food production at a local, individual consumer level.
• Try to bring discussions back to this topic as you continue to talk about impacts –
we do need to feed people.

References:
Speaker Notes data sources: Ehrlich, P.R. and A. H. Ehrlich (1990). The Population Explosion. 
Simon & Schuster.  From Carrol, C. R. & G.K. Meffe. Meeting conservation challenges in an 
uncertain future. Principles of Conservation Biology, 2nd edition. Sinauer Associates, Inc, 1997.
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How Much Food Do We Need?

• Caloric needs for sedentary adult male or female 
(approximately 2,000 and 1,600 calories per day respectively)

• Daily caloric needs for active males (per day):
Lumberjack = 4,000 calories 
Tour de Lance France competitor = 7,000 calories

• 800 Million people get only 800 calories per day (>1 in 
8) which translates to chronically malnourished
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Farmland in danger

Figures reproduced from American Farmland Trust

Speaker Notes:
Increasing population results in increased development of land for cities & 
people, and less to grow food.  High quality farmland and development centers 
often overlap.

References:
Figures reproduced from American Farmland Trust. Available at: 
http://www.farmland.org/farmingontheedge/map_washington.htm (other state maps available 
here also)
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Where will the food be produced?
World Grain Harvest
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•In spite of land 
pressure, the world’s 
annual grain harvest 
from 1950 to 1990 
nearly tripled.

Speaker Notes:
How have we managed to increase harvests with the pressures of decreasing 
farmland?

References:
Slide data source: FAOSTAT, July 2005.  Available at: 
http://faostat.fao.org/faostat/collections?version=ext&hasbulk=0
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Where will the food be produced?

• Terracing hillsides
• Draining wetlands
• Putting marginal land 

into production
• Inter-basin transfer of 

water

Historically have expanded production by:

Photo courtesy of USDA NRCS

Speaker Notes:
Marginal land:  is land that is not well suited for agricultural production, most 
likely requiring more than normal amounts of inputs (e.g. irrigation, fertilizers, 
etc.) to produce average or less than average yields.

Inter-basin transfer of water:  is the moving of water from one location for use 
in another, e.g. how Los Angeles gets the water it needs.
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Where will the food be produced?

• Should we continue to raise food in 
the U.S. or just import it all?

• Should we raise irrigated crops or 
just rain fed?

• How much water should go to:
Urban uses
Human consumption
Industrial uses
Food production

Choices we may need to make:

Photo courtesy of USDA NRCS

Speaker Notes:
These are the fundamental questions that need to be asked and should be 
kept in the back of your mind during this presentation/discussion and all other 
water related topics.
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How have we managed to grow more 
food on less land?

• After WWII, production grew dramatically due to 
technological innovations: 

Better chemical control of pests

Inorganic fertilizers to boost fertility

Improved performance in delivering and timing water to crops 
(improvements in irrigation)

New high-yielding crop varieties 

Nutritious livestock feed crops put more weight on faster
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The Challenge Facing Agriculture:

• Feed an ever increasing population with:
Decreased arable cropland (erosion and  development)

Decreased effectiveness of chemical inputs (fertilizers and 
pesticides)

Decreased water resources available for crop production

Speaker Notes:
Arable:  fit for or used for the growing of crops.

Water resources:  There is a fixed amount of water on the globe.  As the 
number of people increase and other needs are generated, food production 
often receives a decreased share of available water.

Some recent trends:
• Overall food production (in pounds) has increased worldwide. 
• Production rate per capita has stayed relatively flat over the last 40 years.
• Land area planted to crops per person has declined dramatically over the 
last last 40 years.

Implications:
• As the population continues to grow, people must live somewhere.  We will 
start to see a reduction in the amount of land used for food production.

How will we address this? (see next slide)
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How will we meet this challenge?
• Do we:

Use more pesticides to reduce crop loss?
Use more fertilizers to increase production?
Use more water resources in conjunction with 
fertilizers to increase production?
Put more marginal land into production?

• All of these will have an impact on your 
watershed.

• Or, are their other options?

Speaker Notes:
The issues on the previous slide will ultimately necessitate even greater 
production per unit of land likely more fertilizers, water, and pesticides.

3 scenarios regarding water resources: 
• Business as Usual: Declining investment in surface water irrigation and 
reservoir storage leads to increased withdrawals from already overdrawn 
aquifers.  Non-irrigation water use continues to increase (+62%), especially 
domestic consumption (+70%); leaving less water for agriculture and food 
production.
• Water Crisis: Persistent drought, global warming, moderate worsening of 
water policy and government investment.  Failing public infrastructure forces 
irrigation prices to rise.  Water efficiency declines, leading to local conflicts 
over water price and usage, illegal water withdrawals, failed management at 
watershed level, and the failure of key aquifers .  This leads to widespread 
farm failures and privatization of water resources.
• Sustainable Water Use: Greater volumes available for domestic 
consumption while maintaining food production at “business as usual” levels.  
This is the mission of CSREES’s Agricultural Water Security Initiative.

References:
Speaker Notes scenarios: Rosegran, M.W, Cai, X., and Cline, S.A. World Water and Food to 
2005, Dealing with Scarcity. International Food Policy Research Institute, Washington D.C. 
2002.
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• Why do we need agriculture?

• Water quality issues
Pesticides & pest control: keeping 
the food for us
Fertilizers: growing the food

• Water quantity issues

Presentation Overview
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Water quality issues
Pesticides & pest control: keeping 
the food for us
• Role, use, and history of pesticide use
• Impacts of pesticide use on water 

quality
• Reducing the impacts through 

Integrated Pest Management (IPM)

Fertilizers: growing the food

Presentation Overview

Speaker Notes:
These are the topics to be covered in the pesticide section.
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Water Quality and Pesticides 

• A chemical, physical, or 
biological agent that 

• contributes to mortality, 
decreases fecundity, or 
negatively alters behavior of

• organisms that we classify as 
pests, such as insects, weeds, 
rodents or fungi.Photo courtesy of Extension Entomology, Department of 

Entomology, Texas A&M University

The word pesticide is a general term referring to:

References:
Photo courtesy of Extension Entomology, Department of Entomology, Texas A&M University.  
Available at: http://vegipm.tamu.edu/chewing4/tomatohornworm.html
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Why Do We Need Pesticides?

• Each year, pests consume or destroy 30-48% 
of the world’s production 

Approximately 2/5 of annual crops in the U.S. are lost 
to pests and diseases, even after we apply all the 
pesticides.

• This translates to about $9 billion/year in 
human and animal food lost to pests in the U.S. 
alone.

Speaker Notes:
Pests include:  insects, mammals and birds, bacteria, fungi, virus and weeds. 
This number has not changed much since WWII, Early 1940s: 30%, 1990s: 37%
Yet there has been a 10-fold increase in pesticide use.  Why?
• Insect resistance to chemicals
• We have higher standards, what once was an acceptable product now has 
surface blemishes that cause it to be non-marketable and classified as lost to 
pest damage.

Discussion:  Ask participants how they would respond to scenarios like:
• You find a cabbage looper (caterpillar) in the broccoli at a salad bar
• You see a small brown spot in a green pepper at the grocery store next to a 
“blemish free” one, which do you buy?
• Compare the appearance of conventional versus organic produce – how much 
does appearance impact your purchase choice?  (You may want to purchase 
examples before hand and hold them up, asking which one people would buy 
and why, gradually adding in more/different info (e.g. one is organic)

References:
Speaker Notes pesticide use data source: Worldwatch Institute (2002). Vital Signs 2002: The 
trends that are shaping our future. New York, W.W. Norton & Company.
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Pesticide Use
• Estimated that home owners 

use 2-6 times the amount of 
pesticide per acre (versus 
agriculture)

• Decrease in use since 1980?
DDT applied @ 2kg/ha
Today’s chemicals:
• 0.1-0.05 kg/ha (50 g/ha)
• 10-40 times more effective (toxic) 

per unit than DDT

Actual “pounds of toxicity” 
has increased!

Pesticide Active Ingredient Used in US
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Speaker Notes:
Other interesting facts:
• 10% of U.S. land area (lawns, farms, forests) is treated with pesticides.
• North America uses about 30% of the world’s pesticides.
• In the U.S.:

• 62% of plant acreage is treated annually w/ some sort of pesticide (93% 
of the row crop area).  This includes herbicides, which have shown the 
largest increase in usage.
• If you look at just insecticide usage, only 5% of agricultural land in the 
U.S. gets treated annually.

References:
Slide graphic data source: Kiely, T., Donaldson, D., and Grube, A. (2004). Pesticides Industry 
Sales and Usage 2000 and 2001 Market Estimates (EPA Publication No. EPA-733-R-04-001). 
Washington, DC: U.S. Government Printing Office, (Table 5.9).
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Pesticide Use by Type & Market Sector
(2001 Estimate)

Graphic reproduced from EPA 2000-2001 Pesticide Market Estimates (Figure 3.3)

Speaker Notes:
• Herbicides are the most widely used pesticide in all sectors.
• Discuss how use differs between Agricultural, and Non-Agricultural 
(Industry/Comm/Gov’t, and Home & Garden) sectors.

References:
Graphic reproduced from Kiely, T., Donaldson, D., and Grube, A. (2004). Pesticides Industry 
Sales and Usage 2000 and 2001 Market Estimates (EPA Publication No. EPA-733-R-04-001). 
Washington, DC: U.S. Government Printing Office, (Figure 3.3).

4   Agriculture and the Health of Your Watershed

18



The Evolution of Pesticides

• Started with “naturals” (e.g. sulfur, nicotine), moved to 
chemicals increased efficiency

• 1st Generation:  Heavy Metals (arsenic, hydrogen 
cyanide)

Too toxic!

• 2nd Generation: 
Post WWII: 1945 – 1960
Synthetic & Organic (made by humans & contain carbon)

NOTE: The following 3 slides discuss the evolution of pesticides.  The 
detail in slides are not directly used during the remainder of the 
presentation and can be skipped if the presenter feels they are too 
detailed for the specific audience.
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Evolution of Synthetic Pesticides
• Chlorinated Hydrocarbons:  DDT

Magic bullet: broad spectrum, persistent (1-2 years), not water soluble
Discovered “magic bullet” = ecological problems
No longer used in the U.S.

• Organophosphates: Malathion, Diazinon 
Nerve toxin – broad spectrum
Lower persistence (weeks to months)

• Carbamates: Carbaryl, Carbofuran
Similar to OP’s, less human toxicity

Speaker Notes:
Chlorinated Hydro’s: the properties that made them so great are what caused 
problems.  They killed everything, lasted a long time in the environment and 
washed into water bodies resulting in fish kill.  Potential problems were brought 
to light with the publication of Rachel Carson’s Silent Spring, in 1962.  Yet the 
debate about ecological impacts of CH’s and DDT still continues. Additionally, 
DDT continues to be a very important control tool for some human health 
issues, e.g. controlling mosquitoes that transmit malaria.

Organophosphates versus Carbamates: OP’s bind permanently to the 
receptor sites on nerves and can accumulate over a lifetime (human toxicity) 
causing irreversible nerve damage.  Carbamates attack the nervous system in 
a reversible manner, destroying a chemical messenger (cholinesterase) which 
the body can naturally replace over time. 

Additional Information:
For more information on the debate about ecological impacts of CH’s and 
DDT, see: http://www.junkscience.com/ddtfaq.htm
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Evolution of Synthetic Pesticides,
continued

• Botanicals: Pyrethrum, Rotenone
Highly variable in environmental impact
Costly
Primarily used in Organic Agric.

• Pyrethroids:  
Synthetic version of pyrethrum
Short persistence
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Evolution of Synthetic Pesticides,
continued

• Biologically based:
Highly variable in environmental impact
Can be costly
Very important in organic agric. and becoming more prevalent in 
“conventional”

• Botanicals: Pyrethrum
• Naturals: Spinosad, insecticidal soaps
• Bacteria and viruses: Bacillus thuringiensis (Bt)
• Pyrethroids:

Synthetic version of pyrethrum
Short persistence in the environment

Speaker Notes:
Take home message for the evolution of pesticides is:
• Production is moving towards lower environmental toxicity (especially for 
water quality) including shorter persistence (quicker breakdown) in the 
environment.
• Tend to be more narrow spectrum (although pyrethroids are broad 
spectrum)

• Narrow spectrum pesticides:  Impact (e.g. kill) only a limited range of 
pests (e.g. just soft bodied insects).  For example there are varieties of Bt 
that kill just beetle larvae, there are sub-varieties that differentially impact 
certain taxa of lepidopteron larvae. 
• Broad spectrum Pesticides:  Impact a much larger range of pests (e.g. all 
insects).
• These are relative terms and are somewhat context specific.
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Pesticides Impacts
on Water Quality

• Enter water bodies through:
Air – drift
Runoff
Percolation into groundwater 
(leaching)

• Impact water quality for 
wildlife and humans

• Reduce soil fertility & nutrient 
cycling, increasing need for 
fertilizers

Photo courtesy of USDA NRCS.

Speaker Notes:
Soil fertility impacts:  
1. Pesticides reach soil, killing soil organisms and detritovores (decomposers 

that feed on dead organisms).  
2. This can reduce the amount and decomposition of soil organic matter 

(SOM) and mineralization, thus reducing overall soil fertility and creating an 
increased need for fertilizers.  

3. This process will also lead to a decrease in soil structure (especially when 
combined with fertilizer use). 

• SOM plays many important roles: sources of nutrients, builds and
maintains the soil ecosystem, increases water and nutrient retention, 
and is a key component of soil structure.  

• Loss of SOM reduces soil structure as crumb structure is lost, bulk 
density increases, soil porosity is reduced and soil biological activity 
declines.   

4. Loss of soil structure results in reduced nutrient and moisture holding 
capacities of certain soils, further resulting in increased fertilizer and water 
needs to support plant growth.
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Aerial Drift

• Movement of air-borne particles beyond target, 
influenced by:

Weather conditions
• Wind speed & direction
• Temperature inversions

Equipment, configuration and operation
• Distance between nozzle and target

Vapor drift through volatilization
• Increases with low relative humidity

Speaker Notes:
Temperature Inversions:  When air at ground level is cooler than air above. 
Result is horizontal movement of air that can lead to drift over several miles even 
in low/no wind conditions.
Equipment configuration and operation:
• High pressure delivery and small nozzle openings produce small droplets, 
which drift further than large droplets.
• Aerial spraying (via helicopter or plane): The National Research Council 
estimates that as much as 60 percent of a given chemical may drift off-target. 
Residues of drifting pesticides have been found as far as a mile away from target 
fields. 

• Example of aerial drift in WA:  Farmers raising fruit and flowers in the 
canyons of south-central Washington State suffered crop failures. (see 
citation in references for more details) 

Vapor Drift through volatilization (change from solid or liquid into gas) increases 
with:
• Higher air temperature and movement and higher temperatures at the treated 
surface (soil, plant)
• Smaller spray droplets

References:
Speaker Notes aerial spraying data source: Flogel, M. (1998). Backgrounder on Sulfonyl Urea 
Herbicides. Vermont Public Interest Research Group.  Available at: www.vpirg.org
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Runoff

• Pesticides enter runoff if they 
are:

Dissolved in water
Adsorbed to eroding soil

• Extent of runoff depends on:
Topography (slope of area)
Texture and moisture content of 
soil
Percent organic matter in soil
Amount and timing of water 
application

Photo courtesy of Living on the Land

When water is applied faster than 
soil can absorb it

Speaker Notes:
Speaker should make the link back to the general hydrology section, e.g topics 
like infiltration.

Adsorption is the binding of chemicals to soil.   Amount and persistence is 
determined by:
• Properties of the pesticide
• Soil moisture
• Soil pH
• Soil texture (the more organic matter or clay, the greater the adsorption)
Soil adsorbed pesticides are less likely to volatilize, leach, or be degraded by 
microorganisms and less available for absorption by plant roots and likely 
require higher application rates.  Absorption is an issue with pesticides 
dissolved in water as these can be absorbed by plants.

References:
Photo courtesy of University of Nevada Cooperative Extension (2001). Living on the Land: 
Stewardship for Small Acreages. Western SARE Professional Development Project: 
UNCE/WSARE CM-03-07
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Percolation into Groundwater (leaching)

• Influenced by:
Solubility of pesticide

Soil structure and texture

Amount and persistence of 
soil adsorption by pesticide

Amount and timing of water 
application

Sand
Silt 
Loam

Clay 
Loam

Coarse 
Texture

Medium 
Texture

Fine 
Texture

Movement of water 
through the soil

Graphic reproduced from Living on the Land

Speaker Notes:
Different soil types transmit water (and water-soluble pesticides) differently.   
• Sandy soils allow water to infiltrate rapidly, reducing risk of runoff, but
increasing threat to groundwater.  
• Infiltration rates for clay soils can be quite slow and the runoff potential is 
high, but the water holding-capacity is large, reducing threat to 
groundwater.  

This information pertains only to direct percolation into groundwater.  The 
movement of groundwater containing pesticides is affected by things like 
barriers to flow (e.g. rock formations) and lateral flow.  

Additional Information:
See Module 1 for more details on groundwater flow.

References:
Graphic reproduced from University of Nevada Cooperative Extension (2001). Living on 
the Land: Stewardship for Small Acreages. Western SARE Professional Development 
Project: UNCE/WSARE CM-03-07
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Impacts of Pesticides: 
Wildlife Bioaccumulation

• DDT in Long Island Sound 
estuary

Water 3 ppt (0.000003ppm)
Zooplankton 0.04 ppm
Minnows 0.5 ppm
Large fish 2.0 ppm
Ospreys 25.0 ppm

Speaker Notes:
The bioaccumulation data/story is for the estuarine ecosystem next to Long 
Island sound. 
Bioaccumulation:  When a substance (e.g. DDT) accumulates in the tissues of 
living organisms, and doesn’t get detoxified and excreted.
Biomagnification: The process by which the concentration of toxic substances 
in the tissue of an organism (e.g. DDT) increases as you move up the food 
chain. 
These concepts are linked because of the inefficiency of converting food to 
energy and mass.  For example, zooplankton take up dissolved DDT from 
water and store it in their tissues (bioaccumulation), a single minnow eats lots 
of zooplankton and stores all the DDT from each zooplankton eaten 
(biomagnification).
• Zooplankton: bioaccumulation 
• Minnows: both accumulation and magnification occur.  When a minnow is 
eaten by a large fish, biomagnification occurs again.
• This process continues up the food chain.
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Washington Pesticide Lawsuit

• Group sues EPA: Failure to consult with NOAA on 
impacts of 54 pesticides on listed salmonids

• Judge Final Ruling Jan 2004:
Point of sale education for homeowner
Ban use of 30 pesticides within a buffer area for agricultural 
uses
In effect until consultation and determination occurs

• For current status see: 
http://agr.wa.gov/PestFert/EnvResources/Buffers.htm

Speaker Notes:
NOAA: National Oceanic and Atmospheric Administration

Pesticide impacts to Salmonids :
• Direct lethal toxicity (large fish kills have occurred) 
• Impaired swimming ability, abnormal sexual development, and skeletal 
deformities
• Changes in the aquatic environment that reduce the food supply and 
eliminate vegetative cover for young salmon
• Impaired ability to transition from freshwater to seawater
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Pesticides in Puget Sound Waterways

• USGS looked for 47 pesticide compounds
26 were found in surface waters

About half were detected in agricultural streams
• Although, some of the compounds are NOT agricultural chemicals 

(urban use only)

All wells and streams had some pesticide compounds in 
them, ranging from 3 to 23.

Speaker Notes:
The term pesticide includes herbicides for this study.
• 4 streams sampled intensively+
• 10 small urban streams+
• 27 urban residential wells+
• 22 wells in agricultural areas

References:
Data source: Bortleson, G.C. and Ebbert, J.C. (2000). Occurrence of Pesticides in Streams 
and Ground Water in the Puget Sound Basin, Washington, and British Columbia, 1996-98. 
U.S. Geological Survey, Water-Resources Investigaions, Report 00-4118.
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Breaking the Pesticide Chain:
Integrated Pest Management (IPM)

• IPM Is a decision making process or framework with 
the following goals:

Maintain insect populations below levels that cause economic 
damage

Use multiple tactics to effectively manage pest populations

Conserve environmental quality

NOTE: Several of the following slides go into details about components 
of IPM, they can be omitted if providing just an overview or if time is 
limited.

Speaker Notes:
Key Point:  IPM tactics reduce the amount of pesticides used.  This will reduce 
the amount of chemicals in an ecosystem and should reduce the amount of 
pesticides entering water bodies and their harmful effects.  
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Increased dosage or Increased dosage or 
new highly effective new highly effective 
broadbroad--spectrum spectrum 
pesticidespesticides

Satisfied Satisfied 
consumerconsumer

The Pesticide Treadmill

Demand for new broad Demand for new broad 
spectrum pesticide to spectrum pesticide to 
meet consumers’ meet consumers’ 
expectationsexpectations

Pest outbreaksPest outbreaks
and resistanceand resistance

Adapted from Dr. Steve Booth

Speaker Notes:
Reading the slide: start in LOWER RIGHT corner:
• Pesticides must meet consumer expectations of quantity, price and quality 
(including cosmetic appearance)
• As resistance develops, plant damage occurs and natural enemies are killed 
(ladybug), resulting in the need for increased dosage or new formulations 
(UPPER RIGHT)
• Use of the chemicals leads to “perfect” fruit (UPPER LEFT) and/or high 
yields at low cost, but may kill natural enemies (CENTER)
• Results in satisfied customer (LOWER RIGHT)
• But evolution is always present and pest outbreaks and resistance continue 
to occur, which damage fruit, leading to upset consumers (BOTTOM
CENTER) and creating demand for new pesticides (LOWER RIGHT).
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IPM

• Approach:
Regular monitoring to determine if and when treatment 
is needed

Employs physical, cultural, biological, chemical and 
educational tactics

Allows for the judicial use of pesticides – IPM is not a 
“no pesticide” approach, but avoids unnecessary
pesticide applications

Speaker Notes:
IPM is based on current local conditions, and involves choosing from a variety of 
potential pesticides, each with a different economic and water quality impact.
IPM is a complex topic, often comprising entire college courses. Things to 
mention or explore could include:
• Field scouting: Walking a field looking for pests or damage to crops to 
determine if and when any control is needed.
• Utilizing degree day modeling to predict insect pressures.  Insects are cold 
blooded and by tracking temperature you can predict development time.
• Using economic injury levels (lowest density of pests that cause economic 
damage) and economic threshold (pest density at which control measures 
should be initiated) to make pesticide decisions. 
• Trade issues: for Washington apples there is a zero tolerance for codling 
moth.  This pest is so invasive, that 1 moth found in a shipment of apples to 
Taiwan (where the pest in not yet present) shut down export for 8 months.
• Making decisions about impacts to natural enemies: dormant oils are used in 
orchards to kill one pest while not harming key natural enemies.

Additional Information:
Economic injury and threshold: http://ipmworld.umn.edu/chapters/pedigo.htm
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IPM: Tactics

Physical Use row covers to physically separate pests 
from plants

Cultural Select plant varieties that have natural 
resistance to pests

Biological Utilize natural enemies to control pests, e.g. 
ladybugs to eat aphids

Chemical Use only as last resort, only in select spots 
where pest is causing economic damage

Educational Economic Injury Levels, Economic Thresholds & 
Sequential Sampling

Speaker Notes:
Presenters should include local examples of each tactic to bring the concept 
home:  See the following slides for some classic examples if you don’t have 
local stories.

Additional Information:
See Additional Reading:  WSU bulletin EM1786  “Integrated Pest 
Management: Effective Options for Farmers”.
See Resource List: ATTRA publications CT065 “Farm-scaping to Enhance 
Biological Control” and IP049 “Bio-intensive Integrated Pest Management “ 
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IPM in the Northwest:
Examples

Wild mustards (left) draw flea 
beetles away from broccoli 
plants

Fabric barrier physically 
excludes pests

Photo courtesy of B. Gaolach, WSU King County Extension Photo courtesy of Full Circle Farm

Speaker Notes:
Physical: Fabric barriers.  A non-chemical control for pests that physically 
separates pests from plants and  reduces the need for pesticide applications.

Cultural: Wild mustard.  This plant draws flea beetles away from other crops, 
reducing the need for pesticides to control the pest.  Currently, there are very 
few low-toxic options for controlling flea beetles, they generally require a 
broader based pesticide for control (if one is going to be used).  Therefore, 
non-chemical options like this can greatly reduce the amount of pesticides 
used.
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IPM in the Northwest:
Examples

Parasitic wasps emerge from a 
caterpillar

Photo courtesy of David Cappaert, www.insectimages.org

Speaker Notes:
Biological: Parasitic Wasp.  Each cocoon (the white things in photo) are 
individual wasps,  natural enemies of caterpillar (tobacco hornworm).  
• Process: An adult wasp lays eggs inside the caterpillar, the eggs hatch,  and 
the larvae eat the caterpillar from the inside.  When it’s time, the larvae spin a 
cocoon on the outside and develop into an adult wasp.  The caterpillar lives for 
a while during this process but stops eating (causing damage) and eventually 
is killed/dies.
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IPM in the Northwest:
Brassica systems

Physical Row covers and sticky traps against flea beetles
Cultural Purple/red plant varieties against flea beetles

Intercropping to reduce flea beetles and attract 
natural enemies

Increase field edges to reduce flea beetle 
finding and increased “losing”

Biological Utilize ladybugs & lacewings against aphids
Chemical Use soaps for soft-bodied insects (organic)

Bt sprays for lepidopterans (organic)

Speaker Notes:
Intercropping:  This is intentionally growing more than 1 crop together, for 
example growing onions around broccoli to deter aphids.
Increasing field edges:  This increases the ratio of the perimeter of a field to 
the area.  For example, if a rectangle and a square have the same area, the 
rectangle will have a larger perimeter.  Choosing to plant crops in rectangles 
instead of squares will increase the field edges (i.e. the perimeter to area 
ratio).
Increased losing:  As the perimeter to area ratio increases for a host plant 
(food source) flea beetles are more likely to leave the patch, and once having 
left they are less likely to find it again, thus they tend to lose the patch.
Soft bodied insects:  Most insects have a hard exoskeleton (shell).  However, 
some do not have this hardened shell and are referred to as soft-bodied.  
Examples are aphids, scales, and larvae (immature) ladybugs.
Lepidopterans: Moths and butterflies.  Bt works on the immature stage 
(caterpillars).

References:
Increased losing information source: Kareiva, P. (1985). Finding and Losing Host Plants by 
Phyllotreta: Patch Size and Surrounding Habitat. Ecology 66: 1809-1816.
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IPM in the Northwest:
Impacts in PNW Apple Production

1 NR = Data not reported in 1989.

71%NRIntegrated Mite Management
92%NRDegree-Day Models1

93%66%Pheromone Traps
89%54%Reduced Chemical Rates
81%34%Biological Control
92%37%Economic Threshold
76%28%Alternate Row Spraying
99%91%Field Monitoring
20001989Management Practice

Speaker Notes:
This table shows percentages of apple growers using a non-conventional pest 
management practice to some degree.

References:
Slide data source: Brunner, J.Fl, Jones, W., Beers, E., Tangren, G. V., Dunley, J., Xiao, C., 
and Grove, G. G. (2003). A decade of pesticide use and IPM practices in Washington apple 
orchards. Agrichemical and Environmental News, 205.
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IPM in the Northwest:
Impacts in PNW Apple Production

Self reported changes in pesticide use:
Between 1996 and 2000

Increase in pesticide use: 6%
Decrease 61%
No Change 29%

Between 1985 and 1989
Increase in pesticide use: 17%
Decrease 27%
No Change 56%

Speaker Notes:
Slide shows percentages of apple growers reporting these pesticide changes.  
Take home message: More farmers are decreasing pesticide use now than in 
the past.

Additional Information:
An excellent source of information on changes in chemical usage in 
Washington is available at:: http://opus.tfrec.wsu.edu/~wjones/Survey2000/

References:
Slide data source: Brunner, J.Fl, Jones, W., Beers, E., Tangren, G. V., Dunley, J., Xiao, C., 
and Grove, G. G. (2003). A decade of pesticide use and IPM practices in Washington apple 
orchards. Agrichemical and Environmental News, 205.

4   Agriculture and the Health of Your Watershed

38



Water quality issues
Pesticides & pest control: keeping 
the food for us
Fertilizers: growing the food
• Role and use of fertilizers
• Impacts of fertilizer use on water 

quality
• Reducing the impacts of fertilizers on 

water quality

Presentation Overview

Speaker Notes:
These are the topics to be covered in the fertilizer section.
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Fertilizers

Any of a large number of 
natural and synthetic materials, 
including manure and nitrogen, 
phosphorus and potassium 
compounds, spread on or 
worked into soil to increase its 
capacity to support plant 
growth.

Graphic reproduced from North Carolina Department of 
Agriculture & Consumer Services

Speaker Notes:
All fertilizer labels have three bold numbers:
• The first number is the amount of nitrogen (N)
• The second number is the amount of phosphate (P2O5)
• The third number is the amount of potash (K2O) [or potassium (K)].  
Example: A bag of 10-10-10 fertilizer contains 10% nitrogen, 10% phosphate 
and 10%  potash.  These are the main nutrients that promote plant growth.
These three numbers represent the primary nutrients. This labeling, known as 
the fertilizer grade, is a national standard.

References:
Graphic reproduced from: North Carolina Department of Agriculture and Consumer Services:
www.agr.state.nc.us/cyber/kidswrld/plan/label.htm
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Use of Fertilizers
Fertilizer production paved way for “Green Revolution” 

or “Plant Nutrition in a Bag”
World Fertilizer Use
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Speaker Notes:
• 1960 to 1998:  7-fold increase in fertilizer use
• 1946 and 1947:   US manufactured 800,000 tons fertilizer, a few years post 
WWII.  95% of corn, potatoes and vegetables in US grown with synthetic 
fertilizer.

References:

Graph data source: FAOSTAT, 2005.
Speaker Notes data source: Lomborg, B. (2001). The Skeptical Environmentalist: Measuring 
the Real State of the World. New York: Cambridge University Press.
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Role of Fertilizers

• Augment natural soil fertility

• Increase the density of crops per unit of land

• Require additional water to:

Incorporate into the soil

Support additional plant growth

• Nitrogenous fertilizers are most commonly applied 
and are water soluble.

Speaker Notes:  
• About 11 million tons of nitrogen, 5 million tons of potash and 4 million tons 
of phosphate are applied each year to U.S. cropland (USDA,ERS, 1997).
• Fertilizer (organic and synthetic)  can boost “natural” soil fertility.
• Synthetic fertilizers have a quick response and need extra water, while 
organic fertilizers need less watering in.
Example of interaction between fertilizers and water quantity is the central 
Minnesota drought in the late 1980s:

• Farmers had the right to draw additional water out of streams and rivers 
on their land, in excess of their base water right, as long as minimum base 
flow was maintained. 
• It became common practice to increase planting density because they 
had access to plenty of water to support increased density.
• Increased density required more fertilizers to support plant growth.
• Drought set in hard in late June/early July after all planting done and 
crops up.
• Local agencies indicated that farmers could no longer draw water from 
streams because stream flow was too low.
• With the high density of crops, supported by additional fertilizers, farmers 
could not keep their fields alive with only their base  water right.
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How Nitrogen Enters the Watershed

Non-agricultural runoff Agricultural Fertilizer
Animal agriculture Atmospheric deposition
Point Source

Speaker Notes:
In the U.S. nitrogen enters via runoff from:
• Non-agricultural lands (wetlands, urban, forested and barren land): 28%
• Agricultural land (source = fertilizer): 22% 
• Animal based agriculture: 14% 
• Atmospheric deposition: 16% 
• Point source pollution (sewage treatment plants, etc.): 0.8%
• These percentages vary by region.  Percentages do not total 100% because 
median values are used.

Nitrogen is used as a representative example.  It is the most applied nutrient 
and is a major contributor to eutrophication.  

The other major water pollutant, Phosphate, is only moderately soluble, and 
relative to nitrate, is not very mobile in soils.  Erosion can transport 
considerable amounts of sediment-adsorbed phosphate to surface waters.  If 
soils have been over-fertilized they become saturated with phosphorus, and 
rates of dissolved phosphorus losses in runoff will increase

References:
Graph data source:  Lomborg, B. (2001). The Skeptical Environmentalist: Measuring the Real 
State of the World. New York: Cambridge University Press.
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Fertilizers and Water Quality:
Eutrophication

1. Excess nutrients (N & P) enter water 
system

2. Algal blooms block sunlight 
penetration

3. Algae die when inputs drop, and 
drop to bottom

4. Decomposers breakdown the algae 
– consuming the dissolved 02 and 
respiring off CO2

5. Hypoxia (oxygen depletion) can 
result, leading to dead zones

Photo courtesy of J. Descloitres, NASA

Speaker Notes:
Photo: Satellite image of the northern Gulf of Mexico/Mississippi Delta, dead 
zone in light blue.
As summer comes to the Gulf of Mexico each year, it brings a giant “dead zone” 
devoid of fish and other aquatic life. Expanding over the past several decades, 
this area can span up to 21,000 square kilometers, larger than the state of New 
Jersey!  There is a similar but smaller situation in Chesapeake Bay, where since 
the 1970s a large dead zone appears yearly, and can shroud 40% of the bay. 
• Worldwide, there are 146 dead zones - areas of water that are too low in 
dissolved oxygen to sustain life.

Eutrophication is a natural process that under natural conditions takes a VERY 
long time (thousands of years), but human inputs increase the rate dramatically.  
The process is listed on the slide.
• Reduced sunlight penetration results in death of aquatic plants that provide 
food and cover for fish and other organisms.
• Organisms that can leave do, those that cannot, die.
• This results in a species shift in the water body in the PNW this can have a 
huge impact on endangered salmoinid runs.

References:
Photo courtesy of Jacques Descloitres (2003), MODIS Land Rapid Response Team, 
NASA/GSFC, and UNEP. Accessed at: http://www.earth-policy.org/Updates/Update41.htm
Speaker Notes information source: Larsen, Janet. Dead Zones Increasing in World's Coastal 
Waters.  Available at: www.earth-policy.org/Updates/Update41.htm
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Impacts on Human Health

• The presence of nitrates in drinking water from 
groundwater wells can be a health threat.

Nitrates can be converted by bacteria into nitrites 
which oxidize blood hemoglobin, impeding oxygen 
transport.  
Infants are susceptible: lack of oxygenated blood is 
known as cyanosis or ‘blue baby’ syndrome.
Some worry that higher levels of nitrates are 
correlated with higher incidences of cancer, 
particularly stomach cancer.

Speaker Notes:
Water quality standards for nitrates in drinking water: 
• European Union:  50 mg/L 
• United States:  44 mg/L 

Most adults are not impacted by nitrate levels because stomach acids kill the 
bacteria that convert nitrates to nitrites.  Infants are not capable of producing 
these acids, and therefore are susceptible.
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Protecting our Water from Excess 
Nutrients

• Reducing over fertilization:
Customize fertilizer application 
and management
Use soil tests to determine need 
before applying
Use precision agriculture
Build soil fertility and long-term 
health through:
• Organic or slow release fertilizer 
• Green manures
• Compost

Photos courtesy of Texas A&M and NASA Space Center

Speaker Notes:
Soil test story:  In the 1980s, Iowa farmers applied fertilizer by calendar, based on 
the crop’s need regardless of past crops/fertilizer application. Large amounts of 
nitrites turned up in wells, spurring education for farmers to conduct soil tests to 
determine fertilizer need. Several farms found they didn’t need to add ANY 
fertilizer for 1+ years based on residual levels in the soil.
Precision Ag:  Tractors with computers and GPS with detailed maps (layers) of the 
field. Driving VERY slowly, tractor delivers the precise amount of nutrients and 
pesticides required.  Allows for precise timing of application, timed for plant 
readiness to take up nutrients.
Organic fertilizers: Most are slow release (Ex: green manure and compost)
Green manures: Crops grown to be plowed into soil prior to planting the main crop, 
returning nutrients to soil slowly through decomposition. Can also reduce pesticide 
need.
Soil with more organic matter holds nutrients better, and slowly releases them 
back to soil and plants vs. a large concentration all at once (as with synthetic 
fertilizers).

Additional Information:
Green manure: csanr.wsu.edu/FeaturedPrograms/MustardGreenManure.htm

References:
Photo source:  http://aggie-turf.tamu.edu/aggieturf2/soilsample/sampleprobe.html
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Protecting our Water from Excess 
Nutrients

• Reducing Impacts:
Create riparian buffer strips 
to diminish nutrient load due 
to natural purification 
processes 
• Microbiological processes turn 

significant amounts of compounds 
back into N2

Use a Dairy Nutrient Digester

Commercial anaerobic digester at the 
Van derHaak Dairy in Whatcom 
County, WA

Photos courtesy of Washington State University

Speaker Notes:
Buffers:  Allow a natural filtration process, for all cropping systems.
• The use of buffer strips for nutrient management is quite prevalent, often 
being driven by endangered salmonid concerns in the PNW and national water 
quality standards. 

Digester:  Can reduce manure mass, leaving liquid (with N and P in it) that can 
be re-applied to pastures – problematic if there is not enough land to apply the 
liquid to (as is the case in rural King County, WA).
• Dairy digesters are quite new in the western US and often run with some 
level of local/governmental subsidy.

References:
Photo source: http://cff.wsu.edu/Project/galleryconstruction.htm
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Presentation Overview

• Why do we need agriculture?

• Water quality issues

• Water quantity issues 
• Availability, use and role of water in 

food production
• Impacts of irrigation on water quantity
• Reducing the impacts of irrigation
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Agriculture and Water Quantity:
Availability

• 97.5% of water is salt 
water

• Remaining 2.5% is 
fresh water:

70% frozen in icecaps

• 0.007% of water is 
easily accessible fresh 
water!

Photo courtesy of USDA NRCS

Note:  This information was covered in Module 1.

References:
Photo courtesy of USDA NRCS: NRCSAZ02009
Data source: Sadeq, H. T. (1999). A rare and precious resource. The UNESCO Courier.  
Accessed April 7, 2006 from http://www.unesco.org/courier/1999_02/uk/dossier/txt11.htm
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Agriculture and Water Quantity:
Global Use

• 1900-1995: global demand for water increased 
6-fold (only a 3-fold increase in human population)

• Rural Madagascar: person uses minimal 
amount needed for survival: 10 L/d.

• French person: 150 L/d

• American: 425 L/d
• Our low flow toilets (1.6 gal) = 6 Liters/flush

Speaker Notes:
The minimum amount of water required for survival is:
• 5 Liters/day for drinking and cooking
• 25 liters/day for personal hygiene

References:
Data source: Sadeq, H. T. (1999). A rare and precious resource. The UNESCO Courier.  
Accessed April 7, 2006 from http://www.unesco.org/courier/1999_02/uk/dossier/txt11.htm
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Agriculture and Water Quantity:
Global Use

Agriculture: 69%
• 4 liters of water to produce 1 

liter of milk
• Tomato is 95% water
Industry: 23%
• 9,400 L to make 4 tires
• 1.4 billion L to supply 1 day 

world’s newsprint
Households: 8%

Graphic reproduced from UNESCO

Speaker Notes:
Developing countries can devote as much as 80% of water use to agriculture 
and about 90% in arid regions of the U.S.!

References:
Data source: Sadeq, H. T. (1999). A rare and precious resource. The UNESCO Courier.  
Accessed April 7, 2006 from http://www.unesco.org/courier/1999_02/uk/dossier/txt11.htm
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Agriculture and Water Quantity:
Washington

Graphic reproduced from U.S. Geological Survey Scientific Investigations Report

Crop Irrigation Golf Course Irrigation

Industrial Domestic

Speaker Notes:
Crop irrigation: 3,005 million g/d
Golf course irrigation: 23.6 million g/d
Industrial use: 681 million g/d
Domestic use: 674 million g/d 

Total = 114 gallons/day, per capita

References:
Data and Graphic reproduced from: Lane, R.C. (2004). Estimated domestic, irrigation, and 
industrial water use in Washington, 2000: U.S. Geological Survey Scientific Investigations 
Report 2004–5015, (Figure 4).  Available at: 
http://pubs.usgs.gov/sir/2004/5015/pdf/sir20045015.pdf
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Agriculture and Water Quantity:
The Role of Irrigation

• 15% of cropland 
worldwide requires 
irrigation

Produces 40% of world’s 
food crops
An estimated 60% of the 
water used for irrigation is 
lost through inefficient 
systems (leakage and 
evaporation) 

Graphic reproduced from Agricultural Resources and Environmental
Indicators, 2003

Speaker Notes:
Slide graphic shows data in acres of land.

The World Water Council ranks 147 countries for water efficiency (how 
efficiently humans use available water).  U.S. ranks the lowest in efficiency,  
with inefficiencies reaching 50% (this is lower than worldwide average in slide).
• Globally, farmers are irrigating 5x more land than at beginning of 20th

century.
• 1950-1995: Withdrawals for agriculture doubled; domestic & industrial
quadrupled.

References:
Graphic reproduced from: R. Heimlich (2003).  Agricultural Resources and Environmental 
Indicators. Agriculture Handbook No. (AH722), data Table 2.1.2.  Available at: 
http://www.ers.usda.gov/publications/arei/ah722/arei2_1/AREIch2_1Watuse_pricing.pdf
Speaker Notes information source: Dobrowolski, J.P. and O’Neill, M.P. (2005). CSREES 
agricultural water security white paper.  Washington D.C.
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Aquifer overdraft

Photos courtesy of USDA NRCS

Impacts of Over Irrigation

Speaker Notes:
Aquifer overdraft from irrigation systems: When water is extracted faster than 
naturally replenished it can lead to depletion of  water for future use, saltwater 
infiltration, and sink holes.  
An example of groundwater overuse for crop irrigation: Ogallala aquifer in the 
Midwest. 
• Aquifer is equivalent in size to Lake Huron, from Nebraska to Texas.
• Pumps put in after 1930’s Dust Bowl turned high plains green w/in 20 years.

• West Texas: In 1914 = 139 irrigation wells; 1937 = 1,166; 1954 = 27,983; 
1971 = 66,144
• 1975 withdrawal rates (per day): 

• Texas = 11 billion gallons 
• Nebraska = 5.9 b
• Colorado = 2.7 b
• Oklahoma = 1.4 b
• New Mexico = 1.6 b

• 4-6 feet of groundwater per day withdrawn, replaced at a rate of ½
inch per day => really is mining, not pumping
• When will it run dry?  Then what happens to those using the water?
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Impacts of Over Irrigation

Salt buildup
Runoff & Sedimentation

Speaker Notes:
Salt buildup
• Salt is carried in water, water sits on or near soil surface and evaporates, 
leaving salts behind.  Can make land unusable for agriculture. 

Runoff & Sedimentation
• Over irrigating washes sediments into rivers and water bodies along with 
pesticides and fertilizers.
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Surface water withdrawal

Wetland damage

Photo courtesy of USDA NRCS.

Impacts of Over Irrigation

Photo courtesy of UNCE, Reno, NV

Speaker Notes:
Surface water withdrawals: deplete water for other uses.

“With a deep snowpack in the Colorado Rockies and a spring of heavy 
rains, 1995 looked to be a year of abundant water in the Colorado River 
basin.  Runoff during the months of April to July was 50 percent greater 
than normal.  Still, the river that carved the Grand Canyon ended up 
suffering its usual fate: it ran dry before it reached the sea.” Source: State of 
the World 1996. New York: W.W. Norton & Company, page 44.

• Water depletion results from multiple uses, not just agricultural irrigation, but 
also over allocation of water rights to basin’s surface water.
Riverine, riparian and wetland area damage
• Excessive withdrawals damage farms, wetlands, fish and other species.
• Wetlands are also impacted by draining and filling to make more farmland 
(what “swampbusters” refers to).  Now federal legislation requires no-net loss 
of wetlands, and mitigation to replace damaged wetlands.  This has a huge 
economic impact on development.

Additional Information:
Wetland withdrawal damage is highlighted in the recent Klamath Falls Basin 
controversy.  To use as a case study, do an internet search on: {"klamath falls"  
water} to get several points of view.
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Ways to Reduce Water Use
in Food Production

• Reduce the amount of water ‘lost’ to agro-
ecosystem 

Water applied that does not result in crop growth

• Use the water more efficiently through agro-
ecosystem design

Speaker Notes:
The next 4 slides will cover these topics in more detail
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How Water is Lost

• Air loss
Drift
Droplet evaporation

• Canopy loss
Plant canopy evaporation
Foliage interception (may slow 
rate of application and reduce 
runoff)

• Surface loss
Surface water evaporation

Surface runoff

Soil evaporation

• Deep loss
Deep percolation out of plant root 
zone

Goal: Reduce loss as much as possible 

Speaker Notes:
Water ‘loss’ is to the agricultural system, water remains in the global system.  

Questions to spur thought:
If we could make irrigation 100% efficient, how should the ‘saved’ water be 
used?

• Ecosystem services?
• More food production?
• Domestic uses?

Recall the issues raised in slide 12.
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Agro-ecosystem Design

• Reduce water lost through evapotranspiration
Evaporation

Transpiration

• Choose appropriate crops

Speaker Notes:
Evapotranspiration:  the combination of evaporation from the soil level and 
transpiration from the plant (Covered in Module 2):

• Evaporation (more detail in the next slide): increased soil:air interface =
increased evaporation. Reduce soil:air interface by:

• Reducing excess water in soil: don’t over irrigate, deliver water only to 
crop. Use of drip irrigation instead of sprinkler type irrigation will 
increase precision of delivery.
• Choose irrigation system best suited to crop and landscape. 
• Reduce exposed soil area: use mulches (living, dead, inorganic) 

• Transpiration: The process by which plants draw water from the soil 
through roots and use solar energy to evaporate water from the leaves, 
creating suction through plant from tips to roots. This is the pump (like your 
heart) that drives the circulation of water (like blood) and sugars (food) 
through plant.

• Allows plants to shed heat load or “sweat”
• Hard to modify: need to concentrate on altering the evaporation

Additional Information:
Irrigation system options: www.ers.usda.gov/Briefing/Wateruse/glossary.htm
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Agro-ecosystem Design:
Reducing evaporation

• Use ground covers to reduce soil:air interface
• Crop residue / low till options 

• Plastic mulches

• Cover crops

• Reduce plant spacing to achieve canopy closure 
sooner

Speaker Notes:
Reducing soil:air interface: 
• Reduced/no tillage can be double edge sword:

• May require more fertilizer and herbicide to make up for the lost benefits of 
tillage (improved soil fertility and reduced weed competition)

Inorganic (e.g plastic) mulches are not as sustainable as natural mulches
Organic cover crop options:
• Provide organic matter that can be incorporated during plowing, which can 
increase moisture retention and overall soil health and reduce the need for 
chemical fertilizer by providing slow release green manures/fertilizer.
• Can reduce pest problems by providing refuge for generalist predators (natural 
enemies hypothesis) and reducing ability of pest to find and/or remain in crop 
“patches” (resource concentration hypothesis) 
• Can be detrimental:

• Require water to grow (and may need their own fertilizer and pesticides)
• May harbor additional pests

Additional Information:
To build on this topic, you could discuss the issue of “farmscaping” covered in:
• Farm-scaping to Enhance Biological Control, ATTRA publication CT065
• Gaolach, B. (2001). Utilizing vegetational diversity to manipulate insect 
populations: a study of small-scale mixed vegetables farms. Ph. D. dissertation, 
University of Washington.
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Agro-ecosystem Design:
Crop choice

Graphic reproduced from Gliessman. S.R. Agroecology: ecological processes in sustainable agriculture. Boca Raton, FL: CRC Press, 2000.

Speaker Notes:
Crops need a certain amount of water to complete development and maximize 
yield.  This basic water need is referred to as the crop coefficient.
Growers can manage water use by growing crops that have lower water needs 
or crops whose water needs match the natural water availability of a given 
region.

Additional Information: 
Crop coefficient: 
• http://wwwcimis.water.ca.gov/cimis/infoEtoCropCo.jsp
• http://biomet.ucdavis.edu/evapotranspiration/CropCoef/crop_coefficients.htm
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Conclusion:

• We need food – agriculture cannot be 
eliminated

• Your choices influence HOW food is grown
Environmental issues & choices

Political choices
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What You Can Do:
Eating is a environmental act

• Do we choose low-impact foods?
Benefits include:
• Reduced pesticide use through IPM, sustainable, or organic 

methods
• Reduced fertilizer use and type of fertilizer
• Reduced water consumption for food

Easiest to do with locally produced food, you can 
meet and talk to the farmer.
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How to Choose Your Food

• Know your food:
Ask questions of your farmer &/or grocer about how and 
where food is produced

Visit local farms and get to know the farmers

Support local farmers through:
• Farmers Markets
• Community Supported Agriculture (CSA)

Speaker Notes:
• Know where your food comes from and how it is produced.  As concerns 
about health impacts of chemicals grow, the opportunity to purchase locally 
grown food directly from farmers becomes a more attractive option; allowing 
consumers to discuss how their food was grown with the farmer who grew it.
• Support local farmers: Purchasing directly from a farmer at a farmer’s 
market or through a CSA program drives the growth of these programs, 
making it possible for more consumers to interact with farmers.

Additional Information:
You can visit King County’s local food system website to learn about taking 
action locally, including developing a local food policy council.  Available at:
http://www.metrokc.gov/wsu-ce/FoodSystems/Index.htm

References:
Slide Information source: Farm Aid’s “10 Ways to Ensure a Healthy Food For You and Your 
Family.” Available at: http://www.farmaid.org/site/PageServer?pagename=takeaction_home 
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How to Choose Your Food

• Be an active food shopper
Ask your local grocer and restaurants to source food that is 
environmentally sustainable 

• Educate others about these issues

• Help promote environmentally friendly food production 
locally:

• Write letters to the editor
• Organize farmers markets

• Be willing to eat non “perfect” food (accept cosmetic blemishes)
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What You Can Do:
Eating is a political act

• Learn how land-use and other policies influence HOW 
& WHERE food is grown & get involved!

Right to farm ordinances
Zoning
Farmland Preservation programs
Transfer of development rights
Conservation easments
Food policy councils

Speaker Notes:

• Right to farm ordinances protect farmers from being subjected to nuisance 
law suits.

• Zoning determines where farming can take place, where farmers markets 
can be located, even where grocery stores are located.

• Farmland Preservation programs, transfer of development rights and 
conservation easements are all tools that help protect farm land from 
development.

• Food policy councils take a wholistic approach to assessing and making 
recommendations about policies that can affect the food system.
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What You Can Do:
Eating is a political act

• Bring food & farm issues to your community
Have a farmer discuss local policy impacts on farming

• Strengthen local support & awareness
Ask local office, public schools, colleges, and hospital 
cafeterias to support environmentally friendly foods
Teach children to grow food
Participate in harvest celebration farm tours
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Questions?
Questions?

References:
Photo courtesy of USDA, NRCS
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Activity 1: Ecological and Evolutionary Impact of Pesticide Use 
 
Objective: Students will learn about the impact of biological control as an 
alternative to pesticides by exploring the results of using natural enemies vs. 
pesticides in a hypothetical pest problem scenario. 
 
Directions: The class is split into 4 groups.  Each group develops a component 
of a larger insect community and the crop they feed on.  A discussion of all four 
components at the end of the activity will show the entire story.  Each group 
should fill in the information on their worksheet, graphing their results.  If results 
are graphed on an overhead transparency, each scenario can be easily 
presented to the class. 
(It may help to make a graphing template on graph paper and copy it onto a 
transparency for each group prior to class so all graphs are the same size/scale.  
This will allow them to be layered, to show differences between scenarios.)   
 
Bolded sections for groups 2-4 contain information that is new or different from 
group 1.  Each group should read their scenario aloud prior to the discussion. 
 
Use the diagram on the discussion page (p.76) to show how the community fits 
together.  The diagram uses community ecology notations of solid arrows for 
mass flow direction (prey→predator) and dashed arrows for indirect effects. 

 
Instructor Notes: This activity involves equations and graphing.  It may be 
confusing to individuals not comfortable with math.  Please look at the excel 
answer file and be familiar with how answers relate to the directions and be 
prepared to assist students as necessary. 
 
This activity can be structured in two ways: 

1. Group 1 completes their scenario and goes on break.  Groups 2-4 finish 
their scenarios, give to group 1 and then go on break.  Once group 1 has 
all the results, they assemble the big picture and lead the end discussion. 

2. Combine the Group 1 and Group 2 scenarios so all groups take about the 
same amount of time to complete the activity.    

 
This activity addresses economic injury levels and economic threshold, 
mentioned in slide 32 of the presentation.  A good overview of these topics is 
available at: http://ipmworld.umn.edu/chapters/pedigo.htm 
 
This activity uses a fictitious set of plants, insects, and pesticides, if you wish to 
make it more realistic you can use the following substitutions:  

Brocco Broccoli 
Brocco-vore Flea beetles 
Brocco-chomp Aphids  

           Brocco-ator Ladybugs
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Group 1:  Pest Invasion 
 
You are trying to grow a crop of Brocco.  While growing this crop, you notice this 
insect growing on it and count a total of 100 individuals.  You contact your local 
Extension agent and find out that unchecked this insect lives for a single month 
and leaves 5 offspring for the next month and is called Brocco-vore. 
 
1. Given this information, if you do nothing, how many Brocco-vore will you have 

after the 8-month long growing season? 
 
2. Draw a graph with month # on the x-axis and # of Brocco-vore on the y-axis. 

In
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Month 

 
 
3. Look up these words and think about how they apply to pest control 
 

a. Evolution 
b. Resistance 
c. Ecology 
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Group 2:  Short-Sighted Pest Control 
 
You are trying to grow a crop of Brocco.  While growing this crop, you notice this 
insect growing on it and count a total of 100 individuals.  You contact your local 
Extension agent and find out that unchecked this insect lives for a single month 
and leaves 5 offspring for the next month and is called Brocco-chomp. 
 
You go to Pest Depot and ask how to control Brocco-vore.  The helpful 
clerk recommends using Brocco-rid.  The clerk shows you on the label how 
it kills Brocco-chomp on Brocco.  You purchase it go home to apply it.  
Unfortunately, neither the clerk nor the label gives you the following 
information: 

• Brocco-rid kills only 90% of Brocco-chomp present (this is how 
effective it is) 

• Each time you apply Brocco-rid its effectiveness is reduced by 5%. 
 
1. Given this information, fill out the table below to determine how many Brocco-

vore you will have after the 10-month long growing season? 
 
Month-> 1 2 3 4 5 6 7 8 9 10 11 

Pest# 100
=10x5 

= 50 
 

-% 90.0%
  

-# killed 90
  

New Pest# 10
  

 
 
 
 
2. Draw a graph with month # on the x-axis and # of Brocco-chomp on the y-

axis. 
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3. Be prepared to explain what happened and why. 
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Group 3:  Predators Attack & Control! 
 
You are trying to grow a crop of Brocco.  While growing this crop, you notice 2 
insects growing on it.  You collect both and send them to your local 
Extension agent.  The Extension agent tells you: 

• The first insect is called Brocco-chomp (a pest) and unchecked this 
insect lives for a single month and leaves 5 offspring for the next 
month. 

• The second insect is called Brocco-ator; it eats 10 Brocco-chomps 
during its 1-month lifespan.  Prior to dying it leaves 3 offspring. 

• However, the Brocco-ators can never drive the Brocco-chomp 
population below 50 individuals.  When the Brocco-ators become to 
numerous, reproduction occurs only with the number of individuals 
that can consume the full 10 Brocco-chomps. 

 
You notice you have 100 Brocco-chomps and 5 Brocco-ators in your patch 
of Brocco. 
 
1. Given this information, fill out the table below to determine how many pests 

(Brocco-chomps) and predators (Brocco-ators) you will have after the 8-
month long growing season? 

 
Month-> 1 2 3 4 5 6 7 8 

Pest # 100
=50x5 
= 250

 

Pred # 5
=5 x 3

=15
 

-# Pest eaten -50
 

New Pest# 50
 

 
2. Draw a graph with month # on the x-axis and # of Brocco-chomps and 

Brocco-ators on the y-axis. 
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3. Be prepared to explain what happened and why. 
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Group 4:  Insect Communities & Pest Control 
 
You are trying to grow a crop of Brocco.  While growing this crop, you notice 2 
insects growing on it.  You collect both and send them to your local 
Extension agent.  The Extension agent tells you: 

• The first insect is called Brocco-chomp (a pest) and unchecked this 
insect lives for a single month and leaves 5 offspring for the next 
month. 

• The second insect is called Brocco-ator; it eats 10 Brocco-chomps 
during its 1-month lifespan.  Prior to dying it leaves 2 offspring. 

• However, the Brocco-ators can never drive the Brocco-chomp 
population below 50 individuals.  When the Brocco-ators become to 
numerous, reproduction occurs only with the number of individuals 
that can consume the full 10 Brocco-chomps. 

 
You notice you have 100 Brocco-chomps and 5 Brocco-ators in your patch 
of Brocco. 
 
1. Given this information, fill out the table below to determine how many pests 

(Brocco-chomps) and predators (Brocco-ators) you will have after the 8-
month long growing season? 

 
Month-> 1 2 3 4 5 6 7 8 

Pest # 100
=50x5 
= 250

 

Pred # 5
=5 x 2

=10
 

-# Pest eaten -50
 

New Pest# 50
 

 
2. Draw a graph with month # on the x-axis and # of Brocco-chomps and 

Brocco-ators on the y-axis. 
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Month 

 
3. Be prepared to explain what happened and why. 
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Brocco 

Brocco-vore 

Brocco 

Brocco-vore 

Group 1: Pest Invasion 

Brocco-chomp 

Brocco-rid 

Group 2: Short-Sighted 

Brocco 

Brocco-chomp 

Brocco-ator 

Group 3: Predators Attack & 
Group 4: Insect Communities

Brocco

Brocco-vore

Brocco-rid Brocco-ator 

The entire community, all 4 
groups put together 

Not a true mass 
flow, this is 
showing that the 
chemical kills the 
insect 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion and Interpretation Questions: 
• Group 1:  This is simple exponential growth of an unchecked population. 
 
• Group 2:  What ecological process is occurring in Group 2’s component?  

(Pest developing resistance to the chemical.)  What are the implications for 
agriculture and chemical usage?  (Have the group think of the area as a farm 
rather than a garden.) This is the process that leads to using more of a 
chemical (as the effectiveness drops) and ultimately to the need for new 
chemicals.  Pesticide resistance is a major problem in agriculture. 

 
• Group 3:  Shows how natural enemies can effectively keep a pest population 

low.  This is the time to talk about economic thresholds and impacts.  Pest 
populations do not need to be eliminated completely, they just need to be 
kept below the level at which they cause economic damage to a farm.   

 
• Group 4:  Shows how a pesticides can have an off-target effect, in this case 

reducing the reproductive rate of the predator.  The result is that an insect 
that was not a problem (assuming the population size of 250 is below the 
economic threshold) becomes a problem.  In this scenario, a farmer may 
choose to apply another pesticide to control Brocco-chomp now.  Now there 
are 2 chemicals in the system, each pest develops resistance to the 
chemicals and we are now on the pesticide treadmill. 



4 Agriculture and the Health of Your Watershed 

• Take-home message:  Agricultural production is really about a community:  
the crop or crops, other plants that compete with them (i.e. weeds), 
organisms that feed on the crop (i.e. pests) and organisms that feed on the 
pests (i.e. predators).  It is a complex assemblage.  By looking at only one 
part of it (a single pest) and trying to control it without knowledge of the 
interconnections of the entire system, we often can make things worse. 
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N(0) Reprod Kill Rate Decrease
Pest 100 5
Chem 90.0% 5.0%
Pred 5 3 10 1

Month / Generations
Pest Invasion 1 2 3 4 5 6 7 8 9 10 11
Pest numbers 100 500         2,500      12,500     62,500      312,500    1,562,500  7,812,500   

Short-Sighted 
Pest Control
Pest# 100 50 35 35 45 65 115 230 515 1285 3535
-% 90.0% 85.0% 80.0% 75.0% 70.0% 65.0% 60.0% 55.0% 50.0% 45.0% 40.0%
-# 90 43 28 26 32 42 69 127 258 578 1414
New Pest# 10 7 7 9 13 23 46 103 257 707 2121

Predators Attack 
& Control
Pest # 100 250 500 250 250 250 250 250
Pred # 5 15 45 135 60 60 60 60
 - # eaten 50 150 450 200 200 200 200 200
new Pest # 50 100 50 50 50 50 50 50

Inesect 
Communites & 
Pest Control
Pest # 100 250 750 2,750       11,750      54,750      265,750     1,312,750   
Pred # 5 10 20 40            80             160           320            640             
 - # eaten 50 100 200 400          800           1,600        3,200         6,400          
new Pest # 50 150 550 2,350       10,950      53,150      262,550     1,306,350   

Only 200 are eaten because the brocco-
champ population can not go below 50

There are only 60 predators this generation because only 20 
could eat the full 10 pests the previous generation, eaching 
having 3 offspring

These are the parameters used in the formulas: N(0) is starting 
populations, Reprod - reproductive rates, Kill Rate is how effective 
the pesticide or predator is, and Decrease is the reduction in 
effectiveness of the chemical and the reduction in the reproductive 
rate of the predator in excercise 4
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Homework Assignment: Food Production and the Environment 
 
Objective:  Students will understand how individual food choices impact the local 
and national environment.  This activity examines how eating locally can be an 
environmental and political statement. 
 
Directions:  This activity can be completed individually or broken up into parts 
and assigned to individuals as a class exercise.   
 
Resources:  
For MSDS sheets and labels: 

• wsprs.wsu.edu 
• www.ilpi.com/msds/index.html 
• www.msdsonline.com 

For biological control agents: 
• wsprs.wsu.edu 
• pnwpest.org/pnw/insects (choose the Biological Control Agents 

chapter) 
 
Assignment:  Choose a fruit or vegetable that you enjoy eating that can be 
grown locally (define this as you wish) but also is grown as a commodity. 
 
1. Talk to a local agricultural professional (e.g. Extension, Conservation District, 

crop consultant, NRCS) or do your own research to learn: 
a. How this product is grown at the commodity level, learning about: 

i. Irrigation needs 
ii. Major pests of the crop and how they are controlled, e.g.: 

1. what pesticides or herbicides are used 
2. how many applications per year 
3. any IPM approaches used 

iii. fertilizers used (what, when, how often) 
b. What local, direct marketing opportunities there are in your location, 

including things like: 
i. Farmers Markets (how many, volume of sales, number of 

farmers) 
ii. Community Supported Agriculture (CSAs): (how many) 
iii. Roadside stands 
iv. Using this information, can you create an inventory of organic or 

“environmentally friendly” farms? 
c. Take one of the chemicals (or all if you’re ambitious) identified in part a 

above and look at the MSDS (material safety data sheet) or the label to 
see what environmental impacts this product has 

d. Are there any biological control agents available for the pests?   
 

2. Find a local producer of your crop and ask him/her the same questions in 1.a. 
above 
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3. Look in your grocery store for any place of origin food labeling.  At what level 

of detail is the place of origin labeled: 
a. Nation (e.g. grown in U.S, grown in New Zealand) 
b. State (e.g. Washington apples) 
c. Region (e.g. Puget Sound Fresh) 
d. County 
e. Farm (e.g. Alden potatoes, Willie Greens lettuce) 
f. What crops can be/are grown locally but also shipped in or not labeled 

as to place of origin (e.g. apples grown in Washington but also shipped 
in from New Zealand) and is there a price difference? 

 
Discussion questions/topics: 

• Are there differences between local and commodity production? 
• As a consumer, how can you influence the environmental impacts of the 

food you eat? 
• Are there local actions you can take to reduce the environmental impacts 

of food production? 
o Food purchasing behavior 
o Local land-use regulations (e.g. zoning, transportation, public 

health) 
o State or Federal policies 
o Based on the answers to #3, can you influence what is in your 

grocery store and why would you want to? 
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Activity 2: Food Production and Population 
 
Objective:  Students will understand how individual food choices have enormous 
environmental impacts when viewed from a world-wide level.  This activity 
examines at the environmental “costs” of eating meat relative to grains, which is 
a common switch as countries “modernize”, becoming more affluent. 
 
Note:  It is not intended that this exercise should make people feel like they 
should be vegetarians or vegans, it is meant to inform them that eating really is 
both a political and environmental act and they should be aware of the 
implications of their choices. 
 
Directions:  This assignment can be completed individually or broken up into 
parts and assigned to individuals a class exercise.   
 
Assignment:  Choose a meat that you enjoy eating, keeping it fairly basic like 
beef, poultry, etc. and answer the following questions: 
 
1. Research what it takes to raise this animal: 

a. How much water does it take to produce 1 pound of fresh weight?  e.g. 
Amount of water a cow consumes to produce each pound of meat sold 
at the store (just the animal, not the water to raise food stocks). 

b. How much feed (assume a basic cereal grain, e.g. wheat) does it take 
to produce 1 pound of fresh weight? 

c. How many calories does 1 pound of fresh weight provide? 
 

2. Research the world-wide consequences of eating this animal. 
a. How many pounds of the grain you chose in 1.b. does it take to provide 

the daily nutrient requirements for: 
i. Sedentary male and female (2000 kcal, 1600 kcal) 
ii. Lumberjack (4000 kcal) 
iii. Answer the above questions for the entire world population for 

the year 2000 and the year 2050  (i.e. How much grain would it 
take to feed a world of sedentary males for an entire year?). 

b. Answer all parts of question 2.a. assuming the population ate nothing 
but the meat you chose. 

 
3. How much land would it take to feed the world (for sedentary males, females, 

and lumberjacks): 
a. on the grain, 
b. on the meat, 
c. on the meat assuming 2/5th of the grain production is lost to pests (U.S. 

estimate for overall crop production, a bit high for this exercise). 
 

4. How much water do we need (world-wide) to: 
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a. Ensure everyone has the minimum needed to survive in 2000 and 
2050? 

b. Have everyone consume water at the level of a typical Washingtonian 
does? (domestic use only) 

c. Grow the grain we need to feed the world? 
d. Grow the grain to feed the animals and the water animals consumed if 

the world ate nothing but this animal? 
e. For c. and d. above if we lose 2/5th to pests? 

 
5. Discuss the implications for this based on: 

a. How much land we have devoted to people and food now? 
b. How dense do we need to live to ensure we have enough land for food 

production? 
c. How much fresh water do we have for each of the scenarios in #4?  
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Resource List: Agriculture and the Health of Your Watershed 
 

Statistical Sources and General Information 
 

U.N. Food and Agricultural Organization (FAO):  Website with world, regional and 
country level data on all aspects of food production (nutrition, pesticide sales and use, 
crop production, etc). 
Available at: http://faostat.fao.org/ 
 
American Farmland Trust: Website with state level farmland data. 
Available at: http://www.farmland.org/ 
 
USDA National Agricultural Statistics Service: Website census of state level 
agricultural data. 
Available at: http://www.nass.usda.gov/Census_of_Agriculture/index.asp 

 
 

Pesticides and IPM 
 
Washington State Department of Agriculture (2004). Drift management 101 for 
orchard sprayers. Pesticide Notes; 13(1):16-17.  
  
USDA Insect images: Website containing downloadable images.  
Available at: http://www.ars.usda.gov/is/graphics/photos/ 
 
EPA Pesticides Industry Sales and Usage: Website with pesticide sales data.  
Available at: http://www.epa.gov/oppbead1/pestsales/ 
 
Washington State University. Integrated Pest Management: Effective Options for 
Farmers. EM1786. 
Available through: http://pubs.wsu.edu 
 
ATTRA. Farm-scaping to Enhance Biological Control. Publication #CT065. 
  
ATTRA. Bio-intensive Integrated Pest Management.  Publication #IP049 
 
Washington State University. Washington Pesticide Law and Safety. MISC0056:  
Bulletin providing a good overview of pesticide issues and IPM. 
Available at: http://cru84.cahe.wsu.edu/cgi-bin/pubs/MISC0056.html 
 
Washington State University. Pesticides: Learning About Labels. MISC0191. 
Available at: http://cru84.cahe.wsu.edu/cgi-bin/pubs/MISC0191.html 
 
Puget Sound Pest Management Guidelines: A Guide for Protecting Our Water 
Quality: A 131 page PDF with information on IPM, pesticides and water quality. 
Available at: http://whatcom.wsu.edu/ag/comhort/nooksack/Guidelines.PDF  
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Gaolach, B. (2001). Utilizing vegetational diversity to manipulate insect 
populations: a study of small-scale mixed vegetables farms. Ph. D. dissertation, 
University of Washington. 
 
Barbosa, P. (1998). Conservation Biological Control.  San Diego, CA: Academic 
Press. 
 
Washington State University. Pest Management Practices Survey 2000 Results: 
Article discussing changes in pesticide use in Washington for apples, cherries, and 
pears. 
Available at: http://opus.tfrec.wsu.edu/~wjones/Survey2000/  

 
 

Fertilizers 
 
USDA Economic Research Service Data Sets: Website with data on fertilizer 
consumption in the U.S. 
Available at: http://www.ers.usda.gov/Data/FertilizerUse/ 
 
WSU Small Farms program series: Farming West of the Cascades:   
• Fertilizing with Manure: This publication (PNW0533) is designed for the small to 

mid-sized crop producer (organic and conventional) to assist the producer in more 
efficiently managing nutrients from solid animal manures. The purpose is to describe 
how to determine the appropriate manure application rate based on the type of 
manure and crops, and to describe how to apply the manure that that rate. 
Published July 2000. 

• Soil Management for Small Farms: This publication (EB1895) is a source of basic 
information on soil’s physical and biological properties, soil types in western 
Washington, nutrient management, and soil testing. It describes nutrient cycles, how 
to calculate fertilizer needs, spreader calibration for organic and inorganic fertilizers, 
and water quality protection. Published August 2000. 

Available at: http://smallfarms.wsu.edu/publications/farmWestCascades.html 
 
 

Irrigation and Water Use 
 
National Resources Conservation Service Photo Gallery: Website containing 
downloadable Images. 
Available at: http://photogallery.nrcs.usda.gov 
 
NRCS Irrigation Page: Website with irrigation information, research and discussion 
groups. 
Available at: http://www.wcc.nrcs.usda.gov/nrcsirrig/ 
 
USDA’s Economic Research Service (ERS) Irrigation and Water Use:  Website with 
information on agricultural water use issues. 
Available at: http://www.ers.usda.gov/Briefing/WaterUse/  
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Al-Kaisi, MM and Broner, I. Crop Water Use and Growth Stages. Colorado State 
University Cooperative Extension, 4.715. 
Available at: http://www.ext.colostate.edu/pubs/crops/04715.html 
  
University of Nebraska Irrigation Engineering publications. 
Available at:  
http://www.ianrpubs.unl.edu/epublic/pages/?what=subjectAreasD&subjectAreasId=25  
  
AgriMet, The Pacific Northwest Cooperative Agricultural Weather Network:  
Website with information on crop water use. 
Available at: http://www.usbr.gov/pn/agrimet/h2ouse.html  
 
USGS Water Science for Schools 
Available at: http://ga.water.usgs.gov/edu/wuir.html 
 
USGS Washington Water Science Center: Website contains water use data 
Washington State. 
Available at: http://wa.water.usgs.gov/data/wuse/  
 
 
Weather Data 
 
WSU Public Agricultural Weather System 
Avaialble at: http://frost.prosser.wsu.edu/paws/Links 
 
WSU AgWeatherNet 
Available at: http://agweathernet.prosser.wsu.edu/  

 
 

Water Scarcity/Security 
 
Dobrowolski, J.P. and O’Neill, M.P. (2004). Agricultural Water Security Listening 
Session, Final Report. Park City, UT: U.S. Department of Agriculture.  
 
Dobrowolski, J.P. and O’Neill, M.P. (2005). CSREES agricultural water security 
white paper.  Washington D.C. 
 
Rosegran, M.W, Cai, X., and Cline, S.A. (2002). World Water and Food to 2005, 
Dealing with Scarcity. Washington D.C.: International Food Policy Research 
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Irrigation systems and land treatment practices 

Onfarm water conveyance systems  

Open-ditch conveyance systems may be earthen, although improved systems are 
typically lined with concrete or other less permeable materials to reduce seepage 
loss. Water is delivered to gravity-flow fields by siphon tubes, portals or ditch 
gates, or pumped directly for certain pressurized systems. 

Pipeline systems are often installed to reduce labor and maintenance costs, as well 
as water losses to seepage, evaporation, spills, and noncrop vegetative 
consumption. Underground pipeline constructed of steel, plastic, or concrete is 
permanently installed; above-ground pipeline generally consists of lightweight, 
portable aluminum, plastic, or flexible rubber-based hose. One form of above-
ground pipeline--gated-pipe--distributes water to gravity-flow systems from 
individual gates (valves) along the pipe. Pipeline systems are the predominant means of water conveyance for 
pressurized application systems.  

 
Gravity-flow application systems  

Furrow systems, the dominant gravity application 
system, are distinguished by small, shallow channels 
used to guide water downslope across the field. Furrows 
are generally straight, although they may be curved to 
follow the land contour on steeply sloping fields. Row 
crops are typically grown on the ridge or bed between 
the furrows, spaced from 2 to 4 feet apart. 
Corrugations—or small, closely spaced furrows—may be 
used for close-growing field crops.  

Border (or flood) systems divide the field into strips, separated by parallel ridges. 
Water flows downslope as a sheet, guided by ridges 10 to 100 feet apart. On steeply sloping lands, ridges are 
more closely spaced and may be curved to follow the land contour. Border systems are suited to orchards and 
vineyards, and close-growing field crops such as alfalfa, pasture, and small grains. 
 
Uncontrolled flooding is a gravity-flood system without constructed ridges, relying on natural slope only to 
distribute water across the field. 
 
Improved gravity-flow systems and practices  
Field leveling involves grading and earthmoving to eliminate variation in field gradient—smoothing the field 
surface and often reducing field slope. Field leveling helps to control water advance and improve uniformity of 
soil saturation under gravity-flow systems. Precision leveling is generally undertaken with a laser-guided 
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system. 
 
Level basin (or dead-level) systems differ from traditional border systems in that field slope is level and field 
ends are closed. Water is applied at high volumes to achieve an even, rapid ponding of the desired application 
depth within basins. Higher application efficiencies reflect uniform infiltration rates across the field and 
elimination of surface runoff. Precision laser leveling is required to achieve level fields suitable for this method.
 
Shortened water runs reduce the length of furrow (or basin) to increase uniformity of applied water across the 
field. Reduced water runs are most effective on coarse soils with high soil-water infiltration rates. Water runs 
of one-half to one mile in length may be reduced to one-quarter mile or less (with an appropriate 
reorganization of the onfarm conveyance system). 
 

Surge flow is an adaptation of gated-pipe systems in which water is delivered to the
furrow in timed releases controlled by a valve. Furrows are alternately wetted and 
allowed to dry. As the soil dries, the soil surface forms a water seal permitting the 
next surge of water to travel further down the furrow with less upslope deep 
percolation. This technique significantly reduces the time needed for irrigation 
water to be distributed the full length of the field, thereby reducing deep 
percolation and increasing application efficiency. 
 

Cablegation is a gated-pipe system in which a moveable plug is allowed to slowly 
pass through a long section of gated pipe, with the rate of movement controlled by 
a cable and brake. Due to the oversizing and required slope of the pipe, water flow 

will gradually cease flowing into the first rows irrigated after the plug has progressed sufficiently far down the 
pipe. Improved water management is achieved by varying the speed of the plug, which controls the timing of 
water flows into each furrow. 
 
Alternate furrow irrigations involve wetting every second furrow only. This technique limits deep percolation 
losses by encouraging lateral moisture movement. Applied water and time required to irrigate each time may 
be significantly less than under full furrow systems, but more irrigations may be required to supply crop 
needs. This technique is very effective when the desired strategy is to irrigate to a “less than field capacity” 
level in order to more fully utilize rainfall. 
 
Special furrows have been employed to enhance water management. Wide-
spaced furrowsfunction much like alternative-row irrigation, except that 
every row is irrigated but rows are further apart. Compacted furrows involve 
compacting the soil in the bottom of the furrow to provide a smooth, firm 
surface to speed water advance. Furrow diking places dikes in the furrows to 
capture additional rainfall, thereby eliminating runoff and reducing irrigation 
requirements. Furrow diking is typically used on irrigated fields in 
combination with alternative furrow irrigations (in the non-irrigated row) or 
low pressure sprinklers on fine textured soils. 

Tailwater reuse systems recover irrigation runoff in pits below the field and 
pump the water to the head of the field for reuse. 

Pressurized application systems 
Center-pivot sprinklers are the dominant pressure technology. A 
center-pivot sprinkler is a self-propelled system in which a single 
pipeline supported by a row of mobile A-frame towers is 
suspended 6 to 12 feet above the field. Water is pumped into the 
pipe at the center of the field as towers rotate slowly around the 
pivot point, irrigating a large circular area. 
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Sprinkler nozzles mounted on or suspended from the pipeline distribute 
water under pressure as the pipeline rotates. The nozzles are graduated 
small to large so that the faster moving outer circle receives the same 
amount of water as the slower moving inside.  

  

  

  

  

  

Typical center-pivot sprinklers are one-quarter mile long and irrigate 128- to
132-acre circular fields. Center pivots have proven to be very flexible and 
can accommodate a variety of crops, soils, and topography with minimal 
modification. 

  

  

 
   

Hand move is a portable sprinkler system 
in which lightweight pipeline sections are moved manually for successive 
irrigation sets of 40 to 60 feet. Lateral pipelines are connected to a mainline, 
which may be portable or buried. Handmove systems are often used for 
small, irregular fields. Handmove systems are not suited to tall-growing field 
crops due to difficulty in repositioning laterals. Labor requirements are 
higher than for all other sprinklers. 

  

   

Solid set refers to a stationary sprinkler system. Water-supply pipelines are 
generally fixed—usually below the soil surface—and sprinkler nozzles are elevated above the surface. In some 
cases, handmove systems may be installed prior to the crop season and removed after harvest, effectively 
serving as solid set. Solid-set systems are commonly used in orchards and vineyards for frost protection and 
crop cooling. Solid-set systems are also widely used on turf and in landscaping. 
 
Big gun systems use a large sprinkler mounted on a wheeled cart or trailer, fed by a flexible rubber hose. The 
machine may be self-propelled while applying water, traveling in a lane guided by a cable. Other systems may 
require successive moves to travel through the field. Big guns require high operating pressures, with 100 psi 
not uncommon. These systems have been adapted to spread livestock waste in many locations. 

Side-roll wheel-move systems have large-diameter wheels mounted on a pipeline, enabling the line to be 
rolled as a unit to successive positions across the field. A gasoline engine generally powers the system 
movement. This system is roughly analogous to a handmove system on wheels. Crop type is an important 
consideration for this system since the pipeline is roughly 3 feet above the ground.  
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Improved pressurized systems and 
practices  
Improved center pivots have been 
developed that reduce both water 
application losses and energy 
requirements . Older center pivots, with 
the sprinklers attached directly to the 
pipe, operate at relatively high pressure 
(60-80 psi), with wide water-spray 
patterns. Newer center pivots usually 
locate the sprinklers on tubes below the 
pipe and operate at lower pressures (15-
45 psi). Many existing center pivots have 
been retrofitted with system innovations 
to reduce losses and energy needs.  

 
Linear or lateral-move systems are similar to center-pivot systems, except that the lateral line and towers 
move in a continuous straight path across a rectangular field. Water may be supplied by a flexible hose or 
pressurized from a concrete-lined ditch or along the field edge. 

LEPA (Low-energy precision application) is an adaptation of center pivot (or 
lateral-move) systems that uses droptubes extending down from the 
pipeline to apply water at low pressure below the plant canopy, usually on 
the ground or only a few inches above the ground. Applying the water close 
to the ground cuts water loss from evaporation and wind and increases 
application uniformity. On fine-textured soils with slower infiltration rates, 
furrow dikes may be necessary to avoid runoff.  
 
 

Low-flow irrigation systems—including drip 
and trickle—use small-diameter tubes 
placed above or below the field’s surface. 
Frequent, slow applications of water are 
applied to soil through small holes or 

emitters. The emitters are supplied by a network of main, submain, and 
lateral lines. Water is dispensed directly to the root zone, precluding runoff 
or deep percolation and minimizing evaporation. Micro-sprinklers—a 
variation of low-flow systems—use the same type of supply system, with 
low-volume sprinkler heads located about 1 foot above the ground. (Micro-
sprinklers are used in place of multiple drip emitters when wetting an area 
or perimeter is needed). Low-flow systems are generally reserved for 
perennial crops, such as orchard products and vineyards, or other high-
valued vegetable crops.  

Water use terms 

Acre-foot—A volume of water covering an acre of land to a depth of 1 foot, or 325,851 gallons. 
 
Consumptive use—Amount of withdrawn water lost to the immediate water environment through 
evaporation, plant transpiration, incorporation in products or crops, or consumption by humans and livestock. 
 
Ground water—Generally all subsurface water as opposed to surface water. Specifically, water from the 
saturated subsurface zone (zone where all spaces between soil or rock particles are filled with water). 
 
Industrial withdrawals/use (other than thermoelectric)—Includes the water withdrawn/consumptively used
in facilities that manufacture products (including use for processing, washing, and cooling) and in mining 
(including use for dewatering and milling). 
 
Irrigation withdrawals/use—Includes the water withdrawn/consumptively used in artificially applying water
to farm and horticultural crops. Some data sources include water to irrigate recreational areas such as parks 
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and golf courses. 
 
Loss—Water that is lost to the supply, at the point of measurement, from a nonproductive use, including 
evaporation from surface-water bodies and nonrecoverable deep percolation. 
 
Overdrafting—Withdrawing ground water at a rate greater than aquifer recharge, resulting in lowering of 
ground-water levels. Also referred to as aquifer mining. 
 
Public and rural domestic withdrawals/use—Includes the water withdrawn/consumptively used by public 
and private water suppliers and by self-supplied domestic water users. 
 
Recharge—The percolation of water from the surface into a groundwater aquifer. The water source can be 
precipitation, surface water, or irrigation. 
 
Return flow—Water that reaches a surface-water source after release from the point of use, and thus 
becomes available for use again. 
 
Surface water—An open body of water such as a stream, river, or lake. 
 
Thermoelectric withdrawals/use—Includes the water withdrawn/consumptively used in the generation of 
electric power with fossil-fuel, nuclear, or geothermal energy. 
 
Irrigation water application—The depth of water applied to the field. Irrigation application quantities differ 
from irrigation withdrawals by the quantity of conveyance losses. 
 
Withdrawal—Amount of water diverted from a surface-water source or extracted from a groundwater source.

Irrigation water-use efficiency terms 

Water-use efficiency measures are commonly used to characterize the water-conserving potentials of 
alternative irrigation systems. However, “efficiency” may be measured at various points within the hydrologic 
cycle, with somewhat different implications for water savings. 
 
Irrigation efficiency—broadly defined at the field level, is the ratio of the average depth of irrigation water 
beneficially used (consumptive use plus leaching requirement) to the average depth applied, expressed as a 
percentage. 
 
Application efficiency—is the ratio of the average depth of irrigation water stored in the root zone for crop 
consumptive use to the average depth applied, expressed as a percentage. Crop-water consumption includes 
stored water used by the plant and field surfaces. Leaching requirement, which accounts for the major 
difference between irrigation efficiency and application efficiency, is the quantity of water required to flush soil 
salts below the plant root zone. Field-level losses include surface runoff at the end of the field, deep 
percolation below the crop-root zone (not used for leaching), and excess evaporation from soil and water 
surfaces. 
 
Conveyance efficiency—is the ratio of total water delivered to the total water diverted or pumped into an 
open channel or pipeline, expressed as a percentage. Conveyance efficiency may be computed at the farm, 
project, or basin level. Conveyance losses include evaporation, ditch seepage, operational spills, and water 
lost to noncrop vegetative consumption. 
 
Project efficiency—is calculated based on onfarm irrigation efficiency and both on- and off-farm conveyance 
efficiency, and is adjusted for drainage reuse within the service area. Project efficiency may not consider all 
runoff and deep percolation a loss since some of the water may be available for reuse within the project. 
 

  

for more information, contact: Noel Gollehon 
web administration: webadmin@ers.usda.gov 
page updated: October 26, 2004 
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How Fertilizers and Plant Nutrients Affect 

Groundwater Quality
Robert G. Stevens, Dan M. Sullivan, and Craig G. Cogger 

xx
Essential plant nutrients occur naturally in soil. To increase crop yield, growers 
supplement soil nutrients by adding chemical fertilizers and organic fertilizers such 
as animal manures and crop residues. Because excess nutrients can move below the 
root zone, managing plant nutrients is an important part of protecting groundwater 
quality. 

The soil supplies 13 essential plant nutrients (Table 1). The first three are the primary 
nutrients. Plants need the largest quantities of these nutrients, which are most often 
included in fertilizers. The second three are called secondary nutrients. Plants need 
smaller amounts of secondary nutrients, which are often added as soil amendments. 
Plants require small quantities of the remaining nutrients, or micronutrients, in the 
relative order listed. 
xx

Table 1. Essential plant nutrients. Plants obtain these elements from soil, fertilizer, 
crop residues, and other organic additions. Plants also require carbon, hydrogen, and 
oxygen, which they derive from water and air. Nutrients are listed in relative order of 

plant uptake.

Name Chemical symbol
Plant-available ions 

in soil water Solubility
Primary Nutrients  

Nitrogen N NH4+,NO3-,NO2- high
Phosphorus P HPO4=,H2PO4- very low
Potassium K K+ low
Secondary 
Nutrients    

Sulfur S SO4= high
Calcium Ca Ca++ low

Magnesium Mg Mg++ low
Micronutrients  

Zinc Zn Zn++ very low
Iron Fe Fe++,Fe+++ very low

Copper Cu Cu++,Cu+ very low
Manganese Mn Mn++,Mn++++ very low
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Boron B H3BO3 medium
Molybdenum Mo MoO4= low

Chlorine Cl Cl- high
xx
Plants can take up only those nutrients that are in solution (dissolved in soil water). 
Chemically, nutrients in solution are ions. For example, sodium chloride (NaCl) is 
common table salt. When dissolved in water, salt breaks down into sodium ions, Na+, 
and chlorine ions, Cl-. Nutrient ions have a positive or negative charge as listed in 
Table 1. Many soil particles are negatively charged; they attract and bind positively 
charged nutrients, making them less likely to leach. 

Leaching is the movement of materials dissolved in water. It is a natural process in 
soil. If leaching did not occur, soil would gradually accumulate enough nutrients and 
other ions to prevent plant growth (high salt levels). Groundwater contamination 
occurs when excess amounts of nutrients leach below the root zone and into 
groundwater (Fig. 1). Soluble nutrients that are available to plants are also subject to 
leaching. Nutrients that leach below the root zone can contaminate groundwater. The 
root zone can vary from 1 to 6 feet, depending on the crop and its stage of 
development. 

Nitrate is of particular concern because it leaches easily and contaminates 
groundwater at low concentrations. Other easily leached nutrients are seldom present 
in fertilized soils at levels that currently are considered to degrade groundwater. 

Fig. 1. Nutrients leached below the root zone can contaminate groundwater. Because 
the root zone can vary from 1 to 6 feet, the area of critical management will vary with 

the crop and stage of development.
xx

Nitrogen in the Plant Environment
Growers add more nitrogen (N) to the soil to increase crop production than any other 
nutrient. In soil, organic N and inorganic N are converted to highly leachable nitrate. 
The risk of nitrate leaching and contaminating groundwater is highest when the 
following are true: 
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Nitrogen applications exceed crop needs.  
Timing of N applications does not coincide with crop needs.  
Soils are well drained.  
Excess rainfall or irrigation increases leaching.  

Even though N movement in soil is not completely predictable, and soil type and 
rainfall cannot be altered, sound management is critical. Nitrogen application rate and 
timing, irrigation amount and timing, and crop management can be modified to 
increase crop nitrogen uptake and reduce nitrate leaching. 

xx
Nitrogen Forms

Understanding N forms and changes in the soil environment is essential for sound N 
management. Poor management decisions can increase N contamination of 
groundwater.
xx
Table 2. Common chemical forms of nitrogen in soil and fertilizers.
Compound 
Group Name Symbol Remarks

Organic Proteins, Amino 
Acids

R-NH2

Contained in manures, biosolids, 
composts, plant residues, and soil 
organic matter. Immobile. Not 
plant-available.

 Urea (H2N)2CO
Commercial fertilizer. Also in fresh 
animal manure. Rapidly converted 
to NH4+ in soil.

Inorganic Ammonia NH3

Applied to soil as anhydrous 
ammonia fertilizer. A component of 
fresh animal manure. Can be lost to 
the atmosphere as a gas. Rapidly 
converted to NH4+ in soil.

 Ammonium NH4+

Can be absorbed by clay and 
organic matter, preventing large 
amounts from moving with water. 
Plant-available. Converted to NO3- 
by soil microorganisms 
(nitrification).

 Nitrite NO2-
Short-lived intermediate in 
nitrification. Concentration in soil is 
usually insignificant.

 Nitrate NO3-
Typically present in relatively large 
amounts and highly mobile with 
water. Plant-available.

Atmospheric Nitrogen N2

Comprises about 80% of soil 
atmosphere. Source of N for 
legumes. Not utilized by other 
crops.

xx

Nitrogen in the soil takes many forms (Table 2):
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Organic N occurs as proteins and amino acids. It is part of soil organic matter, 
animal manure, crop residue, biosolids (municipal wastewater sludge), and other 
organic materials added to the soil. Organic N is available to plants only after 
microorganisms convert it to inorganic forms. 

Inorganic N. Plant-available inorganic forms of nitrogen are ammonium (NH4+) and 
nitrate (NO3-). Ammonia (NH3) occurs in anhydrous ammonia fertilizer and in fresh 
animal manure. However, ammonia is short-lived in most soils and is rapidly 
converted to ammonium (NH4+), to nitrite (NO2-), and then to nitrate (NO3-). 
Nitrate, which is highly water soluble, moves easily with water, and therefore leaches 
readily. 

Atmospheric N occurs mostly as nitrogen gas (N2), which is about 80% of the 
atmosphere. Plants do not utilize atmospheric N. but N-fixing bacteria living on the 
roots of legumes such as alfalfa, beans and clovers convert atmospheric N to organic 
N. This N fixation can add significant amounts of N to the soil. 

xx
Nitrogen Cycle

The N cycle (Fig. 2) illustrates changes of nitrogen forms in soil. The N cycle 
includes fixation of atmospheric N, microbial mineralization and nitrification, N 
uptake by plants and soil organisms, leaching, and gaseous N losses. Chemical, 
biological, and physical processes all affect nitrogen in the soil. 

Mineralization is the release of inorganic N, as ammonium, by microbial breakdown 
of plant residues, added organic materials, and soil organic matter. The rate of 
inorganic N release depends on the material being digested, and on soil temperature 
and moisture content. Mineralization may take weeks, months, or years. Nitrogen is 
released slowly from soil organic matter, but more rapidly from some crop residues, 
animal manure, biosolids, agricultural processing byproducts, and compost. Urea 
mineralizes very rapidly. 

Many commercial fertilizers contain ammonium N, which plants can use directly. 
Microorganisms also use ammonium or nitrate when they digest plant residues with 
little N, such as straw or sawdust. Inorganic ammonium is held on soil particles and 
is leached slowly until converted to nitrate. 

Nitrification is the conversion of ammonium into nitrate by soil bacteria. Nitrate is 
available to plants and microorganisms, and many plants select it over ammonium. In 
well-drained, warm soils, ammonium converts rapidly to nitrite and then to nitrate. 
Under normal soil conditions nitrite is very shortlived and does not represent a 
significant portion of the N pool. 

In saturated soils, which contain an energy source for microorganisms, microbial 
denitrification may convert nitrate to gaseous N. The gaseous N (N2 or N20) is then 
lost to the atmosphere. 
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Fig. 2. Nitrogen Cycle. Legumes, soil organic matter, crop residues, and organic 

additions (manures, composts, etc.) are sources of organic N. Organic N is 
mineralized into ammonium (NH4+). Commercial fertilizer supplies N as ammonium 

or nitrate (NO3-). Microbes nitrify ammonium to nitrate. Plants, microorganisms, 
leaching below the root zone, and release of gaseous N to the atmosphere remove N 
from the root zone soil solution. Crop harvest removes N stored in plants. Nitrogen 

present in both crop residues and soil microorganisms becomes a part of the soil 
organic N content.

xx
Phosphorus and Other Nutrients

Phosphorus (P) is second to nitrogen in chemical quantities applied to cropland. 
Plants take up phosphorus as phosphate ions (H2PO4- or HPO4=) from soil water. 
These ions occur at very low levels in soil water: less than 1 part per million (ppm). 
Most soil P is in organic forms or in soil minerals that are relatively insoluble. 
Although negatively charged, so it does not bond with soil particles, phosphorus 
combines with calcium, iron, and aluminum into almost insoluble compounds. 
Because of its low solubility, very little P leaches to groundwater. Phosphorus carried 
off-site in eroding soil can contaminate surface water. 

Soil water leaching out of the root zone has an electrical balance between positively 
and negatively charged ions. The positive ions are largely sodium, potassium, 
calcium, and magnesium. The negative ions are largely nitrate, sulfate, chloride, and 
carbonates (HC03- or H2CO3). All of these ions occur in groundwater naturally and 
in large quantities; only nitrate is a contaminant. 

Positively charged metal ions (manganese, copper, iron, and zinc) are sometimes 
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applied in small quantities in fertilizer or organic material like manure or biosolids. 
Metals are sparingly soluble and do not leach in soil water. Molybdenum (MoO4=) 
and boron (H3BO3), needed in small quantities by plants, are negative or neutral ions 
in soil water. The total soil content of molybdenum is very low (1-4 ppm) and tends 
to be immobile. Growers add fertilizer boron only in small amounts, because the 
range between adequacy and toxicity is very small for some plants.
xx

High Risk Environments
To reduce fertilizer impacts on groundwater quality, identify high risk environments 
and manage nutrients carefully. High risk environments include: 

Sandy soils  
Shallow-rooted crops  
High rainfall areas or excess irrigation  
Shallow unprotected groundwater  
Wellheads and homesteads  

As more information becomes available on nutrients leaching to groundwater, other 
high risk areas may be identified. 

Even properly constructed wells directly link the ground surface and groundwater. 
Protect the well area from nutrients and other contaminants that may flow to, around, 
or down the outside of the well to groundwater. 

Prevent contaminated water from feeding back to a well from water lines. Install anti-
backsiphoning valves (special check valves) between the well and: 

Residential hose bibs  
Spray tank filling lines  
Pumps to inject nutrients into irrigation water  
Pumps to inject medications or nutrients into livestock water 

xx
Nitrogen Management

Sound management can decrease, but not eliminate, N leaching to groundwater. The 
following section discusses some Best Management Practices (BMPs). 

Estimate Yield. The first step in managing N for crop production is to estimate 
realistically the yields under current management practices and available inputs. Use 
the yield history of each specific field rather than the highest possible yield or the 
average yield of larger areas. 

Nitrogen Requirement. Calculate the crop N needed based on the field's yield 
history and planned inputs (WSU Cooperative Extension Bulletins are helpful in this 
process). 

Estimate Available N. Before fertilizing or spreading manure, estimate the amount 
of plant-available N in the soil. In central and eastern Washington, take soil samples 
to determine residual ammonium and nitrate available in the soil profile. Western 
Washington soils have low inorganic N levels in the spring due to leaching and 
gaseous N losses during winter months. Therefore, soil scientists do not recommend 
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predicting N needs by using ammonium and nitrate sampling. 

Estimate the amount of N to be released through mineralization of organic N from 
manures, legumes, plant residues, and soil organic matter during the coming growing 
season. Subtract these nonfertilizer N contributions from the total N required. 
Determine the amount of fertilizer required to provide the N needed to produce the 
crop. 

Fertilizer Placement and Timing. Place fertilizer to increase crop N uptake. Placing 
concentrated N applications near the root zone is generally more efficient than 
spreading fertilizer uniformly over a field. Schedule N applications so adequate N is 
available during peak plant demand. In some cropping systems, two or more "split" 
applications can significantly increase plant use of fertilizer N. 

Crop Rotations can increase N utilization. Relatively deep rooted crops (alfalfa, 
corn, wheat) in rotations with shallow rooted ones (potatoes, onions) can extract N 
from deeper in the soil. Catch-crops that grow during the winter, such as winter rye, 
use inorganic N that could otherwise leach. Incorporate the catch-crop to release N 
during growth of the next crop. 

Crop Management. An adequate supply of all plant nutrients and adequate control 
of plant pests increases crop N uptake. Good soil tilth promotes root growth and the 
utilization of N from the soil profile. 

Proper amounts and timing of irrigation can improve crop production and N uptake. 
Excessive or poorly timed irrigation can be a major cause of N leaching below the 
root zone. If nutrients are applied with irrigation (fertigation), water application must 
be as uniform as possible for uniform nutrient application. 

Summary of BMPs to reduce potential nitrogen groundwater contamination: 
xx

Nitrogen Management
Estimate crop yields accurately.  
Determine N requirement for crop.  
Estimate currently available N. 
- Residual soil ammonium and nitrate from soil test. 
- Estimate N contribution from: 
Manures 
Legumes and plant residues 
Organic matter 
Irrigation water  
Determine need for additional N.  
Place N where roots can take it up.  
Time N applications so that it is available during peak plant demand (split 
application where appropriate).  
Use tissue testing (nutrient analysis of plant samples) to monitor in-season N 
availability.  
Use catch-crops to recover leachable N. 

xx
Crop Management

Supply adequate amounts of all plant nutrients. 
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TOP

Practice proper pest management.  
Apply adequate but not excessive irrigation. 

xx
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EB1786  

 
 

 
 Preface   

     
This document is a shorter version of a manual titled, Puget Sound Pest Management 
Manual, A Guide for Protecting Our Water Quality, developed under the direction of 
Washington State University (WSU) Cooperative Extension personnel. Craig 
MacConnell and a diverse advisory committee that represented various farm and 
other pesticide user groups, federal and state agencies, elected officials, research 
scientists, agribusiness, and environmental groups steered the report. The committee 
believed that if they explained and encouraged the adaptation of Integrated Pest 
Management (IPM) practices, actual pesticide usage would be reduced, which in turn 
would reduce the impact on groundwater from pest management practices. The 
public, the customer, and the government encourage and support the adaptation of 
IPM type approaches. 

Whether you are a farmer, golf course manager, structural pest control operator, or 
any of several resource managers that get involved in pest control, you have probably 
heard about IPM. Perhaps you have formed an opinion about IPM as it relates to your 
particular situation. This document is an introduction to the "nuts and bolts" of IPM, 
so that you will understand this technology and will consider parts of IPM that suit 
your particular situation. Too often, presenters have described IPM as "complex and 
multi-disciplinary," which translates to managers as high-tech, new, and unattainable. 
Pest management is a dynamic process; we do not have all of the answers. The 
challenge is to use what we know about IPM by implementing it into practical 
solutions. 

Following a brief overview of groundwater, this publication discusses the details and 
logic of IPM as a strategy to prevent groundwater contamination from pesticides. 
     

Groundwater   
     

Groundwater plays an important role in the lives of millions of people nationwide. In 
the United States, about half of the total population and 90% of the rural population 
depend on groundwater as their drinking water source. Generally, groundwater is a 
safe and reliable source of water. Increasing evidence shows that human activities 
affect this resource. 

Many people think of groundwater as underground lakes, rivers, or streams isolated 
between layers of impermeable material. Although this does occur in some cases, 
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groundwater more often exists as subsurface water filling spaces between particles of 
sand, soil, or rock beneath the earth's surface. When references are made to 
groundwater sources, people use the term aquifer to describe the saturated area. 
Aquifers usually are classified as either confined or unconfined. 

A confined aquifer is separated from the water table above by a layer of relatively 
impermeable sediment or rock. At its base, another layer of materials having low 
permeability forms a seal. Confined aquifers are resupplied with new water (referred 
to as recharge) only at the point where the formation meets the surface or where it 
ends underground. Recharge does not come from overlying land surfaces. The natural 
forces recharging confined aquifers make them much less vulnerable to 
contamination than unconfined aquifers. 

The water table is usually the top of the unconfined aquifer, and recharge comes from 
overlying land surfaces. Unconfined aquifers do not have an impermeable layer 
protecting the water source as confined aquifers do. As a result, unconfined aquifers 
are at a much greater risk of groundwater contamination than are confined aquifers. 
A significant portion of the population in western Washington obtains water either 
through individual wells or community wells. The source of this water most often is 
an unconfined aquifer. 
     

Threats to Groundwater from Pesticides   
     

Federal, state, and local agencies have undertaken numerous studies to determine the 
extent of groundwater contamination from pesticides. Most areas selected for study 
had relatively high groundwater vulnerability and high pesticide use. Many of the 
pesticides sampled are no longer in use. The U.S. Environmental Protection Agency 
(EPA) completed the National Pesticide Survey (NPS) in 1990. This 5-year study 
provides the most comprehensive look at groundwater on a nationwide level. Based 
on the results of the NPS, the EPA estimates that 10% of community water systems 
and 4% of rural domestic wells in the United States contain at least one pesticide or 
element of a pesticide. 

Pesticides primarily enter groundwater through the soil. This movement of pesticides 
through the soil is known as leaching. Pesticide leaching partially depends on the 
chemical and physical properties of the pesticide. Adsorptivity, the ability of a 
pesticide to bind with soil particles, influences the leaching potential of pesticides. A 
pesticide that binds tightly to soil particles is less likely to leach than one that does 
not. Another property of pesticides that influences leaching is the solubility of the 
pesticide. A pesticide that dissolves in water can move with water through the soil. 

Soil factors that influence leaching include soil texture, amount of organic matter, 
and permeability. A sandy soil, which is much more permeable than a clay soil, and 
that has less organic matter, has a much greater leaching potential. 

Pesticides detected in the groundwater in various western Washington counties 
include ethylene dibromide (EDB), carbofuran, dibromochloropropane (DBCP), 1,2-
dichloropropane, and prometon. Researchers found 12 of 23 pesticides they were 
testing for in an aquifer that originates in British Columbia, Canada, and extends 
south into Whatcom County, Washington.
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The primary concern with groundwater contamination is clean-up. Protection of the 
water supply is less expensive and more feasible than cleaning up a contaminated 
aquifer. 
     

National Pesticide Survey   
     
In 1990, the EPA completed its 5-year study of pesticides in drinking water wells. 
During the study period, the EPA sampled approximately 1,300 community water 
system (CWS) wells and rural domestic wells for the presence of 101 pesticides and 
25 pesticide degradates. Statistically, the NPS represents approximately 94,600 
drinking water wells at 38,300 community water systems and over 10.5 million rural 
domestic wells throughout the United States. The study was designed to ensure that 
samples were taken from wells located in areas that had a wide range of levels of 
pesticide use and groundwater vulnerability. 

The pesticides found most frequently were DCPA and atrazine. DCPA is used 
extensively on home lawns, golf courses, and farms to control annual grasses and 
broadleaf weeds. Atrazine is used for general weed control on noncropped industrial 
land, for selective weed control in conifer restoration and Christmas tree plantations, 
and for nonselective control of vegetation on fallow land. 

Other pesticides detected were alachlor, bentazon, DBCP, dinoseb, ethylene thiourea, 
hexachlorobenzene, lindane, prometon, and simazine.
     

INTEGRATED PEST MANAGEMENT 
     
Integrated pest management represents a balanced approach to controlling pests. 
Although most IPM research has addressed agriculture, successful programs occur in 
most other environments as well. It is not a panacea or cure-all; it is a scientifically 
based strategy for controlling pests with minimal disruption of the earth's 
environment. Pesticides are an important part of most IPM programs and will likely 
continue as such for quite some time. IPM is not a threat either to the pesticide 
industry or to availability of pesticides. It recognizes that pesticides are a valuable 
resource, and that through judicious use, this resource will continue to be available. 
IPM continues to be cited as the most sensible strategy to protect groundwater from 
pesticide contamination. Pesticide use is optimized under IPM, generally reducing 
frequency of pesticide application and, therefore, reducing groundwater 
contamination. IPM also represents a mental shift in our approach to pest control. An 
attempt is made to understand the dynamic nature of interactions among 
environment, pest, and host, rather than to focus exclusively on the pest.
     

Definition   
     
IPM is an ecologically based pest control strategy that relies heavily on natural 
mortality factors, such as natural enemies and weather, and that seeks out control 
tactics to disrupt these factors as little as possible. Regular, systematic monitoring of 
pest populations and natural control factors forms the basis for deciding whether pest 
control action is necessary. Ideally, an IPM program blends or integrates appropriate 
tactics including cultural practices, natural enemies, resistant host varieties, physical 
methods, and pesticides to suppress a pest population to a tolerable level, based on 
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economic or aesthetic considerations.
     

Reasons For IPM   
     
Three main points support further development and use of IPM in agriculture, 
forestry, turf and ornamental, and urban environments. 

 

1

Several disadvantages are associated with a heavy or sole reliance 
upon pesticides, including pest resistance to pesticides, secondary 
pest outbreaks, pest resurgence, nontarget effects, and 
environmental contamination.

2 Due to the pesticide reregistration process initiated in 1988, we 
have fewer pesticides to choose from.

3 We also have an increased knowledge of ecological principles, the 
interrelationships between organisms and their environment.

     
Resistance  
The more often growers use a specific pesticide, the greater likelihood exists that the 
pest will develop resistance. Resistance is expensive primarily because it requires 
replacing chemicals that are no longer effective. The cost of registering pesticides has 
increased dramatically over the past 30 years, and this cost is passed on to the user. 
As of 1986, resistance had been reported in 447 species of insects and mites, 100 
species of plant pathogens, 48 species of weeds, five species of rodents, and two 
species of nematodes.
     
Secondary Pest Outbreaks  
Secondary pest outbreaks can result when chemical applications inadvertently disrupt 
natural control agents. Organisms that previously caused no significant damage reach 
pest status once their natural control agents have been destroyed. Secondary 
outbreaks are documented with the twospotted spider mite, a secondary pest of red 
raspberries in western Washington. A complex of beneficial insects and mites keep 
this mite below a problem level. Field studies from 1987 through 1989 showed that 
mites reached a problem level in fields that received frequent insecticide applications. 
This is particularly a problem in fields that have high populations of root weevils. 
Weevil control requires a preharvest application of a broad-spectrum insecticide that 
disrupts natural enemies of the twospotted mite.
     
Pest Resurgence  
Pest resurgence occurs when a pesticide kills both a large percentage of the pest 
population and its natural enemies. The absence of natural enemies permits the rapid 
return and population explosion of the pest.
     
Other Nontarget Effects  
Due to the broad spectrum nature of many pesticides and the potential for drift from 
the application site, pesticides can affect organisms that are not the intended target. 
Organisms affected include honeybees, plants, aquatic organisms, soil microbes, 
small domestic animals, wildlife, and humans.
     
Environmental Contamination  
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Chlorinated hydrocarbon pesticides are generally long lived and can accumulate in 
the food chain. DDT, which is no longer available in this country, is an example of 
this class of pesticides. Although we are moving to less persistent materials, 
environmental contamination is still a concern, as findings of pesticide contaminated 
groundwater show.
     
Pesticide Reregistration Process  
Twenty years ago the EPA was created and given the responsibility for pesticide 
regulation. As of 1988, all pesticides registered before 1984 must be reregistered to 
meet current testing requirements. Reregistration represents significant additional 
expense to manufacturers and threatens continued registration and use. The process is 
slow and the backlog is so great that completion of the reregistration process is not 
anticipated until the late 1990s. Many registrations already have been dropped, and 
more losses are expected.
     
Increased Knowledge of Ecological Principles  
Ecology is the study of interrelationships between organisms and the environment. 
Organisms do not live and operate in a vacuum. They depend on and also affect other 
organisms that share the same environment. 

The challenge of IPM is to analyze and select tactics, including pesticides, that 
suppress the pest population below damaging levels while minimizing destruction of 
naturally occurring beneficials and other organisms.
     

Principles of IPM   
     
The components of IPM that separate it from traditional pesticide intensive methods 
of pest control are discussed in detail below. These principles must be considered in 
any IPM program and are the foundation of IPM. What improvements can you make 
in your service or operation using IPM?
     
What is a Pest?  
Pests are organisms whose population densities are high enough to cause economic, 
aesthetic, social, or medical losses. The term "pest" is subjective, a matter of opinion. 
What one person considers a pest may not be a pest for another. IPM recognizes that 
designating an organism as a pest depends on its situation rather than simply its 
species. Pests come in all shapes and sizes and can inhabit many different 
environments. The principles of IPM apply when managing the diverse group of 
organisms that can become pests. These include vertebrates (birds, deer, and rodents), 
arthropods (mites, insects, spiders), plant diseases (fungi, bacteria, viruses), plant 
parasitic nematodes, and weeds in many different environments or systems. Pests 
occur in agriculture, forestry, golf courses, public grounds, greenhouse, nursery, and 
in numerous urban settings.
     
Pest Biology and Life Cycle  
To effectively manage a pest, you must understand its biology and seasonal 
development or life cycle. The first step is proper identification of the pest, which is 
often overlooked. Once you have identified the pest, determine its stage of 
development. Most pests are more vulnerable to control at a certain stage. Try to time 
control efforts with the susceptible stage.
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The Local Ecosystem  
It is helpful to understand a pest's place in the local ecosystem, whether it is a 
raspberry field, a forest or a house. What environmental conditions favor its 
development? What does it need to survive and increase in population? Are there 
organisms present that feed upon or parasitize the pest? Knowing the interactions 
among pest, host, and environment can reveal a multitude of strategies for managing 
the pest.
     
Key and Secondary Pests  
IPM programs are constructed around the "key" or most important pests in any 
situation. For example, the key pests that affect strawberry production in the Pacific 
Northwest are root weevils, strawberry aphid, twospotted spider mites, botrytis fruit 
rot, and red stele, a root rot disease. Monitoring in strawberries is tailored to these 
pests. In addition, secondary pests such as lygus bugs, cyclamen mites, and 
leafrollers are occasional pests. Key pests have the potential to cause the most 
damage and frequently are present from year to year.
     
Regular Monitoring  
Regular systematic monitoring, often referred to as "field scouting" in agriculture, is 
the most important component of IPM. Monitoring provides the field- or site-specific 
information needed to make appropriate pest management decisions. Usually both 
labor- and knowledge-intensive, it is most often conducted by a pest management 
specialist. 

The most common methods for monitoring insects are random sampling and 
trapping. When using random sampling, scouts take counts of pest numbers, damage, 
and natural enemy populations at random spots within a field or management unit. 
Usually they choose at least four spots distributed throughout a field and record 
results for each spot. The field scout also observes any unusual conditions while 
walking between spots. Various kinds of traps can detect the first appearance of 
mobile insects and track the pest's life cycle. Pheromone traps are very useful for 
predicting activity peaks for certain insects and predict the best timing of control 
actions. After the field visit, the pest manager completes a report showing site 
locations and sampling results. This is the basis for treatment and future monitoring 
decisions. 
     
Monitoring Techniques  

Direct counting from plant foliage is one of the most common techniques 
in agriculture. Specialists can use a hand lens in the field, or collect 
leaves for later examination in the laboratory depending on the type of 
pest and desired accuracy. Insects also can be dislodged from plant 
foliage by shaking vigorously and capturing them below on a cloth sheet 
or tray of a standard size such as a pear psylla beating tray. Sweepnets 
are also used to dislodge and collect insects from foliage. Regular 
monitoring of actual insect damage, for example, defoliation estimates or 
fruit entries, can help relate population estimates to damage ratings and 
need for treatment. Presence of frass (fecal matter) or exuviae (shed 
skins) indicates insect activity, which in some cases (e.g., powderpost 
beetles) is very important. 

Due to the microscopic nature of plant diseases, field monitoring is often 
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impractical. Environmental monitoring can be very important in disease 
management because treatments may be necessary before infection 
begins. Use a weather station placed in a field to continuously monitor 
parameters such as soil and air temperature, soil moisture, relative 
humidity, and leaf wetness. Measuring these weather parameters and 
correlating them to disease development can be the basis for 
mathematical models. Use these models to make accurate fungicidal 
applications based on environmental conditions. Disease predictors are 
available for managing late blight in potatoes and apple scab, both 
important diseases in the Pacific Northwest. Disease predictors also are 
available for managing certain golf course turf diseases.

     
Monitoring Program  

Once suitable techniques are identified for a given system, integrate 
them into a practical regular monitoring program that will form the basis 
for decision making. The program will reflect the biology and 
seasonality of the pest or complex of pests. Some pests are continuously 
monitored throughout the season. Others are evaluated perhaps only 
once or twice a year. Intensity of monitoring is driven primarily by 
economic considerations and required accuracy.

     
Decision Making  
Decision making in IPM is information intensive, giving consideration often to 
economic, aesthetic, social, and legal factors. Although virtually a zero tolerance 
exists for cockroaches in restaurants, pests can be tolerated at some density in most 
situations. The goal in IPM is to manage pests below a density that allows 
unacceptable damage.
     
Economic Threshold  

The economic threshold (ET) is generally synonymous with the term 
"action threshold." Once a population reaches or is certain to reach this 
threshold level, control action is required. ET levels are determined for 
several insect, mite, and nematode pests of western Washington crops, 
including twospotted mites on strawberries and raspberries, flea beetles 
on potatoes, and corn earworm on corn grown for processing. Levels are 
useful as rough guidelines for deciding when to apply pesticides or other 
methods. The following chart illustrates this concept for mites in 
raspberries. 
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This chart summarizes 1990 mite and weevil populations in a field 
of Willamette raspberries in Whatcom County. Sampling began on 
4/12 and ended on 8/20. Mites escaped natural control in this field 
and began to increase rapidly in mid- to late June. The population, 
controlled rapidly, began to increase following a preharvest spray 
for weevils, which destroyed mite predators as well. A final mite 

spray in early August suppressed the population below the economic 
threshold of 25 mites/leaf. 

     
Experience  

Although the principles of IPM are universal in a geographic sense, pest 
dynamics are site specific. Decisions are often made based on the 
experience of pest managers and their clients, who are both familiar with 
local conditions. A historical perspective is important in evaluating 
action thresholds and potential disruptive effects of pesticide 
applications. 

     
Posttreatment Follow Up  
Continue monitoring to determine the effectiveness of the treatment and possible 
nontarget effects. Allow adequate time after treatment before evaluating control. For 
example, certain miticides are very fast acting and control can be measured within 3 
to 5 days. Other materials may take a week or two before effects can be accurately 
evaluated. Posttreatment monitoring may indicate the need for a second follow-up 
application, inadequate control due to several possible factors, or effective control 
with minimal immediate nontarget effects. Recordkeeping, the final step in the 
process, forms the basis for future pest management decisions.
     
Evaluation and Selection of Control Strategies  
Consider different strategies and tactics that are appropriate for the particular 
situation. The following section outlines different IPM methods or strategies and 
specific tactics. IPM programs employ a variety of tactics to achieve effective control 
in the least disruptive manner possible.
     

General IPM Strategies 
     
Strategies fit into 6 classes: cultural practices, biological control, physical control, 
narrow spectrum biorational, genetic, and pesticides.
     
Cultural Practices  
Cultural control refers to the adjustment of procedures to reduce pest abundance and 
minimize, or prevent pest damage. The environment is altered in such a way that it 
becomes less favorable for the pest. Strategies include site selection and preparation, 
sanitation, use of pest-free planting material and certified rootstock, crop rotation, 
trap cropping, mixed cropping, and timing of planting or harvest. Cultural tactics can 
be preventative as well as curative.
     
Site Selection and Preparation  

Choosing and preparing a site is a critical consideration when growing 
perennial crops such as strawberries or raspberries. To prevent damage 
from plant parasitic nematodes and soilborne disease organisms, monitor 
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these pests before planting to avoid planting into infested fields. Treat 
infested fields before planting or avoid them entirely if that is an option. 

     
Sanitation  

Sanitation reflects the food, water, and harborage in an environment. 
Modifying these components can prevent pest build up in many 
agricultural and urban settings. The principles of sanitation apply to the 
most common urban pests: rodents, birds, bats, cockroaches, filth flies, 
mosquitoes, termites, powderpost beetles, and stored product pests. 

It is equally important in managing plant diseases. For example, removal 
of cull piles of potatoes and potato volunteer plants is one of the most 
important steps in managing potato late blight. These sanitary measures 
can reduce carryover of the disease from one season to the next and help 
delay and reduce the frequency of fungicide applications.

     
Pest-free Planting Stock  

The Washington State Department of Agriculture Plant Services 
Division oversees certification programs on nursery plants grown for 
agricultural and ornamental use. These programs ensure that the buyer is 
receiving material that meets tolerances for certain important pests. 
Compromising by not using certified planting stock can result in chronic 
plant health problems and overuse of pesticides in an attempt to salvage 
the plantings. 

     
Crop Rotation  

Crop rotation is practical mainly with field crops. It suppresses soilborne 
pests of limited mobility and host range, such as certain soilborne 
diseases and nematodes. It is often necessary to rotate to a nonhost crop 
for several years to suppress certain diseases. Due to the recent limited 
availability of soil-applied pesticides, this tactic, commonly practiced in 
the prepesticide era, is coming into wider use now. 

Long-term crop rotation is a key in managing the fungus disease, club 
root, a serious pest of crucifers in western Washington. Rotate fields that 
have a history of disease out of susceptible crops for a minimum of 5 
years. Rotation, combined with application of lime to make the soil more 
alkaline, can help reduce disease severity.

     
Trap Cropping  

Trap crops are plant stands grown to lure pests from commercial fields 
or to enhance biological control by attracting natural enemies. Practical 
applications of trap cropping in modern agriculture have been very few. 
Only 11 pest species have been successfully controlled in four crop 
ecosystems using this tactic. The widest use is in cotton and soybeans. In 
forestry, this technique, combined with pheromones, is now used for 
managing bark beetles. Europeans used trap trees over 200 years ago to 
control the spruce bark beetle. Although trap cropping is not widely used 
now, many important agricultural pest species are likely candidates for 
this technique. 
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Timing of Planting or Harvest  
In situations where some flexibility exists regarding either planting or 
harvest timing, adjustments can greatly reduce damage from insects, 
disease or nematodes. Losses from bark beetles in pine are minimized if 
logging operations are completed during the fall or winter months when 
beetle activity is usually low. 

Damage from the fungus Rhizoctonia on potatoes can be reduced if 
growers delay planting until soil temperatures reach 45°F. In practice, 
this can present logistical problems to the grower who has a limited 
amount of time to plant a crop and a short growing season. If the crop is 
not planted by a certain date, it may not reach full maturity. Growers will 
often start planting as soon as physically possible, having little regard for 
disease implications. Delayed planting may be workable in some cases 
and impractical in others, but the managers need to consider this option. 

     
Maintain a Healthy Host  

Plants that are stressed are generally more susceptible to pest damage. 
Examples of this occur in agriculture and in lawn and turf management. 
Mowing height and frequency, fertilization amount and timing, irrigation 
scheduling, and thatch management can all affect turf pest problems. 

     
Habitat Manipulation  

Like all living organisms, pests have certain habitat requirements. By 
altering habitat, we can create conditions that are less favorable for the 
pest. This can be an effective method to prevent, suppress, or control 
pest populations. Management of deathwatch beetles provides a good 
example of this tactic. 

     
Deathwatch Beetles 

Wood infesting Anobiid beetles (deathwatch beetles) can cause 
extensive damage to wooden buildings in coastal areas of western 

Washington. Damage can be overlooked since beetles live in 
portions of the structure where people seldom see them such as 
crawl spaces. Infestations build to damaging levels over several 

years. They are most common in older homes with crawl spaces or 
damp basements. In Washington, these beetles attack hardwoods, 

softwoods, and plywood, causing an estimated seven to ten million 
dollars in damage per year in wood replacement and chemical 
treatment costs. Favorable conditions for development are high 

moisture, no ventilation, and poor drainage. Steps to reduce wood 
moisture include improved ventilation under the structure, use of 

vapor barriers in crawl spaces to contain soil moisture, and repair of 
gutters. Removal of wood scraps left on the ground during 

construction is also important because they may host beetle larvae 
that could subsequently infest the structure. 

     
Biological Control  

Biological control relies on natural enemies: parasites, predators, and pathogens to 
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reduce pest populations or damage to tolerable levels. When successful, biological 
control can provide a relatively permanent, harmonious, and economic solution. 
Biological control comprises three areas of activity; importing exotic natural enemies 
(classical biocontrol), increasing the number of natural enemies through mass release 
of laboratory-reared beneficials (augmentation), and maintaining numbers of natural 
enemies already present (conservation).
     
Classical Biocontrol  

Many serious pests have been introduced into this country without their 
natural enemies. Lacking natural controls, they reach pest status. 
Classical biocontrol attempts the introduction of imported natural 
enemies, usually done on a large geographical scale. Classical biocontrol 
efforts peaked in the decade 1930-1940; many successes occurred during 
that 10-year period. Biocontrol efforts dropped dramatically after the 
development of synthetic organic insecticides following World War II. 

In Washington, this technique has been most successful for controlling 
certain rangeland weeds.

     
Augmentation  

Augmentation refers to increasing the number of natural enemies at 
critical times, usually through mass release in a field or greenhouse. 
Although some successful augmentation programs occur in agriculture in 
other areas of the country, this strategy has not received much attention 
in agriculture in the Pacific Northwest. Release of natural enemies is 
common in greenhouses in Europe, and an ongoing program in vegetable 
producing greenhouses in the Fraser Valley, British Columbia, has been 
successful since 1979. 

     
Conservation  

Conservation of natural enemies is a key objective of applied IPM. 
Growers often discover a better natural enemy balance when they 
replace calendar-based pesticide applications with threshold-based 
applications. Other pesticide management tactics that conserve natural 
enemies are improved timing of application, reduced rates, and selection 
of more narrow-spectrum pesticides. Regular monitoring of both pest 
and beneficial populations is critical in determining ratios of predator to 
prey. Naturally occurring biological control can be subtle, often escaping 
even the keenest observer. In raspberries in Whatcom County, 
twospotted spider mites are often suppressed by a small beneficial beetle, 
Stethorus punctum, commonly called the mite destroyer. Even when this 
predator is suppressing a mite population, it can be difficult to detect 
with regular field monitoring. Conservation of natural enemies by 
reducing the use and frequency of disruptive pesticide applications is the 
most widespread form of biological control. Careful monitoring and 
proper selection and use of pesticides can greatly enhance naturally 
occurring biological control.

     
Physical  
People have employed physical methods for centuries to exclude and control pests. 
The most common household examples are window screening and the fly swatter. In 
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agriculture, growers have experimented with floating row covers to protect cole crops 
from adult root maggots on a commercial scale in Skagit Valley. This tactic has been 
successful for excluding this insect from the crop, but it impedes and complicates 
cultural practices such as weed control. It has been most appropriate in smaller 
noncommercial plantings. In British Columbia, growers are trying a specially 
designed barrier fence to exclude root maggot flies from commercial vegetable fields. 
Use of a variety of physical barriers is appropriate for excluding urban insect and 
vertebrate pests from buildings. Common methods for controlling weeds include 
hoeing, mowing, burning, and machine tillage. Mowing has replaced herbicide use 
for managing vegetation in roadside ditches as part of Whatcom County's integrated 
vegetation management program. Hand hoeing, though labor intensive, is still a 
regular practice in high value crops such as strawberries. Hoeing removes weeds that 
escape control by herbicides. Land managers have practiced burning for several years 
for general weed control in noncropped areas, such as railroad rights of way and 
irrigation canals. Growers use flaming in strawberry fields in western Washington. A 
postharvest, late season tactic, it suppresses weeds and insects, particularly aphids 
that are capable of vectoring virus. Additional benefits may be adult weevil control 
and reduction of twospotted mites. 

Greenhouse managers use heat and steam sterilization of soil to control soilborne 
insects, nematodes, and plant diseases.
     
Narrow Spectrum Biorational  
Narrow spectrum insecticides are generally nontoxic to vertebrates and nontarget 
insects. The most common examples are the microbial insecticides (bacteria, fungi, 
and viruses), insect growth regulators, and pheromones. They have been developed 
for only a limited range of pests and often are more expensive than broad spectrum 
pesticides.
     
Microbials  

Microbials are target specific compared with most conventional 
pesticides. This characteristic is advantageous in IPM. Greatest 
successes employ bacteria and viruses for insect control. Recently, 
entomopathogenic (insect-attacking) nematodes have joined the arsenal 
of microbial pesticides. Microbials are exempt from EPA tolerance 
levels and, therefore, can be applied even on the day of harvest. Due to 
their specificity, they can fit into pest management programs where a 
broad spectrum chemical might upset preexisting biocontrol of another 
pest. The most appropriate use may be as applications to soil where they 
are protected from dessication and ultraviolet effects. 

The bacteria, Bacillus thuringiensis (Bt.), is commonly used for 
leafroller control in raspberries in Washington and Oregon. Due to 
specificity for this pest, its use does not disrupt natural biological control 
of mites. It is particularly appropriate in situations where some foliar 
feeding damage can be tolerated. Rapid control usually is not necessary 
in raspberries. 

Entomopathogenic nematodes show potential for controlling a broad 
spectrum of soil insect pests without threat to groundwater 
contamination. This biological control agent is a possible alternative to 
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soil-applied chemical insecticides, which are more likely to threaten 
groundwater. Various species of this nematode are commercially 
available for controlling soil inhabiting insect pests in lawn and garden, 
turf, cranberries, and ornamental nursery and greenhouse markets. 
Entomopathogenic nematodes have been used commercially in 
cranberries for black vine weevil control in southwestern Washington 
since 1989. Field experiments in small fruit crops such as strawberries in 
western Washington have not shown adequate control to date. The major 
practical limitation of this tactic is that soil moisture requirements 
necessary for the nematode's survival are difficult to maintain in large 
scale field situations. 

     
Insect Growth Regulators  

Insect growth regulators (IGR) are chemicals that alter normal growth 
and development of insects. They are suitable for IPM because they are 
selective for insects and generally harmless to vertebrates, mollusks, and 
plants. They may not kill insects but can suppress populations by 
reducing reproduction. One type of IGR, hydroprene, has been effective 
for controlling German cockroaches. Materials like this may be most 
useful when managers combine initial treatments with insecticides. The 
insecticides control the adult stage, and the IGR cause the immature 
stages to become sterile adults. IGR use is sensible as a component of an 
integrated approach for cockroach control that includes insecticides, 
boric acid, sanitation, and physical exclusion.

     
Pheromones  

In nature, sex pheromones are chemicals released by the female to attract 
a mate. Their uses in pest management include insect population 
monitoring to aid in decision making, trapping out for direct control, and 
confusion or mating disruption to suppress populations.

     
Monitoring 

Pheromone trapping to monitor codling moth in tree fruits is the best 
example of this tool in commercial agriculture in Washington. It is a 
critical component of IPM in tree fruits. Trap catch data determines 
whether the insect is present, its population density, and seasonal 
development. The combination of trapping results and temperature data 
guides the pest manager in timing and adjusting rates of insecticide 
applications. This program is based on years of codling moth biology 
and management research. 

Trapping Out 

Pheromone traps have had some success in reducing insect populations, 
but this strategy is not cost effective on a large scale. "Removal 
trapping" has been effective for controlling low density gypsy moth 
populations on the periphery of the insect's range. Foresters have made 
significant efforts to manage bark beetles in commercial forestry by 
mass trapping. This tactic is appropriate only when combined with 
sanitation measures in selected forest areas that are sensitive to 

Page 13 of 21EB1786 Integrated Pest Management: Effective Options for Farmers

11/28/2005http://cru.cahe.wsu.edu/CEPublications/eb1786/eb1786.html



infestations. 

Mating Disruption 

The confusion or mating disruption technique draws considerable 
interest. Larger than natural amounts of synthetic pheromones are 
released into the environment to disrupt the orientation of male insects to 
their mates. If successful, the number of matings is reduced and the 
population is lowered. In the past several years, scientists have achieved 
commercially acceptable levels of control with this technique on several 
pests in the United States and elsewhere.

     
Genetic  
Genetic methods of pest control either alter the host plant to resist or tolerate a pest 
(host resistance) or manipulate the pest to lower its reproductive potential and 
survival (sterile male release).
     
Resistant Hosts  

Growers use resistant plants or cultivars (varieties) to manage many 
important plant diseases. For example, The PNW Plant Disease 
Handbook lists approximately 40 agricultural, nursery, and ornamental 
plants that are resistant to Verticillium wilt, and about the same number 
that are susceptible. Host resistance also can manage certain insect, mite, 
and nematode pests. 

Use of resistant hosts in pest management has several advantages. Plant 
resistance deals with key pest species and offers minimal environmental 
disruption. It provides longer term control than many methods and is 
compatible with normal production practices.

     
Sterile Male Release  

Researchers release laboratory-produced sterile males in great number 
into the management area. Females mate with these sterile males to 
produce sterile eggs. Sterility programs require specialized knowledge 
and often are implemented over a large area. If successful, long-term 
control can be achieved with minimal environmental impact. 
Researchers used this technique to control codling moth in the 
Similkameen Valley of British Columbia in the mid-1970s. It is being 
considered for controlling the same pest on a larger scale in that 
province. 

     
Pesticides  
Synthetic pesticides are still the mainstay in pest control. If used based on actual 
need, they should continue as a useful tool for many years, as an important part of 
IPM programs.
     
Advantages of Pesticides  

On average, pesticides are highly cost effective. In U.S. crop production, 
they return $3 to $4 for every $1 invested. When used properly, 
pesticides control target pests quickly and effectively. The broad 
spectrum activity of many pesticides often controls several potential pest 
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species with a single application. However, as pest resistance occurs and 
the role of beneficials and other factors becomes clear, we realize that 
the broad spectrum nature of many pesticides is not always desirable. 

     
Considerations When Using 
Pesticides     

Pesticides continue to be important in IPM. IPM stresses the 
consideration of less disruptive methods, but where pesticides are 
appropriate, they should be used on an as-needed rather than on a 
calendar basis. When using pesticides, select the most appropriate 
material based on several criteria. Include 

 

In addition to selecting the most appropriate material, make every effort 
to optimize timing of application and rate and method of application. 

1 potential for groundwater contamination
2 acute mammalian toxicity
3 efficacy
4 disruption of natural enemies
5 resistance management

     
Selection    

Pesticide Properties 

The potential for a pesticide to reach ground and surface water depends 
to a great extent on its properties. The most important properties to 
consider are persistence, adsorptivity, solubility, and volatilization. 

The chemical structure of a pesticide determines its persistence, which is 
usually reported as its half-life. This is the amount of time following 
application for half of the pesticide to break down. Avoid pesticides with 
a half-life greater than 3 weeks. These fall in the high category for 
leaching potential. 

Adsorptivity is the retention of pesticides by soils. It is 
determined by the chemical properties of the pesticide and 
soil properties, particularly organic matter content. A 
pesticide's adsorptivity is expressed by its adsorption 
coefficient, or K value. The higher the number, the greater 
its adsorptivity. Adsorption coefficients less than 500 are in 
the high category for leaching potential. 

The greater the solubility in water, the greater is the risk for 
leaching and chance for groundwater contamination, 
particularly in sandy soils. Pesticides with solubilities below 
30mg/L have relatively low potential for leaching. Those 
above 30 mg/L may have high leaching potential, depending 
on their persistence and adsorptivity.
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Volatilization occurs when a liquid turns into a gas. 
Volatilization of pesticides increases with higher air 
temperature and air movement, low relative humidity, and 
when spray droplets are small. Avoid applying pesticides 
when conditions favor volatilization. 

     
Acute Mammalian Toxicity  
Pesticides are classified into four categories based on their acute 
mammalian toxicity or LD50 values. The classifications are (I) most 
dangerous, (II) dangerous, (III) less dangerous, and (IV) least dangerous. 
These classes provide a useful index to relative acute toxicity of different 
pesticides. Select less toxic pesticides to minimize threats to the 
applicator and to other nontarget organisms.

     
Efficacy  
One of the most obvious considerations is efficacy, or effectiveness. 
Herbicide efficacy tables on specific weeds are available as a tool to help 
select the most appropriate herbicide. Efficacy can vary from one 
location to another and even from one year to the next in the same 
location. Local experience and good recordkeeping are essential in 
selecting pesticides based on their efficacy.

     
Disruption of Natural Enemies  
Where preservation of natural enemies is a factor, choose materials that 
are least damaging to natural enemies. Charts rate insecticides based on 
efficacy and toxicity to specific natural enemies. Charts are useful in 
crops that support a variety of pests and beneficials. A chart is available 
for apples in central Washington. In the absence of a chart, follow local 
experience to determine impacts of specific pesticides on beneficials. 
Where natural controls are significant, such as natural control of mites in 
raspberries, avoid broad spectrum pesticides that threaten mite predators 
unless no practical alternatives exist.

     
Resistance Management  
The widespread phenomenon of pest resistance to pesticides has forced 
us to consider this factor in the selection process. Manage resistance by 
alternating pesticides, avoiding sub-lethal doses of insecticides, reducing 
frequency and extent of treatments, and reducing use of materials that 
have prolonged environmental persistence.

     
Timing of Application  
By regularly monitoring pest and beneficial populations, growers can achieve the 
best timing and effectiveness of pesticide application. Better control means fewer 
applications and less opportunity for contamination of water. Growers can base 
timing on crop or host plant development, susceptible stage of pest, predator to prey 
ratios, environmental conditions, and established threshold levels.
     
Rate and Method of Application  
Some pesticide labels give a range of rates as well as methods of application that will 
provide control under a variety of circumstances. Rates are based on effective 
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averages. Exceeding recommended rates is illegal. In many cases, reduced rates and 
tailored methods of application can achieve adequate control. A goal of IPM is to 
reduce rates without compromising control. There are economic and environmental 
incentives for doing so. Reduced rates must be based on either university studies, 
supportive experience, or manufacturer's suggestions. Extension agents can keep 
pesticide users updated on this type of information. 

Regardless of the pest, choose a method of application based on distribution of the 
pest in its environment. For example, mites feed on the underside of strawberry 
leaves, and populations are usually highest on lower leaves just a few inches above 
the ground. To place miticides on the underside of foliage, arrange spray nozzles so 
that spray is directed upwards from below the canopy. 

Proper application will maximize effectiveness and minimize need for additional 
sprays. Rate and method of application can reduce the potential for a pesticide to 
reach either surface or groundwater.
     

IPM Implementation   
     
IPM development has advanced most in agriculture, largely because of the research 
structure that has been in place for years. Forestry also has practiced IPM principles 
for years. IPM development in turf, ornamentals, and vegetation management in 
urban settings has been more recent. Greenhouse systems lend themselves to IPM 
because it is easier to alter and control a contained environment. They are particularly 
suitable for augmentation (increase of natural enemies) as evidenced by the success 
of this technique for mite and whitefly control in vegetable greenhouse production in 
the Fraser Valley of British Columbia. 

Many IPM programs in agriculture were developed from Cooperative Extension 
Service demonstration projects in the late 1970s and early 1980s. Most were 
transferred to the private sector and delivered to users by consultants or grower and 
producer cooperatives. Individual growers often employ a full time pest management 
specialist. 
     
Independent Consultants  
Extension agents and farm supply dealers have historically advised farmers in pest 
control. That advice was typically based on calendar spraying or stage of plant 
growth. Intensive field monitoring is required in IPM. Extension is not designed to 
supply individual field advice, and farm supply dealers have generally provided 
materials rather than specialized advice based on intensive monitoring. 

Applying IPM techniques requires more labor to monitor and more specialized 
knowledge regarding pest biology. Consultants have become a major force in 
delivery of information to growers in many areas, including Washington State and 
British Columbia. At least six private consultants serve the tree fruit industry in the 
Yakima Valley, and at least two private consultants serve the fruit and forestry 
nursery industries in western Washington. Several pest management consultants in 
British Columbia serve agricultural and greenhouse operations, forestry, and urban 
systems. 
     
Producers  
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Ocean Spray Cranberry, Inc. is an excellent local example of a grower-owned 
cooperative that has embraced IPM and played a critical role in its implementation. 
Their first IPM program was developed in Wisconsin based on university research 
made available to growers in that state in 1984. IPM programs are also available now 
in Massachusetts and most recently in New Jersey and Washington State. The 
Washington program was based on a WSU pilot project undertaken in 1988 and 
1989, which was partially supported by the growers. The chief field scout in that 
university program was hired by Ocean Spray, thus transferring the program to the 
private sector. It has been available to growers in southwestern Washington since the 
1990 season on a voluntary basis.
     

Benefits of IPM   
     
When compared with conventional pest control, benefits of IPM can include greater 
net return, improved risk management, marketing advantages, and reduced 
environmental disruption.
     
Economics  

Greater net returns result from lower pesticide costs, when fewer 
applications are needed. Urban IPM projects targeting homeowner 
landscapes, grounds maintenance supervisors, and urban arborists have 
documented significant savings from reduced reliance on pesticides. 
Similar savings have been realized on golf courses. Improved timing and 
partial pesticide treatment have brought better control and reduced 
pesticide use. In greenhouse vegetable production in the Fraser Valley of 
British Columbia, growers have virtually replaced pesticides with 
biological control. 

In most cases, the savings are due to reduction of calendar-based 
pesticide applications. Regular monitoring allows the manager to base 
decisions on need rather than a predetermined schedule. Improved 
timing of application gives better control and, therefore, lengthens the 
interval between applications. Spot treatment rather than total area 
treatment also reduces pesticide use and cost.

     
Risk Reduction  

Contrary to perceptions, IPM is a risk reduction system. Results of 
monitoring often indicate need for treatment, which may not have been 
realized by managers who rely on scheduled treatments. In contrast to 
conventional pesticide-intensive programs, IPM is a knowledge- and 
labor-intensive program. As long as decision-making guidelines are 
established, implementing knowledge will reduce risk of pest damage. 

     
Marketing  

IPM also has been used to gain marketing advantage. In response to 
public concern for food safety, some grocers have used IPM as a 
marketing tool. Considering the public concern regarding pesticide 
residues on food, expect an increase in advertising IPM-grown products. 
Ocean Spray Cranberry, Inc. mentions its use of IPM in promotional 
literature. 
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Marketing advantages can go beyond the farm. A golf course developer 
in Vermont agreed to practice IPM to satisfy state environmental 
requirements. In this case, IPM implementation sold the community on 
the merits of golf course development over other development uses of 
the property. 

     
Environmental  

Reducing the amount of pesticide used and frequency of pesticide 
applications through IPM means less opportunity for pesticides to 
contaminate groundwater and the environment in general.

     
Examples of IPM in Western Washington   

     
Raspberries 

Growers are practicing IPM on a small percentage of raspberry 
farms in western Washington. Economic benefits of IPM use in 
Whatcom County have not been studied, but IPM practices have 

reduced pesticide use in many fields. This is due to the elimination 
of some pesticides, improved timing of application, and reduced 

frequency of application. Conservation of mite predators has 
enhanced naturally occurring biological control. 

IPM in raspberries includes preplant field selection to manage 
nematode and soil disease problems; pheromone trapping, weekly to 

biweekly systematic pest and beneficial insect monitoring, and 
diagnostic sampling to evaluate leaf nutrition, soil and root 

nematode populations, and root disease. 

Roadside Vegetation Management 

Whatcom County Department of Public Works received the 1991 
national award for excellence in county vegetation management. 
The department manages vegetation along county roadways and 
adjacent ditches. They have recently switched from a herbicide-

intensive program to" Integrated Vegetation Management," based on 
IPM principles. 

Specifically, in managing vegetation within ditches along roadways, 
the department has shifted from a dependence on broad spectrum 

herbicides to using a combination of mowing and species selection 
to maintain a desirable mix of vegetation in these areas. This 
approach allows adequate water flow but minimal erosion of 

ditchbanks. Another major benefit of vegetation-lined ditches is 
their ability to filter potential contaminants and, thus, minimize 

surface and groundwater contamination. 

Golf Course Turf 
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Pests that threaten golf course turf are being managed by some 
course superintendents through the integration of several tactics. The 

most important turf pests in this area are fusarium root disease, 
european crane fly, moles, and broadleaved weeds, particularly 

clovers. Managers have reduced pesticide use on courses as a result 
of monitoring, use of resistant varieties, and altering cultural 

practices, particularly irrigation scheduling. 

They select turf species based on tolerance to fusarium and 
suitability to local environmental conditions. Drought tolerance is an 
important trait for golf course turf. A plant that can remain healthy 

under drought conditions can also tolerate more damage from 
insects and disease. In addition to the use of tolerant varieties, 

managers control fusarium by fine-tuning irrigation scheduling and 
frequency, regular monitoring of highly susceptible areas, and use of 

preventative fungicide applications in the late fall and mid-winter 
based on air temperature. They monitor crane flies in the spring and 

use insecticides to spot-treat areas that exceed threshold levels. 
Managers can achieve adequate control using reduced rates and 

usually a single application. Weed control is primarily directed at 
clover, confining herbicide application to problem areas. Some 

courses manage moles exclusively by the use of traps rather than 
poisoning. 

     
Conclusion   

     
IPM does truly represent a balanced and sensible approach to pest management. It 
can provide benefits to both the producer or resource manager and to the public as a 
whole. The challenge to pest managers and resource managers is to examine current 
practices to see where improvements can be made. Consider the principles of IPM 
and the various strategies presented here to minimize dependence on pesticides and 
to select and use pesticides for optimal results and minimal environmental disruption. 
Groundwater is a precious resource; we all have an obligation to protect it. Once 
"broken" through pesticide contamination, it cannot simply be "fixed." Finally, the 
goal of this document has been to increase awareness of IPM and to stimulate the 
adoption of the IPM philosophy or approach to pest management.

 Abbreviations     
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EPA   U.S. Environmental Protection Agency
CWS   Community water system

IPM   Integrated Pest Management

NPS   National Pesticide Survey

IGR   Insect growth regulators

DBCP   Dibromochloropropane

DCPA   Restricted-use pesticide

EDB   Ethylene dibromide

By Geoff Menzies, M. P. M., Washington State University Cooperative Extension 
IPM Project Manager, Whatcom County; 

Craig B. MacConnell, M.S., WSU Cooperative Extension Agent and Chair, 
Whatcom County; and 

Dyvon Havens, M.S., WSU Cooperative Extension Agent, Skagit County. 
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Participant Evaluation 

 
Please answer the following questions and add any additional comments below each one: 
 
1.  How much of the information in this presentation was new?      

1           2           3           4          5 
None  Some      All 

 
 
2.  Could you explain the information that was presented to a friend or neighbor? 
  1           2           3           4          5 

Definitely not  Not sure Definitely so 
  
 
3.  Will this information help you as a volunteer? 
  1           2           3           4          5 
 Definitely not  Not sure Definitely so 
 
 
4.  How likely are you to use the information that you learned today during the next year? 
  1           2           3           4          5 
 Very unlikely  Not sure Very likely 
 
 
5.  How would you rate the presentation skills of the speaker? 
   1           2           3           4          5 
  Poor  Fair  Excellent  
 
 
6.  Did you complete any of the activities or assignments associated with this lesson?  
  ___ Yes (which ones? __________________________________________) 
  ___ No 
 
 
7.  If you answered yes, did the activities/assignments enhance your understanding of the topic? 
  1           2           3           4          5 

Definitely not  Not sure Definitely so 
 
 
8.  List three things that you learned from today’s presentation/activities: 

    1. ________________________________________________________________________ 

        ________________________________________________________________________ 

    2. ________________________________________________________________________ 

        ________________________________________________________________________ 

    3. ________________________________________________________________________ 

        ________________________________________________________________________ 
 
 
9. Was there any topic not covered that you were hoping to learn about? 
 
____________________________________________________________________________ 
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