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No stngle pest management option will provide complete control.

For profitable crop production, while exercising good stewardship of natural
resources, farm operators must employ a combination of management
practices. The most effective and economical control will be achieved by

usbing an lntegrated approach.
Growers need to balance practices for managing residue and controlling
weeds, diseases, and insects with economics and environmental impacts on

water consenvation, eroston control, ano aitr qumL’Ltg.
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Preface

Agricultural field burning is a topic of debate among growers of agricultural products and persons concerned
with the health effects of smoke produced from agricultural burning. This manual has been prepared for the
Washington State Department of Ecology, Air Quality Program to satisfy a provision of the Cereal Grain—Stubble
Burning—Settlement Agreement between Save Our Summers and the Washington State Department of Ecology.

This manual presents to growers the best available research-based information regarding reasonable
alternatives to burning for residue, weeds, diseases, and insects. The focus is primarily on cereal crops; however,
the discussion includes orchard situations. This information is offered to growers to assist them with developing
management plans that will help eliminate or reduce the need to burn, and to permitting authorities to help them
determine when burning is allowable.

Fact sheets describing alternatives to burning, and the effectiveness of burning, bring research-based
information from many different sources to a single document for access by farmers, range managers,
orchardists, permitting authorities, and others who wish to use the information. Content is intended to be
informative and educational. All sources are listed at the end of each fact sheet.

It is acknowledged, “One size does not fit all,” when describing strategies for managing production problems
for which burning has been applied in the past. It is recognized that no single pest management option will
provide complete control. For profitable crop production, while exercising good stewardship of natural resources,
farm operators must employ a combination of management practices. The most effective and economical control
will be achieved by using an integrated approach.

Before using fire as a tool, growers should consider other management practices and factor in economics
together with environmental impacts on water conservation, erosion control, and air quality, when making
decisions on which to use. When burning is necessary, it should be (1) a first step to a non-burn program, or (2) a
last option. Burning without a follow-up plan can easily lead to failure to control the problem, and create an
unnecessary risk to the environment and public health.

The topics addressed in this manual are the most likely reasons for
which agricultural burn permits are requested. This manual has been
prepared so that individual fact sheets or sections can “stand alone,” be

- x & removed from the binder, photocopied, and given to growers. This format
QQQ x & allows future updates to be inserted at minimal expense.
A\ &
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AQg Facts § stats

2002 Census of Agriculture
Washington State Profile

Operator Characteristics Quantity

Principal operators by primary occupation:
Farming 21,013
Other 14,926

Principal operators by sex:

Male 30,307
Female 5,632
Average age of principal operator (years) 55.4

All operators by race:

White 53,209
Black or African American 67
American Indian or Alaska Native 755
Native Hawaiian or Other Pacific Islander 50
Asian 493
More than one race 307
All operators of Spanish, Hispanic, or Latino Origin 1,821

Source: http://www.nass.usda.gov/
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Background

U.S. Environmental Protection Agency (EPA)

Clean Air Act, Title 1

Prescribed fire has long been a
useful management tool for
croplands, rangelands, and forests.
As concern for air quality
increases, however, it becomes
more important to ensure that
intentional or prescribed burning is
used responsibly.

EPA is working with the
agricultural community to devise
reasonable, science-based policies
that define the role of agricultural
burning in a way that allows
efficient agricultural production as
well as a healthy environment.

Pursuant to Title 1 of the Clean
Air Act, EPA has established
national ambient air quality
standards to limit levels of “criteria
pollutants,” including carbon
monoxide, lead, nitrogen dioxide,
particulate matter, ozone, and
sulfur dioxide.

EPA calls these pollutants
“criteria air pollutants” because the
agency has regulated them by first
developing health-based criteria
(science-based guidelines) as the
basis for setting permissible levels.
One set of limits protects health;
another set of limits is intended to
prevent environmental and property
damage.

Under Section 110 of the Clean
Air Act, each state must develop a
State Implementation Plan to
identify sources of air pollution and
to determine what reductions are
required to meet federal air quality

standards. A State Implementation
Plan is a detailed description of the
programs a state will use to carry
out its responsibilities under the
Clean Air Act.

Air Emissions from

Agricultural Practices

The degree to which ambient air
emissions from farming practices,
such as prescribed burning, are
allowed, are location-specific, that
is, specific to a geographic area,
within each State Implementation
Plan. Visibility standards may also
apply. Locations that are in areas
that have unacceptable levels of
one or more criteria air pollutants
are subject to more restrictions.

In 1998, EPA and the U.S.
Department of Agriculture’s
Agriculture Air Quality Task Force
entered into an agreement to work
together to provide a healthy
environment with clean air in
harmony with a strong agriculturally
productive nation. EPA is working
with the task force to refine the
distinction between wildland fires
and agricultural burning.

Prescribed Burning

Prescribed burning is a land
treatment, used under controlled
conditions, to accomplish natural
resource management objectives.
It is one of several land treatments,
used individually or in combination,
including chemical and mechanical
methods.

Prescribed fires are conducted
within the limits of a fire plan and
prescription that describes both the
acceptable range of weather,
moisture, fuel, and fire behavior
parameters, and the ignition
method to achieve the desired
effects. Prescribed fire is a cost-
effective and ecologically sound
tool for forest, range, and wetland
management. Its use reduces the
potential for destructive wildfires
and thus maintains long-term air
quality. Also, the practice removes
logging residues, controls insects
and disease, improves wildlife
habitat and forage production,
increases water yield, maintains
natural succession of plant
communities, and reduces the
need for pesticides.

Where There’s Fire,

There’s Smoke

The major air pollutant of
concern is the smoke produced.
Smoke from prescribed fires is a
complex mixture of carbon, tars,
liquids, and different gasses. This
open combustion source produces
particles of widely ranging size,
depending to some extent on the
rate of energy release of the fire.
The major pollutants from wildland
burning are particulate, carbon
monoxide, and volatile organics.
Nitrogen oxides are emitted at
rates of 1 to 4 g/kg burned,
depending on combustion
temperatures. Emissions of sulfur
oxides are negligible.

ALTERNATIVES to AGRICULTURAL BURNING (11/2004)

Background
Page 1



Particulates

Particulate matter is the term for
solid or liquid particles found in the
air. Some particles are large or
dark enough to be seen, such as
soot or smoke. Others are so small
they can be detected only with an
electron microscope.

Breathing particulate matter can
cause serious health problems.
Particulates also reduce visibility,
and they can also accelerate
corrosion of metals and damage
paints and building materials such
as concrete and limestone.

(\ §,

Sources of Particulates
“Coarse” particles are larger
than 2.5 micrometers and generally

come from sources such as
vehicles traveling on unpaved
roads, materials handling, crushing
and grinding operations such as
cement manufacturing, and
combustion sources.

Particles less than 2.5
micrometers (0.0004 inch) in
diameter are known as “fine”
particles. Fine particles result from
fuel combustion in motor vehicles,
power plants and industrial
facilities, residential fireplaces,
woodstoves, wildfires, and
prescribed forest burning. Fine
particles can also be formed when
combustion gases are chemically
transformed into particles.

Health Effects of

Particulates

Particulate matter less than 10
micrometers in size, including fine
particles less than 2.5 micrometers,
can penetrate deep into the lungs.
On a smoggy day, one can inhale
millions of particles in a single
breath.

In recent studies, exposure to
particulate pollution — either alone
or with other air pollutants — has
been linked with premature death,
difficult breathing, aggravated
asthma, increased hospital
admissions and emergency room
visits, and increased respiratory
symptoms in children. People most
at risk from exposure to fine
particulate matter are children, the
elderly, and people with chronic
respiratory problems.

Environmental Effects of

Particulates

Fine particles scatter and
absorb light, creating a haze that
limits our ability to see distant
objects. Particle plumes of smoke,
dust, and/or colored gases that are
released to the air can generally be
traced to local sources such as
industrial facilities or agricultural
burning.
Source:

http://www.epa.gov/agriculture/tburn
.html
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Washington State Department of Ecology

Agricultural Burning —

Background

Management of agricultural
burning is changing in the
Northwest and Washington State is
leading the way. This change is
part of a comprehensive revision of
the State’s air pollution law that
affects not just agriculture, but
many other commercial, individual
and governmental activities. The
Clean Air Washington Act of 1991
states that those who contribute to
air pollution will share the job of
protecting air quality.

Approximately 2,000 agricultural
fires are set each year in
Washington State to control weeds
and plant diseases, and to dispose
of debris. Some 250,000 acres of
fields, along with the collected
trimmings and cuttings of many
more acres, are burned annually.

An estimated 40,000 tons of
pollution comes from this type of
agricultural burning. This includes
particulate matter, carbon
monoxide, and volatile organic
compounds. These pollutants can
aggravate heart and lung disease;
irritate eyes, throat, and sinuses;
trigger headaches and allergies;
and increase the severity of pre-
existing health problems such as
asthma, emphysema, pneumonia
and bronchitis.

Agricultural Burning —
Definition

Agricultural burning is defined
as “the burning of vegetative debris
from agricultural operations
necessary for disease or pest
control, crop propagation, or crop
rotation, or where identified as a
best management practice.”

The Clean Air Act allows for
agricultural burning, excluding
grass grown for seed, when the
following conditions are met:

= |tis reasonably necessary to
carry out the enterprise.

= Proper weather and air quality
conditions exist.

= A permit designed to minimize
air pollution to the extent
practical has been obtained
from the air quality agency or a
delegated permitting authority.

Agricultural Burn Permits

Agricultural burn permits are
required to burn any open fields,
harvest debris, or orchard trees
being taken out of production.

Agricultural burn permits are not
required to burn orchard prunings,
natural vegetation along fencelines
or irrigation and drainage ditches,
and windblown tumbleweeds.

Prior to any burning, the grower
must call the toll-free agricultural
burn line, 1-800-406-5322, to find
out whether it is a burn or no-burn
day, based on smoke ventilation
forecasts.

Source:

Focus on Agricultural Burning, at:
http://www.ecy.wa.gov/pubs/981027aq
pdf

See also:
http://lwww .ecy.wa.gov/programs/air/
aginfo/agburnpermitpage.htm

Agricultural Burning
Practices and Research

Task Force

The Clean Air Act also
established the Agricultural Burning
Practices and Research Task
Force. Members represent the
farming community, conservation
districts, the state departments of
Agriculture and Ecology, local
clean air agencies, college or
university agricultural specialists,
and the public health or medical
community.

Best management practices
(BMPs) related to agricultural
burning and air quality were
adopted by the Task Force in 1996
and must be cited as a required
aspect of the agricultural burn
permit. The Task Force, with the
assistance of agricultural experts
and the agricultural community
revised the BMPs in the spring of
1999 with the goal of reducing
emissions from agricultural burning.

The Task Force also sets the
burn permit fee, identifies research
needs and recommends research
funding priorities to explore and
test economical and practical
alternative practices to agricultural
burning.

Source:

http://www.ecy.wa.gov/programs/air/
aginfo/Task_force.htm

See also:
http://www.ecy.wa.gov/programs/air/
aginfo/agricultural_homepage.htm
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Washington State Department of Ecoloqy’s

Four-Year Memorandum of Understanding Acreage Totals

1998 Year 1 Year 2 Year 3 Year 4 MOU %
Total Fall Spring Total Fall Spring Total Fall Spring Total Fall Spring Total Target | Change
Baseline | 1999 2000 | F1999- | 2000 2001 | F2000- | 2001 2002 | F2001- | 2002 2003 | F2002- | F2002- | Year4
S2000 S2001 S2002 S2003 | S2003
County Goal
28%
Adams 5840 | 2,523 894 3417 | 2,224 | 1,030 3254 | 1242 0 1242 | 1,406 300 1,706 4,205 1% | {
Asotin 3,255 615 0 615 0 0 0 0 0 0 0 0 0 2,344 100% |
Benton 1,026 913 0 913 15 0 15 0 0 0 0 0 0 739 100% |
Columbia 47,697 | 12,376 | 32,244 | 45,620 | 14,279 | 34,263 | 48,542 | 12,435 | 23,357 | 35,792 | 10,958 | 24,218 | 35176 | 34,342 26% | &
Douglas 6,142 | 2,569 942 3511 289 723 1,012 0 0 0 0 408 408 4,422 93% | |
Franklin 7,303 | 6,101 50 6,151 | 4,902 0 4902 | 3,705 0 3,705 | 3313 0 3313 5,258 55% | 4
Garfield 9,100 200 | 2,936 3,136 0| 8846 8,846 0| 5115 5,116 60 | 8,754 8,814 6,552 1% |
Grant 1511 | 3,672 335 4,007 | 1,791 740 2,531 | 1,801 200 2,001 | 3414 325 3,739 1,088 TBD
Lincoln 16,663 | 5,093 | 1,999 7,092 | 2422 | 1,925 4347 | 1,085 589 1,674 920 340 1,260 | 11,997 92% | |
WallaWalla 23,934 | 17,987 | 15481 | 33,468 | 16,620 | 20,081 | 36,701 | 16,534 | 14,170 | 30,704 | 15,939 | 10,303 | 26,242 | 17,232 8% | 1
Whitman | 107,366 | 40,611 | 18,019 | 58,630 | 34,844 | 40,723 | 66,902 | 18,816 | 10,206 | 29,022 | 22,464 | 8,608 | 32,100 | 77,304 70% | |
Overall 51% | 4

&
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Source: http://www.ecy.wa.gov/programs/air/pdfs/local_map.pdf
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Health Considerations

The average adult
breathes about 3,400
gallons of air a day.

Ground-level ozone and airborne particles are the two pollutants that pose the
greatest threat to human health in this country.

Ozone, also known as smog, can irritate your respiratory system, causing

coughing, irritation in your throat or a burning sensation in your airways. It can
reduce lung function, so that you may have feelings of chest tightness, wheezing, or shortness of breath. Ozone
can aggravate asthma and trigger asthma attacks.
People at greater risk from ground-level ozone are people with lung diseases, such as asthma, and children

and adults who are active outdoors.

Particle pollution, also known as particulate matter (PM), is composed of microscopic solids or liquid droplets
that are so small that they can get deep into the lungs and cause serious health problems. When exposed to
these small particles, people with heart or lung diseases and older adults are more at risk of hospital and
emergency room Visits or, in some cases, even death from heart or lung disease. These effects have been
associated with short-term exposures lasting 24 hours or less. Long-term exposures of a year or more have been
linked to the development of lung diseases, such as chronic bronchitis. Even if you are healthy, you may
experience temporary symptoms from exposure to elevated levels of particles. Symptoms may include: irritation
of the eyes, nose and throat; coughing; phlegm; chest tightness; and shortness of breath.

At greatest risk from particle pollution are people with heart or lung disease, older adults (possibly because
they may have undiagnosed heart or lung disease), and children.

Particles — Definition and

Sources

Particles in the air are a mixture
of solids and liquid droplets that
vary in size and are often referred
to as “particulate matter.” Some
particles — those less than 10
micrometers in diameter — pose the
greatest health concern because
they can pass through the nose
and throat and get deep into the
lungs. Ten micrometers in diameter
is just a fraction of the diameter of
a single human hair. Particles
larger than 10 micrometers do not
usually reach your lungs, but they
can irritate your eyes, nose and
throat.

Very small particles with
diameters less than 2.5
micrometers are called “fine

particles.” They are produced any
time fuels such as coal, oil, diesel
or wood are burned. Fine particles
come from fuel used in everything
from power plants to wood stoves
and motor vehicles (cars, trucks,
buses and marine engines). These
particles are also produced by
construction equipment, agricultural
burning and forest fires.

Health Effects of Particle

Pollution

Particles can aggravate heart
diseases such as congestive heart
failure and coronary artery disease.
If you have heart disease, particles
may cause you to experience chest
pain, palpitations, shortness of
breath and fatigue. Particles have

also been associated with cardiac
arrhythmias and heart attacks.

Particles can aggravate lung
diseases such as asthma and
bronchitis, causing increased
medication use and doctor visits. If
you have lung disease, and you are
exposed to particles, you may not
be able to breathe as deeply or
vigorously as normal. You may
have respiratory symptoms
including coughing, phlegm, chest
discomfort, wheezing and
shortness of breath.

You also may experience these
symptoms even if you are healthy,
although you are unlikely to
experience more serious effects.
Particles can also increase your
susceptibility to respiratory
infections.
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Health Effects of Smoke from fine particles. These bronchitis. Fine particles also can

Smoke is made up of a complex ~ Microscopic particles can get into aggravate chronic heart and lung
mixture of gases and fine particles your eyes and respiratory system, disease — and even are linked to
produced when wood and other where they can cause health premature deaths in people with
organic matter burn. The biggest problems such as burning eyes, these conditions.
health threat from smoke comes runny nose, and ilinesses such as

Smoke can irritate the eyes and airways, causing coughing, a scratchy throat, irritated sinuses,
headaches, stinging eyes or a runny nose. If you have heart or lung disease, smoke might make your
symptoms worse.

People with heart disease might experience chest pain, palpitations, shortness of breath, or fatigue.
People with lung disease may not be able to breathe as deeply or as vigorously as usual, and they may
experience symptoms such as coughing, phlegm, chest discomfort, wheezing and shortness of breath.

When smoke levels are high enough, even healthy people may experience some of these symptoms.

If you have heart or lung Older adults are more likely to Children also are more
disease, such as congestive heart be affected by smoke, possibly susceptible to smoke for several
failure, angina, chronic obstructive because they are more likely to reasons: their respiratory systems
pulmonary disease, emphysema or  have heart or lung diseases than are still developing; they breathe
asthma, you may experience health  younger people. more air (and air pollution) per
effects earlier and at lower smoke pound of body weight than adults;
levels than healthy people. and they are more likely to be

active outdoors.

For air quality data and information where you live, log on to:
https://fortress.wa.gov/ecy/aqp/Public/agn.shtml Click on Data by County.
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Air Quality Index (AQI)
The AQI is an index for reporting daily air quality. It tells you how clean or polluted your air is, and what
associated health effects might be a concern for you. The AQI focuses on health effects you may experience
within a few hours or days after breathing polluted air. EPA calculates the AQI for five major air pollutants
regulated by the Clean Air Act: ground-level ozone, particle pollution (also known as particulate matter), carbon
monoxide, sulfur dioxide, and nitrogen dioxide. For each of these pollutants, EPA has established national air
quality standards to protect public health.
The AQI is a scale that runs from 0 to 500. The higher the AQI value, the greater the level of air pollution, and
the greater the health concern. The Air Quality Index is divided into six categories. Each category corresponds to
a different level of health concern.

Good — The AQI value is between 0 and 50. Air
quality is considered satisfactory, and air pollution
poses little or no risk.

Moderate — The AQI value is between 51 and 100.
Air quality is acceptable; however, for some
pollutants there may be a moderate health concern
for a very small number of people.

Unhealthy for Sensitive Groups — The AQI value
is between 101 and 150. Members of sensitive
groups may experience health effects. This means
they are likely to be affected at lower levels than the
general public. The general public is not likely to be
affected at this level.

Unhealthy — The AQI value is between151 and
200. Everyone may begin to experience health
effects. Members of sensitive groups may
experience more serious health effects.

Very Unhealthy — The AQI value is between 201
and 300. This level triggers a health alert, meaning
everyone may experience more serious health
effects.

Hazardous — The AQI value is over 300. This level
triggers health warnings of emergency conditions.
The entire population is more likely to be affected.

Statements for the Air Quality Index (AQI in pg/m?®) for PMa .5 (24 hour average)

Health Category | Visual Range | Smoke Odor Health Effects Protective Actions
Good 10 milesand up | None None None
AQI 0-50
Moderate 6 to 10 miles Perceptible None None
AQI 51-100 Unusually sensitive people
should limit prolonged exertion.
Unhealthy for 3to 5 miles Easy to smell Increasing likelihood of respiratory People with respiratory or heart
Sensitive Groups Easy to see symptoms in sensitive individuals, disease, the elderly and children
AQI 101-150 smoke aggravation of heart or lung disease and should limit prolonged exertion.
premature mortality in persons with
cardiopulmonary disease and the elderly.
Unhealthy 1.5t0 2.5 miles Strong smell Increased aggravation of heart or lung People with respiratory or heart
AQI 151-200 Impaired visibility disease and premature mortality in disease, the elderly and children
persons with cardiopulmonary disease and | should avoid prolonged exertion;
the elderly; increased respiratory effectsin | everyone else should limit
general population. prolonged exertion.
Very Unhealthy 1 mile Very strong smell | Significant aggravation of heart or lung People with respiratory or heart
AQI 201-300 Seriously disease and premature mortality in disease, the elderly and children
impaired visibility persons with cardiopulmonary disease and | should avoid any outdoor
the elderly; significant increase in activity; everyone else should
respiratory effects in general population. avoid prolonged exertion.
Hazardous Less than 1 mile | Extremely strong, | Serious aggravation of heart or lung Everyone should avoid any
AQI 301 to 500 Severely acrid smell disease and premature mortality in outdoor exertion; people with
impaired visibility persons with cardiopulmonary disease and | respiratory or heart disease, the
the elderly; serious risk of respiratory elderly and children should
effects in general population. remain indoors.
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Additional protective actions:

Protect yourself from smoke pollution by using general visibility guidelines.

Sensitive individuals should pay attention to symptoms even at the Moderate level. If symptoms are
experienced, exposure to smoke should be reduced. Sensitive individuals who experience symptoms at the
Unhealthy for Sensitive Groups level should contact their health providers. Asthma patients should follow their
asthma management plans.

Additional protective actions may include:

[u}

o

[u}

o

Keep doors and windows closed and large gaps sealed.

Use ceiling fans and the recycle or re-circulate mode on the air conditioner in home or car.
Avoid indoor sources of pollution, such as tobacco smoke, wood heat, paint solvents and adhesives.
Avoid using anything that burns, such as wood fireplaces, gas logs, gas stoves, even candles.
Do not smoke.

Do not vacuum — that stirs up particles already inside your home.

Do not fry or broil foods.

Consume perishable groceries that do not require cooking.

Keep a 5-day supply of medications available.

Stay in a “clean room” equipped with an air purifier.

Leave the affected area.

Is what you see air pollution or meteorological conditions?
Interpreting what you see.

1. Isitaclear day? On clear days the features on the horizon appear crisp. These days have low
pollution levels and low relative humidity.

2. lIs it a hazy day? Haze is relatively uniform at the horizon but tends to diminish slightly at higher
elevations. Haze often occurs on hot, humid summer days with medium or high levels of fine
particles, ozone, and sometimes black carbon. Relative humidity tends to be medium to high.

3. lIsitabrown cloud day? A brown cloud appears to envelop the scene but quickly thins out at higher
elevation. Brown clouds tend to occur on calm winter mornings during rush hour traffic. Particle and
black carbon levels are usually high; ozone will be low and relative humidity may vary.

4. Isitafoggy day? If the relative humidity is close to 100% and there has been precipitation in the
past hour or 24 hours, then you are probably looking at fog. Fog tends to be gray while haze is
generally white. It is most common in fall and spring. Ozone levels will be low; fine particles and black
carbon could be low, medium or high. Fog is a natural condition.

Sources: Guideline For Reporting of Daily Air Quality — Air Quality Index (AQI), EPA-454/R-99-010, July 1999, U.S.
Environmental Protection Agency, Office of Air Quality Planning and Standards, online at:
http://www.epa.gov/ttn/oarpg/tl/memoranda/rg701.pdf

See also:
http://www.deq.state.or.us/agq/burning/wildfires/wildfire-health.htm
http://www.deq.state.or.us/ag/Factsheets/03-ER-003-Wildfires2003.pdf
http://www.epa.gov/airnow/aqi.html
http://www.epa.gov/airnow/health.html
http://www.epa.gov/airnow/publications.html
http://www.epa.gov/airnow/smoke2/smoke2.html#3
http://www.epa.gov/airnow/smoke2/smokecover.html
http://www.oregondeq.com/aq
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SECTION 1 — Background & Health Considerations

U.S. Environmental Protection Agency (EPA)
Clean Air Act, Title 1
Air Emissions from Agricultural Practices
Prescribed Burning
Where There’s Fire, There'’s Smoke
Particulates
Sources of Particulates
Health Effects of Particulates
Environmental Effects of Particulates

Washington State Department of Ecology
Agricultural Burning — Background
Agricultural Burning — Definition
Agricultural Burn Permits
Agricultural Burning Practices and Research Task Force

Health Considerations
Particles — Definition and Sources
Health Effects of Particle Pollution
Health Effects of Smoke
Air Quality Index (AQI)
Statements for the Air Quality Index for PM, 5
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Health Studies and Websites

Pullman Health Study, conducted by Dr. Sally Liu.

The Pullman Health Study was research conducted as part of the Save Our Summers (SOS) and Washington
State Department of Ecology Settlement. The study looked at the effects agricultural field burning smoke on a
select group of people living in Pullman. The subjects in the study were all medically diagnosed by physicians as
mild to moderate asthmatics. The public presentation can be viewed at:
http://www.ecy.wa.gov/programs/air/pdfs/Town_Meetings_final.pdf

Assessment of Farmers’ Exposure to Smoke from Agricultural Burning (Farmers’ Exposure Study),
conducted by Dr. Sally Liu.

The study was conducted in Columbia County in the fall of 2003 on the effects of smoke on farmers who are
actually doing the burning. The presentation of the Farmers’ Exposure Study can be viewed at:
http:/iwww.ecy.wa.gov/programs/air/pdfs/Farmers-taskforce2.pdf

NOTES
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Tillage Type Definitions

Conservation Residue Management (CRM)
Conservation residue management is a year-round system beginning with the selection of crops that produce
sufficient quantities of residue, and may include the use of cover crops after low residue-producing crops.
Conservation residue management includes all field operations that affect residue amounts, orientation and
distribution throughout the period requiring protection.
Site-specific residue cover amounts needed are usually expressed in percentage but may also be in pounds.
Conservation residue management is an “umbrella” term for several tillage systems, including direct-seeding
(no-till), ridge-till, mulch-till, and reduced-till.

Conservation Tillage Types
Any tillage and planting system that covers 30% or more of the soil surface with crop residue, after planting, to

reduce soil erosion by water.

Where soil erosion by wind is the primary concern, any system that maintains at least 1000 Ibs/acre of flat,
small grain residue equivalent on the surface throughout the critical wind erosion period.

Direct-seeding*

The soil is left undisturbed year
round except for strips up to 1/3 of
the row width during the planting
process. Strips may involve only
residue disturbance or may include
soil disturbance.

Planting or drilling is
accomplished using disk
openers, coulters, row cleaners,
in-row chisels or roto-tillers.
Weed control is accomplished
primarily with herbicides.

(*Direct-seeding, aka, no-till, strip-
till, zero-till, row-till, slot-till, slot-
planting)

Ridge-till

The soil is left undisturbed from
harvest to planting except for

strips up to 1/3 of the row width.

Planting is completed on the
ridge and usually involves the
removal of the top of the ridge.
Planting is accomplished with
sweeps, disk openers, coulters,
or row cleaners.

Residue is left on the surface
between ridges.

Weed control is accomplished
with herbicides (frequently
banded) and/or cultivation.
Entire soil surface is disturbed
when ridges are re-built during
row cultivation.

Mulch-till

Full-width tillage involving one
or more tillage trips which
disturbs the entire soil surface,
and is performed prior to and/or
during planting.

Tillage tools such as chisels,
field cultivators, disks, sweeps
or blades are used.

Weed control is accomplished
with herbicides and/or
cultivation.

Reduced-till (15-30% residue)

Full-width tillage involving one
or more tillage trips which
disturbs the entire soil surface,
and is performed prior to and/or
during planting.

There is 15-30% residue cover
after planting, or 500 to 1000
Ibs/acre of small grain residue
equivalent throughout the critical
wind erosion period.

Weed control is accomplished
with herbicides and/or row
cultivation.
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Other Tillage Types

Conventional-till or intensive-till Stale seedbed

(less than 15% residue) Stale seedbed is not an official

= Full-width tillage which disturbs category. The residue level after
the entire soil surface, and is planting dictates the tillage
performed prior to and/or during  category (mulch-till, reduced-till, or
planting. Generally involves intensive-till).
plowing or intensive (numerous) = Fields are tilled full-width soon
tillage trips. after harvest. The seedbed

= There is less than 15% residue “settles” until planting is
cover after planting, or less than performed in the undisturbed
500 Ibs/acre of small grain (settled) seedbed or in re-
residue equivalent through the formed beds (minimum
critical wind erosion period. disturbance).

= Weed control is accomplished = Weeds and/or cover crops are
with herbicides and/or row controlled with herbicides and/or
cultivation. row cultivation.

Sources and suggested reading

Conservation Technology Information Center, online at:
http://www.ctic.purdue.edu/Core4/CT/Definitions.html (Website last updated 11/11/02)

Pacific Northwest Conservation Tillage Handbook, Chapter 2, No. 23, May 1999, online at:
http://pnwsteep.wsu.edu [Definitions may vary.]
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Direct-Seed Definitions

The problem with definitions is there are lots of “gray areas” when it comes to fitting the wide range of
equipment options and final field condition into a few definitions.

The term “direct-seeding” has evolved to more effectively describe the planting process and the end results.
The goals are to achieve long term benefits in erosion control, soil quality, water conservation, air quality, energy

and production efficiency.

All direct-seed systems have the following in common:
= There is no traditional “full-width” tillage for seedbed preparations with field cultivators, or other secondary

tillage implements prior to planting.
= The level of soil disturbance should be categorized as either high- or low-disturbance.
= Fertilizing and seeding systems should be categorized as one-pass or two-pass.

Direct-Seed Systems

Low-disturbance

Narrow knives, single disks or
double disks (standard or offset
with one leading edge) only disturb
a narrow strip of soil between
openers, retaining nearly all the
residue on the surface. This is
equivalent to no-till, zero-till or slot-
till definitions.

High-disturbance

Hoe or sweep openers disturb
more of the soil between openers,
though usually not full-width, and
still retain much of the residue on
top. With some flatter sweep
blades, the surface soil and residue
disturbance can be minimal even
though much of the surface layer is
undercut with the opener.

One-pass system
Direct-fertilizing and seeding are

done in one operation. There are

no other tillage operations for
seedbed preparation before
seeding.

The one-pass system [may
reduce the incidence of] root
diseases in higher root disease
situations (as may occur with
planting cereals after cereals)
because:

1. The one-pass system has more
precise positioning of the deep
band fertilizer in relation to the
seed row.

2. The one-pass system may have
soil disturbance from the
fertilizer opener below the seed
row

Two-pass system

Direct-fertilizing and direct-
seeding are done in two separate
operations.

There are no other tillage
operations for seedbed preparation
before seeding. There are a
number of “direct-shank” fertilizer
applicators for fertilizing without
prior tillage (some can be very low-
disturbance).

In some lower and intermediate
rainfall areas, direct-fertilizer
application in the fall before direct-
seeding spring crops can help
improve nitrogen availability to the
crop in our dry PNW spring and
summer environment.

Examples of descriptive categories

to help understand your direct-seed

system:

= One-pass, high-disturbance
direct-seed system,

= Two-pass, low-disturbance, fall
direct-fertilize, spring direct-
seed system.
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Hybrid Till / Direct-Seed System

In higher rainfall, annual
cropping regions, where heavier
residue levels, wet cold spring
conditions present production
challenges, a combination of
mulch-till in the fall and direct-
seeding of spring crops without
spring tillage can help growers
transition into lower disturbance,

direct-seed systems for spring
crops.

As new crop rotations and
residue management technologies
become available to deal with
heavy crop residue, growers can

Benefits of the “hybrid” system
include retention of significant
residue for erosion control and
water conservation, and reduced
soil compaction from spring tillage
operations on wet soils.

begin to phase out the fall tillage
component and move into
continuous direct-seed systems.

Direct-Seeding — on a Field Basis, on a Farm Basis

On afield basis

Continuous direct-seeding is the

only way to reap the benefits of full
soil improvement from direct-
seeding.

Using intensive tillage at any
time in the rotation cycle disrupts
the soil improvements that take
time to build and become visible.

From a practical standpoint,
however, if you don’t have the
equipment, options for crop
diversity and residue management,
etc., needed for continuous direct-
seeding, using mulch-tillage
intermittently with direct-seeding in
your rotation is better than
continuous mulch-till or more
intensive tillage.

On a farm basis .

Researchers encourage farmers
to transition to continuous direct-
seeding on a gradual basis by
starting with a few fields and
increasing the acreage as
knowledge and confidence grows.

Time is required to develop
management systems that are best
adapted to your farming conditions. =
Learn what works and doesn’t work
on your fields.
= Keep some of your fields under

your generally reliable

tillage/rotation system where

you know your level of risk. =
= Direct-seed some of your field

where you feel it will work in the

rotation, but still have the option

of mulch-till where needed in the

rotation.

In the crop/fallow region, use
“flex-cropping,” or re-cropping
part of your winter wheat
stubble acreage in the spring by
direct-seeding spring crops
when there is adequate soll
moisture and markets, and
weed levels permit, but fallowing
if spring planting is not feasible.
Direct-seed winter wheat
following spring crops on part of
your farm when there are early
fall rains, and other economic
and agronomic factors are
favorable.

Put some of your field in
continuous direct-seeding using
more diverse and intensive
rotations — where you have the
potential for the greatest long
term gains while being at a
higher level of risk early on the
learning curve. Fortunately, your
risk level will continue to decline
with experience.

spring crop in a timely manner.

In Washington’s Columbia County, growers beginning to use direct-seed systems found, through their
own on-farm research, that burning heavy crop residue allowed more annual and spring planting with
direct seeding, and that soil erosion was no greater than from fields treated with approved and
recognized best management practices for control of soil erosion. The stubble on the fields was left
standing over winter and then burned in the spring before planting. While burning is not considered
the long-term solution to deal with heavy residue, at times it may be the only practice to allow planting a
Retooling Agriculture, PNW553, p.21
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Effects of Tillage

Tillage increases soil oxygen levels and soil temperatures. These conditions stimulate intense microbial
decomposition of soil organic matter. The process of decomposition causes soil carbon to be released as carbon
dioxide.

With intensive tillage, soil organic matter is biologically decomposed faster than it can be built through the
incorporation of the crop residues.

Organic matter directly affects soil productivity and quality, such as soil fertility, water-holding capacity and
infiltration, aggregation and structure, erodibility, biological activity, and other properties. Continuous direct-
seeding systems offer the greatest potential for increasing soil organic matter content over time (now commonly
referred to as “carbon sequestration” as it relates to global warming). The take-home message is: the less
severely and the less frequently the soil is disturbed, the greater the potential for carbon to accumulate
(as opposed to being released as carbon dioxide).

Tillage, especially full-width tillage, breaks the continuity of soil pores and eliminates or greatly reduces their
effectiveness. Continuous direct-seeding retains a higher proportion of larger soil pore spaces for water and air
movement created by undisturbed root channels, earthworm holes and other soil fauna. Improved soil structure
helps decrease water runoff and evaporation, and increases water storage for crop use.

Sources and suggested reading

Conservation Technology Information Center, online at:
http://iwww.ctic.purdue.edu/Core4/CT/Definitions.html

Farming with the Wind. 1998. Washington State University CAHE publication MISC0208.

Pacific Northwest Conservation Tillage Handbook, Chapter 2, No. 23, May 1999, online at:
http://pnwsteep.wsu.edu

Retooling Agriculture. 2001. Pacific Northwest Extension publication PNW553.

Bl
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Conservation for Agriculture’'s Future

1990-2002

Conservation Tillage Trends
(Millions of Planted Cropland Acres)

Tillage System 1990 1992 1994 1996 1998 2000 2002

No-Till/Strip-Till* 169 | 281 | 389 | 429 | 478 | 522 | 553
6.0%) | (9.9%) | (13.7%) | (14.8%) | (16.3%) | (17.6%) | (19.6%)

Ridge-till* 3.0 3.4 3.6 3.4 3.5 3.3 2.8
1.1%) | @.2%) | (1.3%) | 1.2%) | (1.2%) | (1.1%) | (1.0%)

Mulch-till* 533 | 573 | 56.8 | 575 | 579 | 535 | 450
(19.0%) | (20.2%) | (20.0%) | (19.8%) | (19.7%) | (18.0%) | (16.0%)

Conservation Tillage | 73.2 88.7 99.3 103.8 109.2 109.1 103.1

Subtotal (26.1%) | (31.4%) | (35.0%) | (35.8%) | (37.2%) | (36.7%) | (36.6%)
Reduced-till 710 | 734 | 732 | 748 | 781 | 613 | 641
(15-30% cover) (25.3%) | (25.9%) | (25.8%) | (25.8%) | (26.2) | (20.6%) | (22.8%)
Intensive-till 136.7 | 1208 | 1114 | 1116 | 106.1 | 127.1 | 1143
(<15% cover) 48.7%) | (42.7%) | (39.3%) | (38.5%) | (36.2) | (42.7%) | (40.6%)
All Planted Acres 281.0 | 2829 | 283.9 | 290.2 | 293.4 | 2975 | 281.4

*No-till, Strip-till, Ridge-till, and Mulch-till are all considered forms of Conservation Tillage.

Source: CTIC National Crop Residue Management Survey, 2002

Source: http://www.ctic.purdue.edu/Core4/CT/CTSurvey/NationalData.html
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Conservation for Agriculture’'s Future

Crop Residue Management

CTIC West 2002
Conservation Tillage Other Tillage Practices

Total Planted Conservation Reduced-Tilll Conventional

Acres No-Till Ridge-Till Mulch-Tilll ~ Tillage Total (15-30% Till (0-15%)

Residue) Residue)

Corn (FS) 2,848,737 234,393 24,680, 580,726 839,799 744,895 1,264,043

Small Grain (SpSg) 10,459,214) 1,536,712 0 2,482,735 4,019,447 3,132,535 3,307,232

Small Grain (FISg) 9,505,385 973,287 0 2,341,829 3,315,116 3,177,532 3,012,737

Soybeans (FS) 12,852 35 0f 6,175 6,210) 6,228 414

Soybeans (DC) 226 0] 0] 0 0) 0] 226

Cotton 1,571,831 3,400 14,000 22,082, 39,482, 26,598} 1,505,751

Grain Sorghum (FS) 636,277 65,516} 26,200} 143,637 235,353 195,271 205,653

Forage Crops 1,739,757, 135,229 N/A 161,260 296,489 468,686 974,582

Other Crops 6,466,229 202,273 11,730 895,392 1,109,395 1,285,774 4,071,060

TOTAL 33,240,508' 3,150,845 76,610] 6,633,836| 9,861,291| 9,037,519 14,341,698

Permanent Pasture 2,505,680 1,610,557 N/A 35,022 1,645,579 300,233 559,868

Fallow 7,861,120 1,226,049 N/A 1,781,655 3,007,704} 2,571,356 2,282,060

Conservation Reserve Program (CRP) Acres

9,353,385
FS - Full Season SpSg - Spring Seeded Small Grain
DC - Double Cropped FISg - Fall Seeded Small Grain

Note 1: Data was collected in cooperation with USDA Natural Resources Conservation Service and Local Conservation Partnership

Note 2: CTIC has taken all reasonable action to ensure the quality of the data, however there is no guarantee implied in the accuracy of the data
at the county level.

Source:

http://Iwww.ctic.purdue.edu/cgi-bin/CRMMap.exe?Year=2002&Image=US_Crop4&Output=Acres&Version=8&Button=Regional+
Summary&Method=Form&Previous=West&Backto=US&From=3
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(Y Note:This graphic appropriate for wheat or smalf grains cropping regions)

NO-TILL PLANTING PROCESS
The stems, stalks and leaves
from a newly harvested crop are left in the field. Some No-till
Benefits:
* Protects the soil

from erosion by
wind and rain

» Reduces water
runoft from the
field during rains

» Conserves water

+ Adds organic
matter to the soil

* Reduces labor,
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Instead of disturbing (plowing or tiling)
the whole field, seeds are planted in very small grooves or
strips. This keeps most of the old stems, stalks, and leaves
(crop residue) intact on the soil surface to protect the soil
while new planis are growing.

Source: Graphic from USDA NRCS website
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Managing Crop Residue

Wider combine header widths and the higher residue production of some new wheat varieties
introduced since 1950, have the potential to more than double residue amounts in combine straw and
chaff rows. Advances in pest and fertilizer management — amount, timing, and placement — have also
contributed to increased volume of crop residue at harvest.

Crop Residue as Cover

Leaving last year’s crop residue on the soil surface before and during planting operations provides cover for
the soil at a critical time of the year. The residue is left on the surface by reducing tillage operations and turning
the soil less (most tillage passes bury more residue). (If residue is buried with moldboard plow, then chisel-type
tillage can actually bring residue to the surface.) Pieces of crop residue shield soil particles from rain and wind
until plants can produce a protective canopy.

Between harvesting and planting operations, a large portion of residue cover may be lost from over-wintering,
or from burial by tillage equipment. Because over-wintering losses are nearly impossible to control, crop residue
management strategies typically concentrate on limiting tillage practices to maintain high levels of

surface cover.

Tillage and equipment
considerations

Tillage is the principal
manipulator of residue. Almost any
field operation, including seeding,
will result in some residue
incorporation.

The primary tillage operation
can often result in the most
significant reduction in surface
residue, and selection of
implements must be made to
achieve the final residue level
desired.

Inversion tillage implements,
such as the moldboard plow and
heavy disk, cause the most severe
residue incorporation. However,
with careful adjustment and use,
they still can have application to
conservation tillage systems.

“Plowing uphill,” that is, turning
the plow furrow uphill, is the only
tillage operation that moves soil
upslope. In the Pacific Northwest,
topsoil depth on ridgetops and
upper slopes has been significantly

reduced over the years from
erosion resulting from downbhill
plowing and other similar tillage
operations.

Use straight points and sweeps
on chisel plows instead of twisted
points. Twisted points can bury
20% more residue.

Set tillage tools to work at
shallower levels; and reduce speed
of operation.

Some farmers have opted to
buy specialized commercial
equipment for conservation tillage;
others have chosen to make shop
modifications of their present
equipment. An increasing number
of types and brands of subsoiling
and surface pitting implements are
on the market.

Clipping and baling

Some of the excess residue
produced on bottomland areas,
where the potential for soil erosion
is low, could be clipped and baled.
Combine residue-spreading
attachments could be disengaged

or removed so the straw and chaff
rows are concentrated behind the
combine for easier baling.

Burning
Burning has been used as a

quick residue removal tool. Long-
term, repeated field burning along
with tillage has been shown to be
detrimental to soil productivity.

However, burning might be a
limited tool to manage excess
residue and associated pest or
production problems. Care must be
taken to balance the burning of
upland areas with tillage where
water is more limiting to production,
where erosion potential is higher
and organic matter
has been depleted
through previous
management, thus ‘\N
reducing soil
productivity.

Increased public concern and
compliance with air quality
regulations also must be
considered.
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A Burning Issue
= Burning wheat residue results in a loss of nearly all the nitrogen and approximately half of the
sulfur and phosphorus present in the residue.
= Research shows that standing wheat stubble helps store 76% of over-wintering precipitation
compared to 57% when the stubble is burned in the fall.

= Generally, every inch of water stored produces from 5 to 7 bushels of grain per acre.
PNWSTEEP, Ch 3, No 1, 1984

Distributing Combine Residue

Crop residue management begins at harvest with proper distribution of residue behind the combine.
Crop residue management continues with subsequent residue cover measurements after fall or spring tillage
operations, and finishes with measurements after planting to ensure that desired levels of residue are achieved.

Wider combine headers (greater than 25 feet) and =
high residue production with current crop varieties are two
reasons a well adjusted combine is critical to high-residue
farming. Without special attachments or modifications,
combine headers of 20-30 feet or more are not
adequately equipped to uniformly spread today’s larger
volumes of residues.

Problems with high concentrations of straw and chaff behind the combine

A common mistake made in the harvesting operation is to allow crop residue to accumulate in windrows
behind the combine. This accumulation causes uneven soil conditions across the field with the soil under the
windrows staying wetter and cooler. Planting into windrows can result in uneven stands because the seeds take
longer to germinate and grow, resulting in significant yield reductions.

Other problems associated with improper combine residue distribution include:

1. Poor drill performance = |ncreased disease inoculum C/N Ratio
* Plugging carry-over with slower A carbon/nitrogen (C/N) ratio
= Straw “tucking” in the seed residue decomposition of about 50 or less is needed for
row . 6. Reduced herbicide effectiveness complete decomposition of crop
* Uneven seeding depth. * Delayed germination of weed residue by soil microbes. Cereal
2. Uneven seedling emergence and volunteer crop seeds residue contains only a small
= Poor seed/soil contact = Herbicide interception and amount of nitrogen, commonly
= Less access to solar energy absorption having a C/N ratio of 100 to 200.
3. Slower growth 7. Increased crop competition The additional nitrogen required
= Shading, cooler and wetter = Concentration of weeds and for microbial decomposition must
soils volunteer grain limit then come from the available soil
4. Lower nutrient availability availability of nutrients, nitrogen or from applied
= |Immobilization of N, P and S moisture and light to the crop nitrogen fertilizer.
and other nutrients in 8. Increased rodent damage Microbial decomposition of
microbial decomposition of = Concentrated food source high concentrations of residue in
large amounts of residue and cover combine straw and chaff rows
5. Favorable disease environment = Protection from predators can tie up significant amounts of
= Presence of concentrated nitrogen, making fertility
food source and cool, moist management difficult without
conditions favoring Pythium producing a shortage for the
root rot and other diseases following crop.

ALTERNATIVES to AGRICULTURAL BURNING (11/2004)
Managing Crop Residue
Page 2



In the Northwest, about 65 to 70% of the region’s annual precipitation occurs from October 1 to
March 31. Storage of soil water is essential during this period to effectively use the annual precipitation
for crop production. Residue management and variable tillage practices that focus on water storage offer
improved protection from soil loss by water and wind erosion, and associated pollution problems.

Capturing and Storing Winter Precipitation

Management options that may affect the rate of water infiltration and reduce
surface run-off over winter include (1) maintaining a portion of the previous crop’s
residue, and (2) using tillage operations that roughen the surface, and fracture and
loosen the soil that has lost its aggregation from previous tillage management.

= Crop residue helps protect the soil from the impact of raindrops that disperse soil
particles and cause soil surface sealing. Residue slows water movement across
the soil surface and allows more time for water infiltration. Residue may insulate
the surface of the soil from freezing, but may also keep it frozen longer at thawing.

= Tillage operations that roughen the soil surface help slow water movement over
the surface and allow more time for water infiltration. Tillage may increase the
proportion of large soil pore spaces, which can significantly increase water infiltration rates.

Standing stubble vs. residue-free surface
Leaving crop residue on the soil surface over winter affects rate of water infiltration and reduces water loss from
runoff and evaporation.

WATER STORAGE
Field studies near Pendleton, OR
showed the following comparisons:

EVAPORATIVE WATER LOSS

= Standing stubble acts as a » Standing stubble moderates the

Standing stubble vs. fall burning + tilling

2" more water was stored
(August to March) with standing
stubble compared to fall
burning in wheat/fallow
rotation.

Standing stubble vs. flailed stubble
When stubble was flailed and
left on surface, soil water
storage was reduced 0.3”
compared to standing stubble.

Standing stubble vs. fall plowing

2" more water was stored with
standing stubble compared to
fall plowing in winter wheat/
spring pea rotation.

Standing stubble vs. burned, untilled

About 2" more water was stored

with standing stubble compared
to where stubble was burned.

“windbreak” and reduces air
movement over soil, directly
reducing evaporation rates.

Under standing stubble, daytime
temperatures are cooler. When
daytime temperatures are well
above the freezing point,
evaporation rate increases.

effects of freeze-thaw cycles,
thereby reducing evaporation.
Standing stubble reduces
frequency, depth and duration of
soil freezing.

= Frozen soils reduce or stop
infiltration into the soil.

= By reducing heat loss at
night, soils can remain warm
enough so that freezing does
not occur when temperatures
are at, or only slightly below,
freezing.
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Standing stubble vs. fall chiseling

The choice between standing stubble and fall chiseling depends on a number of factors to be weighed.

WATER STORAGE

Fall chiseling or other tillage operations
that leave a rough surface and retain
much of the surface residue can
increase over-winter water storage
compared to undisturbed stubble if
surface runoff occurs on frozen soils.

Field studies using a Paratill chisel on
spring barley stubble and winter wheat
stubble grown under intense tillage in a
14" rainfall area showed the following
comparisons:

= Chiseled standing stubble vs. untilled
standing stubble
Chiseled standing stubble
stored 1.7 inches more soil
water than untilled standing
stubble.

= Burned + chiseled vs. burned, untilled
Chiseling after stubble burning
stored 1.1 inches more soil
water than the burned, untilled
treatment.

= Chiseled standing stubble vs. burned +
chiseled

Chiseled standing stubble
stored 2.8 inches more soil
water than where stubble had
been burned, and then
chiseled.

= Untilled standing stubble vs. burned,
untilled

Untilled standing stubble stored
2.2 inches more soil water than
the burned, untilled treatment —
the residue effect alone.

=  Chiseled standing stubble vs. burned,
untilled

Chiseled standing stubble
stored 3.9 inches more soil
water than the burned, untilled
treatment — the combined effect
of tillage and residue.

= Standing stubble vs. chopped stubble
Water storage under chopped
stubble was similar to that under
standing stubble in both tillage
situations.

SEEDING METHODS

Direct-seed — Most direct- .
seed (no-till) drills will do the
best job of seeding through
undisturbed dry crop stubble
where harvested residue was
uniformly distributed. Once the
stubble is unanchored by tillage,
drill plugging problems can be
severe, particularly with hoe or
knife openers. Disk drills have
more difficulty cutting through
residue, resulting in straw
“hairpinning” in the seed row,
uneven depth control and poor
seed-to-soil contact.

Minimum till/conventional —
Fall chiseling is an option if
some tillage is required to
prepare seedbed for the next
crop. The straight-shank chisel
is one of the better fall tillage
implements for capturing winter .
precipitation, especially where
soils commonly freeze.
Chiseling can leave the tallest
stubble and greatest amount of
residue on the surface, and
break up compacted soil and
leave a rough soil surface for
increasing water infiltration.

SOIL FREEZING

Standing stubble — Standing
stubble is effective in reducing
the frequency, depth and
duration of soil freezing. Frost
penetration under standing
cereal stubble averages only
35% of the frost depth under a
bare soil surface. The frost
structure under standing stubble
allows more infiltration than the
impermeable frost layer that
commonly forms with a bare soll
surface. During periods of
shallow frost depth or daily
freeze-thaw cycles, soil under
standing stubble commonly
does not freeze. Soil frost depth
under chiseled stubble is
typically intermediate between
standing stubble and a tilled
bare surface.

Chiseling — In chiseled
stubble, frost penetration is not
uniform. Residue mats, large
clods, and chisel marks all
influence the depth of frost
penetration. The non-uniform,
often discontinuous frost
penetration, maintains channels
for water infiltration into the
unfrozen soil below. The rough,
high residue surface slows
surface water movement, allows
ponding, and more time for
water to infiltrate into the soil.
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SOIL COMPACTION SNOW ACCUMULATION
Compacted “plow pans” caused by
tillage equipment and traffic can
severely reduce downward
movement of water through the saill

= Snow trapping — Leaving
cereal stubble standing over
winter is one of the most
effective ways of trapping snow

profile. where it falls. This is important

= Deep chiseling — Chiseling to on ridges and upper slopes that
a depth of 10 inches to break up may be blown free of snow, and
plow pan can increase the rate water is most limiting. As snow
of water movement into the soil depth increases in the stubble,
profile. the effect of insulation also

* Water storage — Compacted increases. Frost depth is
soil layers can affect soil water reduced, allowing increased
storage in two ways: water infiltration during

snowmelt and winter rains, and
reducing water loss from
evaporation. In addition, winter
crops are more protected from
harsh weather, reducing
winterkill and frost-heave
damage.

1. Reduced water infiltration
rates can directly result in
higher water loss from
surface runoff and
evaporation.

2. The restricted water
infiltration and drainage
within the soil can create a
temporary “perched water-
table” above the compacted
layer. When this wet soil
layer freezes, it creates an
impermeable, concrete-like
frost layer which completely
stops infiltration and further
increases runoff and
evaporation.

It is important to note that roughness is not nearly as effective for reducing
erosion as is surface residue during the critical over-winter erosion period on
seeded winter wheat. The effects of surface roughness for reducing erosion
sharply diminish during the winter as the soil clods slowly break apart.
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In much of the Northwest, only about 30 to 35% of the annual precipitation occurs during the growing
season. In areas of low precipitation, a year of fallow in the rotation is often needed to maintain soil
moisture captured from an additional year of fall and winter precipitation.

During the hot, dry summer, the focus of summer fallow management is to reduce water losses by
evaporation, with little potential for increasing soil water content during this period.

Storing Precipitation on Summer Fallow with Surface Residue

Even though efficiency in storing available precipitation during fallow is typically about 40% in areas of low
precipitation, the additional soil water in the seed zone during the fall increases the chance of timely seeding and
a successful crop. Unfortunately, soil losses by wind and water erosion have been severe under conventional
tillage on black fallow. Erosion is particularly a problem during the winter after the fallow field has been seeded to

winter cereals.

Evaporation usually accounts for the bulk of the water loss during fallow. Evaporation is also the most difficult

water-loss process to control.

Management practices which maintain more surface residue through the fallow season and after planting
winter cereals can effectively reduce soil erosion, and improve water storage for optimizing yields.

Why conserve water?

The objectives for conserving water
are:

1. To capture and hold the
precipitation where it falls,

2. To increase the infiltration of
water into the saoil,

3. To minimize the evaporation of
water stored in the soil,

4. To maintain adequate water in
the seed-zone for crop
establishment, especially in the
drier, summer fallow areas.

How the evaporation process works:

STAGE 1
The first or constant-rate stage

occurs when the soil surface is wet.

The evaporation rate is at a
maximum and is controlled by the
evaporative demand of the
atmosphere and soil surface
conditions.

On bare soil, and in wet soils,
water moves up to the soil surface
as a liquid by capillary flow (similar
to how water moves up in a
sponge), and the rate of movement
keeps pace with the evaporative
loss. As drying continues, the rate
of water movement through the soil
eventually begins to lag behind the
potential evaporative rate.

Surface residue level,
roughness and other surface
conditions can modify the influence
of atmospheric conditions by
reflecting heat and slowing air
movement near the surface of the
soil.

STAGE 2

The second or declining-rate
stage begins as the surface of the
soil becomes dry. There is a rapid
decline in the rate of water loss.
Upward movement of liquid water
by capillary flow eventually stops,
and water loss occurs at a much
slower rate by water vapor flow.

As the thickness of the dry,
surface soil increases, the
influence of atmospheric conditions
on soil water evaporation
decreases.
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Factors affecting soil water storage during fallow:

PRECIPITATION and
TEMPERATURE

Form of precipitation (rain or

show), intensity of rainfall, and time

of year during which the

precipitation occurs may be just as

important to conservation as the

amount that falls. Precipitation from

show is generally stored more
efficiently than from rain except
when the soil is frozen.

In the Inland Northwest, about
65 to 70% of the annual

precipitation falls between October

1 and March 31. Water loss from
evaporation is relatively low, and
the potential for increasing soil
water storage is greatest during
this period.

During the hot, dry summers,
the focus of summer fallow
management is to reduce water
losses by evaporation, with little
potential for increasing soil water
content.

WEED CONTROL

Early and continuous weed

control is important since large
weeds and high weed populations
can remove significant amounts of
soil water. Controlling weeds and
volunteer growth also appears to
reduce the potential for a number
of soil borne diseases.

SOIL TYPE

Sandy soils — Sandy soils
have lower water-holding
characteristics than silts and
clays, but have higher infiltration
rates. During extended dry
periods, sands loose their liquid
water capillary continuity to the
surface more rapidly upon
drying than do finer textured
soils. Sandy soils are commonly
referred to as “self-mulching.”

Silts and clays — On finer
textured soils, a tillage mulch
may be more important than on
sandy soils to break the liquid
capillary continuity to the
surface in order to control
evaporation during extended dry
periods.

INFLUENCE of SURFACE
RESIDUE

Run-off — Surface residue
reduces run-off by slowing
surface water movement down-
slope, allowing more time for
water to infiltrate into the soil.

Trapping snow — Standing
stubble traps snow over the
field, reducing drifting.

Soil freezing — Both residue
and snow cover reduce soll
freezing, helping water to
infiltrate into the soil.

Heat loss — Crop stubble can
reduce freezing of the soil
surface during late winter night-
day, freeze-thaw cycles by
reducing heat loss from the soil
during the night.

Evaporation —Ina
freeze/thaw cycle, water moves
upward to the frost zone at
night. During daytime thawing,
this water can be lost by
evaporation. Surface residue
helps reduce this evaporative
loss by reducing the frequency
and depth of soil freezing, and
reducing soil water evaporation
by insulating the soil from the
sun’s heat, and by slowing air
movement over the soil surface.

Infiltration — Surface residue
reduces evaporation most
during the cool, rainy season
when the soil surface is wet and
intervals between rains are
relatively short. Slowing the rate
of evaporation under these
conditions allows more time for
downward movement, water
infiltration and retention.
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Field studies have shown:

= Qver-winter soil water storage
with standing stubble generally
ranged from 15 to 45% higher
than with bare soil.

= Burying residue by fall plowing
can result in a reduction of over-
winter water storage when
compared to standing stubble.

= However, during the dry
Northwest summers, when
extended drying periods occur,
total water loss from an untilled,
residue-covered soil can exceed
the loss from a bare soil. As a
result, no-till chemical fallow
may not maintain adequate soil
water in the seed zone over
extended dry periods under
some soil and environmental
conditions in order to allow
timely planting of winter cereals.
Both successes and failures in
maintaining adequate soil water
in the seed zone with no-till
chemical fallow have been
reported by researchers and
growers. Soil type, precipitation
level and distribution, residue
amounts and position (standing
vs. flat) and other factors
influence the success of no-till
chemical fallow. More research
and experimentation is needed
to determine the applicability of
no-till chemical fallow in the
Inland Northwest.

Details of the studies can be
read in the Pacific Northwest
Conservation Tillage Handbook,
Chapter 3, No.11, online at:
http://[pnwsteep.wsu.edu

Effects of tillage and residue management:

Tillage and residue
management during fallow should
maximize soil absorption of
precipitation, and minimize
evaporation losses during dry
periods.

The number of tillage operations
should be minimal to reduce soll
erosion, water loss, and production
costs.

= Where compaction or poorly
aggregated soil is a problem, fall
tillage, such as chiseling, can
increase over-winter water
retention.

= Without compaction problems,
leaving the stubble standing
over winter usually results in
water storage equal to, and in
some cases greater than,
storage after fall chiseling.

In late spring, before the hot, dry
summer season, some tillage may
be necessary to break the liquid
capillary continuity between the
seed zone and the soil surface.

The dry tillage-mulch insulates
the seed zone, minimizes water
loss by slowing the transfer of
water vapor to the air, thus helping
to retain adequate seed-zone water
for germination.

Three approaches to tillage and
residue management in summer
fallow include:

1. Conventional tillage — Nearly
all the surface residue is buried
with soil inversion-type, primary
tillage implements, such as the
disk or moldboard plow, and/or
numerous secondary tillage
operations.

2. Stubble mulch — A significant
portion of the previous crop
residue is maintained on the
surface through the use of
subsurface soil mixing
implements, such as the chisel
or sweep for the primary tillage,
as well as the use of herbicides
to delay and replace tillage
operations.

3. Chemical fallow — Volunteer
grains and weeds are controlled
exclusively with herbicides, and
the subsequent crop may, or
may not, be direct-seeded
without prior tillage.

Where tillage is used in summer
fallow in the Inland Northwest,
surface tillage-mulch has proven to
be a fairly reliable system to
maintain adequate seed zone soil
water, enabling establishment of
winter cereals in August or
September.

Researchers point out that both
surface residue and tillage can
improve soil water retention
through the fallow season. By
maintaining a portion of the crop
residue on the soil surface through
the fallow season and after seeding
a winter cereal with conservation
tillage, producers can reduce soll
water losses compared to “black”
conventional fallow.
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Precision Agriculture: Tillage and Residue Management Strategies for Variable Cropland

The basic principles of precision agriculture can be adapted to much of the Northwest, spanning precipitation
zones and topographic regions. The degree to which variable tillage and residue management within fields are
needed and are possible will depend on each field and farm situation.

The use of precision agriculture within fields might apply
only to the primary tillage operation, with all subsequent
field operations the same across the field.

In other situations, growers might maintain differences in
practices up until seedbed preparation or planting of the
following crop across the entire field. Individual
management zones could be continuously maintained within
fields such as with permanently divided slopes, field strips
or other field divisions.

= The final over-winter condition of the field is important for
fall-seeded crops since this water storage period is
critical to yield and to erosion control.

= Tillage and residue management decisions in the fall
after harvest are important for the next spring crop
because they affect water storage and erosion potential
over winter and in the spring.

= Tillage and residue management decisions can affect
water storage and erosion potential through the
subsequent fall and winter when a fall-seeded crop will

Precision agriculture merges the new
technologies borne of the information age
with a mature agricultural industry. An
integrated crop management system
attempts to match the kind and amount of
inputs with the actual crop needs for small
areas within a farm field.

Precision agriculture is often defined by
the technologies that enable it, and is often
referred to as GPS (Global Positioning
System) agriculture or variable-rate farming.

Precision farming distinguishes itself
from traditional agriculture by its level of
management. Instead of managing whole
fields as a single unit, management is
customized for small areas within fields.

Source:
http://www.fse.missouri.edu/mpac/pubs/wgq0450.htm

be planted.

MANAGEMENT SCENARIOS:

1. Winter Wheat to Spring Crops

= In fields where spring peas,
lentils or other spring crops will
be planted following winter
wheat, farmers might consider
fall chiseling (or other non-
inversion tillage operation) on
the hilltops and upper slopes. In
these areas, residue production
is often low, the potential for soil
erosion is high, and grain yield
is typically more limited by water
availability than by pest
problems.

s The remaining surface
residue and rough, fractured
soil after chiseling would
effectively store over-winter
precipitation, yet allow early

seedbed preparation and
seeding.

= Depending on the type of
chisel points, depth and
spacing, speed of tillage and
other factors, about 70% of
the original residue cover
would remain on the surface,
a portion of which would be
partially standing to aid in
trapping snow.

On the wetter, lower slopes and
bottomland areas, residue
production from winter wheat is
often significantly higher, the
potential for erosion is lower,
and grain yield is often more
limited by pest problems and

wet soil conditions than by water

availability.

More intensive tillage,
possibly beginning with fall
moldboard plowing, might
help reduce excess residue
levels, reduce winter annual
grass weeds, and reduce the
incidence of some cereal
diseases that persist in the
wheat straw, such as
Cephalosporium stripe.
Intensive fall tillage would
accelerate soil drying and
warming in the spring to
facilitate early seeding.

ALTERNATIVES to AGRICULTURAL BURNING (11/2004)

Managing Crop Residue
Page 9


http://www.fse.missouri.edu/mpac/pubs/wq0450.htm

2. Spring Barley to Spring Crops 3. Winter Wheat to Fallow
or Fallow

“Roger Pennell System” (Garfield,
WA farmer):

o Fall mulch-tillage, with chisel

or cultivator plus harrow, is
used on lower slopes and
bottomland areas after
volunteer and weeds begin
to grow. This tillage helps
accelerate soil warming and
drying in the spring,
permitting an early seeding
date.

= Stubble is left standing over
winter on hilltops and upper
slopes to trap snow and
store as much water as
possible. This zone extends
low on dry south slopes but
remains high on wet north
slopes. A non-selective

herbicide is applied in the fall
to control volunteer grain and

weeds. In the spring, a non-

selective herbicide is applied

to the whole field before
direct seeding without prior
tillage.

Spring barley produces much "

less crop residue than winter
wheat, and the residue
decomposes faster.

Use minimum tillage after spring
barley to maintain adequate
surface residue to store water
for the following crop and
reduce the potential for erosion,
especially in 3-year rotations,
such as winter wheat/spring
barley/spring pea, lentil or
fallow.

= Winter wheat planted on
summer fallow after spring
barley can be particularly
vulnerable to soil erosion
under intensive tillage
systems. Maintain as much
barley residue as possible
through the fallow season
and winter wheat seeding.

s Maintaining part of the spring
barley residue on the surface
through a second spring crop
and planting of the next
winter wheat crop can
improve water storage and
erosion control during that
winter.

In areas susceptible to erosion
and water stress, barley stubble
could be left standing over-
winter, with fall subsoiling or
surface pitting, if there are
problems with soil compaction
or run-off on frozen soils.

In areas where the potential for
residue production and winter
annual grass weed problems
are higher, and the potential for
erosion is lower, shallow fall
chiseling might be considered.

In drier regions, requiring a
crop/fallow rotation, the most
critical erosion period
associated with fallow is usually
during the fall and winter, after
seeding winter wheat. Wind
rather than water erosion is
often a greater problem.

Tillage and residue
management practices in
variable cropland should
maintain adequate surface
residue where needed,
beginning after harvest at the
start of the fallow year.

s In low yielding, erosion-
prone areas, wheat stubble
could be left standing over
winter. Subsoiling, surface
pitting or other tillage
operations with minimal
surface residue burial, might
help to increase water
retention and infiltration, if
there are problems with soil
compaction or run-off on
frozen soils.

= In low yielding, erosion-
prone areas, to maintain
more residue over the fallow
period through winter wheat
seeding, consider an early
application of a non-selective
herbicide as a substitute for
early spring tillage
operations, thus delaying the
initial fallow tillage operation
until later in the spring.

= In areas where residue
production is higher, the
potential for erosion is lower,
and pest problems are more
limiting to yield than water
availability, fall chiseling
might be considered.
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4. Low Residue Crops to Winter
Wheat

= Optimizing over-winter water
storage and minimizing soil
erosion is critical when seeding
winter wheat after low residue-
producing crops, such as spring
dry peas or lentils.

directly bands fertilizer below
the seeding depth without
prior tillage. Fertilizing is
followed by seeding with a
conventional drill. The
rougher, more porous
surface created with shank-
and-seed systems might
reduce run-off and erosion
more than a seedbed
created with a disk type, no-
till drill, under similar
amounts of surface residue.

= Direct-seeding winter wheat
with no-till drills has worked
in some areas.

s Using a reduced tillage
approach, such as “shank
and seed,” is another option.
A non-selective herbicide is
applied to control weed
growth. The heavy duty,
shank fertilizer applicator

= Under a shank-and-seed
system on variable field
landscapes, consider direct-
shanking of fertilizer on the
entire field, then adjusting the

Sources and further reading
Conservation Technology Information Center, online at:
http://www.ctic.purdue.edu/

next field operation to the
specific areas.

o

Source:
PNW Conservation Tillage Handbook,
Chapter 3, No. 18, Pages 6-7.

To maintain more surface
residue on erosion-prone,
water-deficient areas, a non-
selective herbicide might be
used to control volunteer and
weeds before seeding.

In areas where residue
production is higher, and the
potential for erosion is lower,
a field cultivator-rod weeder
operation might be used.

Farming with the Wind. 1998. Washington State University CAHE publication MISC0208.
Pacific Northwest Conservation Tillage Handbook Series, Chapter 3 (Residue Management), online at:

http://pnwsteep.wsu.edu

Retooling Agriculture. 2001. Pacific Northwest Extension publication PNW553.
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Northwest Considerations

The three states in the Northwest region include Idaho, Oregon, and Washington. The states in this region
contend with some of the most erosive cropland in the U.S. Soils are mainly derived from loess (windblown

material) and volcanic ash.

The region experiences cool, wet winters and warm-to-hot, dry summers. Up to 70% of annual rainfall occurs

from November through April.

Water erosion is a primary concern in mid-to-higher precipitation areas (13 to 17 inches or more), on rolling

cropland with slopes up to 45% or more.

In lower rainfall areas (less than 13 inches), on coarser textured soils, wind erosion causes the primary soll
loss. Much of the water erosion occurs during winter, with the more visible events being associated with rain on
snow, or rapid snowmelt, when frozen soils are beginning to thaw. Intense rainstorms during the spring and

summer also occasionally cause significant soil losses.

Winter wheat is the dominant dryland crop with significant rotation crops including: spring wheat, spring barley,
pea, lentil, winter rapeseed, winter and spring canola, mustard, chickpea, alfalfa and grass seed. More than 100
different crops are grown where irrigation is available in areas with long growing seasons.

Challenges

The primary erosion problems in the region are
associated with intense mechanical tillage either in a
wheat/fallow rotation or where low residue crops are
grown.

The switch to no-till (direct-seed) or other
conservation tillage systems, following a typical 2-year
rotation of winter wheat/fallow or spring crops, has
commonly resulted in problems with winter annual
grass weeds and soil borne diseases.

Long, hot, and dry summers are obstacles to eco-
or chemical fallow, and direct-seeding of winter crops.
Without the use of tillage, growers usually can’t
maintain adequate seed-zone soil moisture for timely
establishment of winter wheat. Tillage practices, like
“dust mulch,” leave the soil highly vulnerable to wind
erosion in late summer and fall.

In higher precipitation regions, problems range from
low-residue crops, intensive tillage and soil compaction
to wheat yields of up to 130 bushels per acre, which
create so much residue that establishing the following
crop can be difficult.

Possible Solutions

Northwest research shows expanding a 2-year
winter wheat/fallow, or winter wheat/pea, lentil rotation
to a 3-year or longer rotation (with spring crops)
effectively minimizes many pest problems.

Continuous no-till (direct-seed) spring crops have
replaced winter wheat/fallow rotations in some areas,
and can be successful until there is a build-up of pests
associated with such rotations. Stubble mulch (mulch-
till) systems for fallow can significantly reduce erosion
potential. In years with favorable rainfall, spring crops
can be substituted for fallow to reduce weeds, disease,
and erosion.

In higher rainfall areas, by combining use of a non-
selective herbicide for weed control with heavy-duty,
direct-shank fertilizer applicators, modified chisels or
field cultivators to allow deep banding of fertilizer
without prior tillage, growers can then seed winter
wheat.

Source: http://ctic.purdue.edu/Core4/CT/Checklist/Page33.html
Contributors: Roger Veseth, UI/WSU; Robert Papendick, WSU; Don
Wysocki, OSU. Editing by Roland Schirman, WSU.
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Sources of Information

The following fact sheets bring research-based information from many different sources to a single

document for access by growers, permitting authorities, and others who wish to use the information.

All sources are listed at the end of each fact sheet under “Sources and suggested reading.”

AQg Facts § stats

1992, 1997 and 2002 Census of Agriculture
Washington State Farm Characteristics

Variable 1992 1997 2002

Total land area (million acres) 42.61 42.61 42.59

Total farmland (million acres) 15.73 15.78 15.32

Percent of total land area 36.9 37.0 36.0

Cropland (million acres) 8.00 8.29 8.04

Percent of total farmland 50.9 52.5 52.5

Percent in pasture 6.9 6.3 6.2

Harvested Cropland (million acres) 4.73 5.16 4.89

Percent irrigated 19.0 20.1 20.8

Woodland (million acres) 1.98 1.91 1.93

Percent of total farmland 12.6 121 12.6

Percent in pasture 81.4 79.8 78.3

Pastureland (million acres) 5.31 5.05 4.85

Percent of total farmland 33.8 32.0 31.6

Conservation and organic practices

Farmland in conservation or wetlands 0.74 1.02 127
reserve programs (million acres)

Percent of total farmland 4.7 6.5 8.3

Certified organic farms, all commodities (number) N/A N/A 594

Certified organic farms, crops (number) N/A N/A 438

Land used to raise certified organic crops (acres) N/A N/A 11,493

Source: http://www.ers.usda.gov/StateFacts/WA.HTM
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common Names: Cereal Rye, Feral Rye, Volunteer Rye*

* Not to be confused with Italian ryegrass (Lolium multiflorum)

Scientific Name: Secale cereale

History

Cereal rye is sometimes grown
as a crop, but once the seed
population is established in the sail,
it can be a serious weed problem.

Volunteer cereal rye grows in
winter wheat crops, and reduces
wheat yield by competing for
moisture, nutrients, and light.

When volunteer cereal rye
shows up in grain samples, the
grower is heavily docked.

Growth Characteristics

Cereal rye is a winter annual
plant. Its growth habits are similar
to winter wheat.

Cereal Rye
Source: http://plants.usda.gov/

Control Options

Crop rotations
Do not plant winter wheat or

winter barley for 2 consecutive
years. Summer fallow and spring
wheat or spring barley are rotations
that greatly reduce the amount of
volunteer cereal rye.

Hand-roguing

Hand-roguing of rye plants is
practical only for small populations
of rye.

Herbicides

Wiper applications of glyphosate
can be used in wheat after the rye
is at least 6 inches taller than the
crop. However, herbicide
treatments can be expensive and
the “wicking” method leaves tracks
in the wheat.

Imazamox will control feral rye if
applied before the weed is tillering,
usually in early fall. (See OSU
Bulletin EM8833.)

In research in eastern Oregon,
90% of the cereal rye was
controlled when imazamox was
applied when the rye had 1 to 6
leaves. Late fall (1 to 5 tillers) and
spring applications provided 35%
and 60% control respectively.

For details on chemical control,
refer to the Pacific Northwest Weed
Management Handbook, online at:
http://pnwpest.org/pnw/weeds.
See also, Weed Management in
Clearfield™ Wheat with Imazamox,
Oregon State University Extension
Service Publication EM8833.
Website is listed in “Sources and
suggested reading.”

Control Options Using

FIRE AS A TOOL

Spot burning of cereal rye
infestations along field borders will
help reduce the spread of seed.

The benefits of large scale
burning will depend on the level of
infestation and whether other
control options are economically
feasible.
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CHEMICAL CONTROL

Volunteer Rye in Winter Wheat
Rescue Treatment

Herbicide: Gramoxone Extra (paraquat) [a restricted-use herbicide]

Description: 0.125 to 0.185 Ib ai/A (6.5 to 9.5 0z/A Gramoxone Extra) + 0.13 to 0.25% non-ionic surfactant
Timing: Apply in spring after wheat has developed 5 tillers, or is 6 inches high, but before head emerges from
boot. Wheat injury will occur from this treatment.

Volunteer Rye in Winter Wheat
Ropewick Treatment

Herbicide: Roundup (glyphosate)
Description: 33% solution (1 gal Roundup + 2 gal water)
Timing: Ropewick after volunteer rye heads and is 6 inches above wheat, but before wheat heads. Apply at

least 35 days before harvest.

Source: http://pnwpest.org/pnw/weeds?08W_CERE14.dat
Always read herbicide label before use.

Sources and suggested reading

Control of Volunteer Crop Plants. 2000. Washington State University Cooperative Extension Publication EB1523,
online at:
http://cru.cahe.wsu.edu/CEPublications/eb1523/eb1523.pdf

Pacific Northwest Weed Management Handbook, online at:
http://[pnwpest.org/pnw/weeds

Weed Management in Clearfield™ Wheat with Imazamox. 2003. Oregon State University Extension Service
Publication EM8833, online at:
http://oregonstate.edu/dept/weeds/articles/Clearfield%20wheat%20Extension%20bulletin.pdf

4 woTES N
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common Names: DOwny Brome, Cheatgrass

Scientific Name: Bromus tectorum

History

Downy brome, also known as
cheatgrass, was introduced from
the Mediterranean region. One
source says the weed arrived in
packing material and was first
found near Denver, Colorado.
Another source dates its
identification in the eastern U.S. in
1861, and its spread to regions
throughout the U.S. by 1914.

Downy brome is common in
cultivated crops, along roadsides,
waste areas, pastures and
rangelands. It is sometimes an
indicator of overgrazing. It is a
common seed contaminant, and
fuel for wildfires.

Downy brome is important
spring forage on arid grazing lands
in much of the Pacific Northwest.
However, the forage quality of
downy brome decreases as it
matures and protein content drops
to about 3%; and the long slender
awns on the seed heads can irritate
and puncture the soft tissues inside
the mouths of grazing animals.

The acceptable qualities of
downy brome as forage become
unacceptable when the plants
become a major weed problem in
winter wheat, perennial grass seed,
and alfalfa. Downy brome
infestations of 10 plants per ft* can
reduce winter wheat yields by 40%,
and 50 plants per ft* by 92%.

Downy brome is a major
problem in areas of low
precipitation where crop rotations
are limited to winter wheat followed
by a year of summer fallow.

Growth Characteristics
Downy brome is an annual or
winter annual, and grows to 4 to 30

inches tall.

Seed dormancy — After falling
from the mother plant, downy
brome seeds require a short after-
ripening period. By fall, most seeds
will germinate if conditions are
favorable. Some seeds, however,
will become dormant if they absorb
moisture in the fall, but lack
adequate seed-to-soil contact, and
they dry out before germination can
occur. These seeds can remain
dormant until the following fall and
contribute to the seed bank in the
soil. Seeds present in the above-
ground crop or weed residue will
survive longer than those seeds in
direct contact with the soil.

Seed germination — About
95% of downy brome seeds in the
top 2 inches of soil will germinate
when conditions are favorable, with
about 80% emerging from the top
% inch of soil. Seeds below 2Y2
inches are not likely to emerge.
However, downy brome seeds can
remain viable for 2 to 3 years.

An infestation of downy
brome can produce more than
500 Ibs of seed per acre (1 1b of
seed contains about 250,000
seeds). Up to 400 seeds are
produced per plant. Downy
brome populations can
increase dramatically in just 2
to 3 years.

Seeds that germinate in early
spring can mature to produce seed,;
however, most seeds germinate in
the fall to produce vigorous plants
and abundant seeds.

Downy brome seeds usually
germinate in late summer or
autumn after fall rains when soil
temperature drops below 70 °F. If
soil moisture is adequate, seeds
may continue to germinate at soil
temperatures between 35 and 40
°F. Seedlings over-winter in the
vegetative stage, resume growth in
early spring, and mature in May or
June, typically 4 to 6 weeks before
winter wheat, dropping seeds to the
soil before wheat harvest.

The finely divided fibrous
root system of downy brome is
highly efficient in exploiting
soil moisture and nutrients.

Plant growth — Downy brome
grows rapidly and competes
strongly with most crops.

The primary root system, which
develops from the seed, grows
throughout the fall and winter at soil
temperatures just above freezing.

The secondary roots emerge
from the plant crown and are well
developed before winter crops
resume growth in the spring. Roots
can grow to 3 to 4 feet deep;
however, greater than 90% of the
root mass is present in the top 15
inches of soil.
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Management Systems and
Conditions Favoring
Downy Brome

Conservation tillage systems
designed to retain more crop
residue on the surface of the
soil, especially in 2-year
rotations, favor downy brome.
When seeds remain on the
surface or are shallowly buried,
rapid development of downy
brome infestations may occur
unless effective weed
management strategies are
implemented.

Winter wheat/fallow rotations in
areas of low rainfall (6 to 12
inches annually).

Control Options

Reduce soil seed bank

No single pest
management option will
provide complete control. For
profitable crop production,
while exercising good
stewardship of natural
resources, farm operators
must employ a combination of
management practices. The
most effective and economical
control will be achieved by
using an integrated approach.

Growers need to balance
practices for managing
residue and controlling
weeds, diseases, and insects
with economics and
environmental impacts on
water conservation, erosion
control, and air quality.

The following control
options should be considered
as part of long-term
management strategies. No
one technique should be used
alone.

1.

Stimulate seed germination
during fall and winter.

Use combine chaff spreading
systems to distribute downy
brome seeds to improve
germination.

Use light tillage operations in
dry stubble after harvest to
improve seed-to-soil contact for
improved germination after fall
rains. Tine harrows or skew
treaders can improve seed-to-
soil contact with minimal residue
disturbance.

. Prevent seed production in

fallow.

In late fall, apply a non-selective
herbicide if rains have
stimulated good germination
and growth of downy brome.

In spring, apply a non-selective
herbicide ahead of spring tillage
to control small weed plants
before seed production.

. Minimize seed production in

crop.
Use competitive crop varieties
adapted to your area.
Optimize crop health by
controlling insect pests and
diseases.

Provide adequate plant nutrients
for early access by crop roots.

Avoid excessive amount of
nitrogen.

Do not use surface top-dress
applications of nitrogen in fields
infested with downy brome. It
can increase the
competitiveness of downy
brome.

Rotate crops. Include a spring
crop to allow both spring and fall
tillage or herbicide control

options. Seed a non-cereal crop
in the fall, such as winter
canola, to allow the use of grass
herbicides.

. Prevent and limit infestations.

Clean tillage and harvest equip-
ment after operating in infested
fields.

Plant weed-free wheat seed.

Control downy brome occurring
in isolated patches in a field,
along field borders, fence lines,
and roadways.

Use herbicides as part of an
integrated weed management
program. Some herbicides may
restrict future cropping or re-
cropping options. For details,
refer to herbicide labels and the
Pacific Northwest Weed Control
Handbook.

. Manage for herbicide

resistance.

Avoid using the same herbicide,
or herbicides with the same
mode of action, year after year.
Use herbicides with a short soil
residual.

Avoid applying the same
herbicide in the same field
within the same year.

Rotate crops to expand the
number of herbicide options.
Plant clean seed.

Clean harvest and tillage equip-
ment to prevent spread of
herbicide-resistant weeds.

Use an integrated weed
management approach by
including cultural, mechanical,
biological, and chemical
controls.

See PNW Bulletin 437 at:
http://info.ag.uidaho.edu/pdf/
PNW/PNWO0437.pdf
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MAINTENANCE

Control Strategies for light to
moderate infestations.

Winter wheat harvest — Uni-
formly distribute weed seeds,
escaped grain, and residue.
Uniform distribution enhances
seed-to-soil contact and
germination, and improves
effectiveness of herbicides and
tillage. Chaff spreaders on
combines are more effective than
harrowing, but can also contribute
to spreading downy brome seeds.
Consider harvesting or tilling
infested patches in separate

operations from the rest of the field.

Post-harvest — Harrow or use
other light tillage methods in dry
stubble soon after harvest. Light
tillage, especially when a combine
chaff spreading system is used,
increases seed-to-soil contact and
germination when fall rains occur.

Tine harrows or skew treaders
can improve seed-to-soil contact
with minimal residue disturbance.
Disks set at lower angles and
operated shallowly can improve
seed-to-soil contact without
excessive residue burial.

Late in the fall, apply a non-
selective herbicide providing fall
rains have stimulated good
germination and growth of downy
brome plants. Lower labeled
herbicide rates are often more
effective in the fall compared to
spring because the plants are
smaller and winter stress aids in
killing them.

Fertilizing — Downy brome
responds dramatically to nitrogen
fertilizer. Surface-applied nitrogen
has been shown to triple downy
brome height and yield in winter
wheat.

= Apply only the recommended
amount of nitrogen (N) fertilizer.

= Deep band N fertilizer early in
the fallow season rather than
near planting. Deep banding N
fertilizer improves competitive-
ness of winter wheat over
downy brome as compared to
broadcast applications.

= In the spring, do not top-dress N
fertilizer in winter wheat fields.

= If phosphorus (P) fertilizer is
needed, a deep band or starter
placement can stimulate winter
wheat root growth and increase
competitiveness against downy
brome.

Seeding — Seed at a normal,
optimal seeding date in your area.
Seeding through a dry mulch layer
into a moist seed zone with a deep
furrow drill will allow wheat to
emerge before downy brome
(downy brome will not germinate
until moisture is adequate).

Avoid excessively early seeding
as it promotes disease and insect
pests in a winter wheat/fallow
rotation.

If rain occurs just before
anticipated planting, delay seeding
until downy brome emerges and
apply a non-selective herbicide, or
till before seeding. Delayed
seeding, however, is not without
risk.

Herbicide application — Refer
to herbicide labels and the Pacific
Northwest Weed Management
Handbook regarding the use of
herbicides for downy brome control
in winter wheat. Spring planting in
the event of a crop winterkill may
be restricted with some pre-plant
incorporated (PPI) herbicides.

RECLAMATION

Control Strategies for dense
infestations.

Consider reclamation control
strategies when the current or
future profit margin from winter
wheat with a dense downy brome
infestation, plus the cost of control
measures, is less than the profit
margin from a spring crop.

Rotate crops

= Include spring crops in the
rotation. A minimum of 2 to 3
years out of winter wheat are
needed to effectively deplete the
downy brome soil seed bank.
Spring cropping allows spring
and fall tillage or herbicide
applications to kill the weeds
and deplete the soil seed bank.

= Where annual precipitation is
adequate, seed a winter annual
broadleaf crop such as canola
for one of the 2 or 3 years out of
winter wheat. Use a grass weed
herbicide to reduce weed seed
bank. Following winter wheat
with a winter annual broadleaf
crop and then 2 years of spring
cropping effectively reduces the
downy brome soil seed bank.

= Tillage and residue manage-
ment options to control cheat-
grass are more numerous when
following winter wheat with a
spring annual crop than with
summer fallow. Use fallow in
combination with spring crops to
extend the number of years
between winter wheat crops.
Possible rotations include:

= Winter wheat/spring crop/
spring wheat/fallow

= Winter wheat/spring crop/
fallow
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= Winter wheat/fallow/

spring wheat/fallow (probably
a better choice for areas of
very low precipitation or
during drought years).

= When adjusting tillage or

rotation, check with the NRCS to

adjust farm conservation plan.

Prevent, limit infestations

= Clean tillage equipment and
combines after operating in
infested fields. Control even
light infestations of downy
brome on field borders, fence
lines, and roadways to reduce
spread.

Manage summer fallow

Manage summer fallow before
winter wheat — Use a non-
selective herbicide to delay primary
tillage. An early spring application
of a non-selective herbicide:
= Increases residue retention
= Promotes water conservation
= Reduces soil compaction from
tilling wet soils
= Prevents plants from forming a
dense sod and setting seed

= Prevents high populations of
large plants from depleting soil
moisture

= Improves effectiveness of
herbicide as dust interferes less
with early spring-applied
herbicides

= Provides better control of downy
brome than tillage alone when
soil is moist, temperature is
cool, and rains are still relatively
frequent.

Combine timely tillage with
herbicide applications to further
increase control of downy brome.
Little germination of downy brome
occurs after early March in low
precipitation wheat/fallow areas.

The optimal time to begin setting
the dry mulch seed zone line varies
with location and weather
conditions.

Manage residue from harvest
through planting. Research
indicates that 0.2 to 0.5 inch of soil
water is lost per tillage operation
when moist soil is brought to the
surface. Select tillage operations
which retain the most residues on
the surface. Rod weed only when
plant populations and growth
warrant, or when needed to re-
establish the dry mulch layer after a
rain. Consider limited tilling or spot
spraying of isolated infestations of
downy brome.

Manage summer fallow before
spring wheat — Consider applying
a residual soil-active herbicide in
the fall to control winter annual
grass weeds where no crop will be
planted for about 18 months.

Consider using season-long
chemical fallow instead of
traditional tillage. Tillage is not
needed to maintain seed zone soll
water since winter wheat will not be
planted. Chemical fallow retains
more surface residue necessary for
compliance with USDA
conservation programs. Chisel or
subsoil on wide shank spacing in
the fall before planting spring wheat
if winter runoff on frozen soil occurs
in the area.

Light tillage during the late
summer of the chemical fallow year
may improve seed-to-soil contact of
downy brome seeds present in the
soil, improve germination and help
deplete the soil seed bank.

If weather permits, apply a non-
selective herbicide late in the fall
before cropping. An herbicide
application can minimize sod

formation by weeds and volunteer
grains, which interferes with spring
planting, and minimizes “green
bridge” and build up of root
diseases on over-wintering plants.

Intensive tillage

Moldboard plowing — About
80% of downy brome seedlings
emerge from the top %2 inch of soil.
Burying seeds is effective if they
are not brought back near the
surface with subsequent tillage.

= Consider potential loss in crop
yield before deciding to
moldboard plow. Fall plowing
increases evaporation of over-
winter precipitation and reduces
over-winter soil water storage.

= Delay plowing until after-harvest
harrowing or light tillage, and fall
rains have stimulated downy
brome germination.

= Use conservation plowing
techniques that leave the soil
rough and maintain more
surface residue.

= Do not plow where wind erosion
is a problem.

Moldboard plowing or
burning winter wheat fields
infested with downy brome
does accelerate the depletion
of the downy brome seed
bank. Because the potential is
high for soil erosion, these
practices should be considered
only following winter wheat in
a 3-year winter wheat/
spring crop/fallow rotation, or
a winter wheat/spring crop/
spring crop rotation, within
the RECLAMATION Control
Strategy. Longer rotations
realize little benefit from
these practices.
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Control Options Using
FIRE AS A TOOL

While burning has no effect on
downy brome seed in the soill,
after-harvest stubble burning
during dry field conditions generally
kills 60 to 90% of downy brome
seed lying on the surface of the
soil.

Selective burning on land that
is not highly erodible — Burning
wheat stubble to kill downy brome
seed lying on the soil surface
should be implemented as a one-
time event in a long-term weed
management strateqy.

= Using the variable tillage
approach, selective burning of
portions of fields that are not
highly erodible and have high
levels of downy brome could be
part of a weed management
strategy.

= Burning of upper slopes and
ridgetops that are highly
erodible and that have lower
weed levels and lower residue
production should be avoided.

Stubble burning — Burn
stubble in the fall after winter wheat
harvest to reduce downy brome soil
seed bank

Fall burning is more effective in
reducing the downy brome soil
seed bank, but fall burning
reduces storage of over-winter
precipitation by 1 to 2 inches
compared to standing or chiseled
stubble. Fall-burned areas should
be fall chiseled or subsoiled on the
contour to minimize over-winter
run-off and erosion.

Spring burning conserves
more over-winter precipitation, but
is less effective in reducing the
downy brome soil seed bank.

Stubble burning impacts water
storage over winter, soil organic
matter content, and air quality.
Growers must balance
management strategies with the
economics, impacts and
alternatives available to produce
healthy and productive crops.

Downy brome seeds are
susceptible to heat-kill, but
can survive fires of low-
severity if the entire litter
layer is not consumed or if
seeds are buried deeply
enough to be insulated from
the heat.

If fire occurs when seed
remains in panicles above
ground, most seeds will be
killed and downy brome
density will decline
immediately following fire.

Moisture content is the

single most important factor

influencing downy brome

flammability. Downy brome is
not readily ignited until it
reaches the straw-colored
stage, when moisture content
drops to 30%.

U.S.F.S.

Control Options in
Rangeland

Control of downy brome in
rangeland generally consists of
burning, using non-selective
herbicides, and stocking rate
management. In addition, planting
desirable and competitive grass
and forb species will help prevent
downy brome establishment.

Grazing downy brome in winter
can reduce downy brome herbage
and seeds while protecting the
dormant perennial grasses.
Prevention of overgrazing is also
important to the control of downy
brome.

Downy brome is a fire hazard
on many private and public lands.
For more information on fuel
management, fire prevention, and
revegetation after downy brome
fires (wildfires or prescribed
burning), visit the U.S. Forest
Service website at:
http://iwww .fs.fed.us/database/
feis/plants/graminoid/brotec/fire_
effects.html

Powiny Brove
Source: http://plants.usda.gov/
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National legislation, beginning with the 1985 Food Security Act, requires producers with highly
erodible cropland to effectively minimize soil erosion in order to be eligible to participate in USDA
programs. These laws have limited the use of intensive tillage and burning as weed management tools
in this production region.

Sources and suggested reading

Conservation Crop Rotations For Dryland Wheat in Downy Brome Infested Areas. 2000. Online at:
http://pwa.ars.usda.gov/pendleton/cpcrc/AnnualReport_Web/datafiles/2000/HtmI/105.html

Downy Brome. October 1994. Pacific Northwest Extension Publication PNW 474, online at:
http://[pnwpest.org/pnw/weeds/

Getting Ahead of Downy Brome. Farming Update, Dec. 1995. Pacific Northwest Conservation Tillage Handbook
Series,online at:
http://pnwsteep.wsu.edu

Herbicide-Resistant Weeds and Their Management. December 2002. Pacific Northwest Extension Publication
PNWO0437, online at:
http://info.ag.uidaho.edu/pdf/PNW/PNWO0437.pdf

Managing Downy Brome Under Conservation Tillage Systems in the Northwest Cropping Region. Pacific
Northwest Extension Publication PNW0509, PNW Conservation Tillage Handbook Series, Chapter 5, No. 15
(1994), revised July 1998, online at:
http://[pnwsteep.wsu.edu

Pacific Northwest Conservation Tillage Handbook Series, Chapter 5, No. 15 (1994), No. 10 (1988), No. 8 (1987),
online at:
http://pnwsteep.wsu.edu

Pacific Northwest Weed Management Handbook, online at:
http://[pnwpest.org/pnw/weeds

Weeds and Poisonous Plants of Wyoming and Utah. 1987. University of Wyoming Cooperative Extension
Publication.

NOTES
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common Name: Garlic Mustard

Garlic mustard is a Class A noxious weed in Washington. Eradication is required by law.

Scientific Name: Alliaria petiolata

History

Garlic mustard is native to
Europe, and was probably
introduced to North America in the
1800s, for use as a medicinal and
food plant. The species is present
in the forested habitats of the New
England area and Midwestern
states, causing expensive and
long-term management problems
of natural areas.

Garlic mustard was identified
and first reported to the
Washington State Noxious Weed
Board in the spring of 1999. Known
locations of garlic mustard include
King County, with field infestations
at the Woodland Park Zoo,
Carkeek Park and Golden
Gardens, and a roadside site in
Snohomish County. Because the
species has a history of invading
and establishing very fast,
Washington, by requiring
eradication, has the potential to
contain the spread of garlic
mustard and to remove any
existing populations.

Unlike many problem weeds,
garlic mustard is shade tolerant
and can successfully invade forest
habitats. Other locations include
roadsides, urban areas, riparian
areas, flood plains, hiking trails,
campgrounds, waste areas, and
dry, sunny areas along railroads.

In forested areas where garlic
mustard has become established, it
can dominate the ground
vegetation.

Growth Characteristics

Garlic mustard is a biennial herb

that can grow over 3 feet tall.

In the first year, the garlic
mustard plant consists of a
rosette of rounded green leaves
which persist over winter. The
rosette will continue to grow
during the winter months when
temperatures are above
freezing and when there is no
snow. The white taproot often
grows horizontally near the soll
surface before growing
downwards.

In early spring of the second
year of growth, the garlic
mustard plant sends up one to
as many as 12 unbranched
flowering stalks with alternate
heart-shaped or triangular
leaves. The small white flowers
are borne in a cluster at the end
of the stem. Typically, flower
production begins in May, and
seed production occurs from
June to October.

Like other mustards, the flower
has 4 petals in the form of a
cross. When crushed, the
leaves and root of this plant give
off a distinctive garlic odor. The
odor fades as the plant matures.

Garlic mustard prefers moist,
shady sites, although it can
tolerate full sun and various soil
moistures. It does not seem to
tolerate highly acidic soils.

Garlic mustard produces an
average of 350 to 8,000 seeds
per plant, and is self-pollinating,
which allows a single plant to
quickly produce enough plants
to dominate a site.

Seeds remain dormant for 8 to
20 months, and germinate
within 2 years. Garlic mustard
seeds germinate from late
February or early March until
late May. Germination can occur
in light or under the dark forest
canopy. Seeds can remain
viable for 5 years.

Germination rates range from
48 to 100%, but seedling
mortality is high. Summer
drought can cause 95%
mortality of first-year rosettes.
There is little mortality during
the second growing season.

Seeds are black, grooved, and
with an impermeable seed coat.
Grooves trap air, allowing seeds
to float short distances. Seeds
are dispersed primarily by
humans, animals, and vehicles.
Seeds can also be spread by
water, such as stream banks
disturbed by flooding.
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Control Options
Several management options are
available to control garlic mustard,
however, repeated treatments are
necessary with each. Remove any
surviving plants before they set
seed.
Mechanical

Hand-pulling — Hand-pulling is
effective as long as the entire root
system is removed.

Cutting — Cutting the stems at
ground level just before or during
flowering (but before seed set) is
also effective.

Herbicides

Herbicides are effective.
Glyphosate and 2,4-D amine can
be applied in spring and fall.
Bentazon (Basagran) is highly
effective for mid-summer control of
first-year rosettes.

Refer to herbicide labels for site-
specific control information.

Sources and suggested reading
U.S. Forest Service, online at:

http://iwww .fs.fed.us/database/feis/plants/forb/allpet/fire_effects.html

Control Options Using

FIRE AS A TOOL

Prescribed burning for 2
consecutive years for large sites
infested with garlic mustard is
effective for reducing the rosette
populations. However, if fires are
not hot enough, flower stalks
regenerate from the root crown,
which leads to higher seed
production, and high rates of
seedling survival after a fire.

When fire is used as a
management tool, it is highly likely
that additional control methods,
such as pulling or herbicide
application, will be necessary to
achieve acceptable levels of
control.

Washington State Noxious Weed Control Board, online at:
http://iwww.nwcb.wa.gov/weed_info/garlic%20mustard.html

Whatcom County Noxious Weed Control Board, online at:
http://iwww.co.whatcom.wa.us/publicworks/weeds/factsheets.jsp

Whatcom Weeds, Garlic Mustard, online at:
http://whatcom.wsu.edu/ag/homehort/weed/gmustard.htm

The biology of garlic
mustard makes it difficult to
control once it has
established. Garlic mustard
has a high seed production
rate, out-competes native
vegetation with early spring
germination, and can
establish in a relatively stable
forest understory. It is self-
fertile which means that one
plant can occupy a site,
produce a seed bank and
establish an infestation of
garlic mustard.

Garlic Mustaro
Source: http://plants.usda.gov/

ALTERNATIVES to AGRICULTURAL BURNING (11/2004)

Garlic Mustard
Page 2


http://www.fs.fed.us/database/feis/plants/forb/cenmac/fire_effects.html
http://www.nwcb.wa.gov/weed_info/gorse.html
http://www.co.whatcom.wa.us/publicworks/weeds/factsheets.jsp
http://whatcom.wsu.edu/ag/homehort/weed/gmustard.htm
http://plants.usda.gov/

Gorse is a Class B noxious weed in Washington.

Common Name: GOrse

Scientific Name: Ulex europaeus

History

Gorse is native to western and
central Europe, where it is
cultivated for hedgerows. In
France, it is used as forage for
livestock in areas of poor soil.
Gorse is a weed in more than 30
countries.

In the U.S., gorse is found on
the east coast from Virginia to
Massachusetts. On the west coast,
gorse is found from California to
British Columbia and in the
Hawaiian Islands.

Gorse was introduced as an
ornamental to Oregon when seeds
were brought from Ireland prior to
1894. Gorse was brought to
California before 1912 as “a bit of
ol Ireland.”

In Washington, gorse is
reported from 11 counties west of
the Cascade Mountains, with an
estimated 800 acres in Pacific
County. Gorse is a Class B noxious
weed in Washington, and also a
quarantine species (it is illegal to
buy or sell this species).

Where gorse adapts, it
increases rapidly, crowds out other
vegetation, and forms dense
thickets that render land almost
worthless. Usually gorse becomes
established on non-tillable land and
in inaccessible places, such as
fence rows and river banks, making
it difficult to control. It is persistent
and a fire hazard, and has the
ability to encroach on agricultural
and recreational lands.

Growth Characteristics

Gorse is a perennial, evergreen
shrub, and member of the legume
family. It grows from 3 feet to over
10 feet tall; sometimes to a
diameter of 30 feet with a center of
dead foliage. The root system
consists of a taproot, lateral roots
and adventitious roots. Seeds are
viable for 30 years or more. Gorse
can fix atmospheric nitrogen and
change soil chemistry to prevent
nutrient exchange. Gorse plants
live for an estimated 30 years.

Gorse prefers cool climates with
medium to high rainfall, but well-
drained sites, and a soil pH of 4.0
to 5.0. It does not survive extremes
in high or low temperatures or arid
sites.

Gorse reproduces primarily by
seed, but can also spread by
vegetative growth. Gorse usually
flowers in late winter or early spring
(January to March), but may flower
throughout the year depending on
the site. Bees are the primary
pollinators. Seeds are ejected from
the pods and fall within several feet
of the parent plant. Vehicles,
animals, ants, water, and possibly
birds, spread the seeds.

Germination occurs at any time
of the year if conditions are
favorable. Heat stimulates
germination; and a light burn will
produce a flush of seedlings.

Gorse can re-sprout from
stumps to produce flowers after 2
years; and it can produce flowers 6
months after rooting.

Control Options

Control of gorse can be considered
in two stages: 1) Control the
established plants; 2) Control the
new plants emerging from seeds.
The most effective control program
usually includes a combination of
herbicides, burning and cultivation
or mowing. Establish competitive
pasture species, forest trees or
other crops to help resist gorse
invasion as well as other weeds.

Herbicides

It is critical to thoroughly wet the
foliage with herbicides. Adding a
good quality surfactant usually
improves herbicide activity. The
best time to apply herbicides is
after bloom drop; however
applications at other times usually
give good control as well.

A few herbicides recommended
for gorse control include
glyphosate, Crossbow, Tordon,
Escort, Banvel, and 2,4-D LV ester.

Refer to the Pacific Northwest
Weed Management Handbook
online at: http://pnwpest.org/pnw/
weeds?33W_PROBO05.dat

Cultural

Cultivation that removes old
gorse crowns and brings them to
the surface is one of the best
methods of controlling gorse.

Growing annual crops for 2 to 3
years before seeding to permanent
pasture destroys many gorse
seedlings.
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http://pnwpest.org/pnw/weeds?33W_PROB05.dat
http://pnwpest.org/pnw/weeds?33W_PROB05.dat
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http://cru.cahe.wsu.edu/CEPublications/pnw0379/pnw0379.pdf
http://pnwpest.org/pnw/weeds
http://www.nwcb.wa.gov/weed_info/gorse.html












http://info.ag.uidaho.edu/pdf/PNW/PNW0437.pdf
http://info.ag.uidaho.edu/pdf/PNW/PNW0437.pdf
http://weedscience.org/in/asp
http://pnwpest.org/pnw/weeds



http://weedman.horsham.net.au/



http://plants.usda.gov/
http://www.ipm.ucdavis.edu/PMG/WEEDS/italian_ryegrass.html



http://mint.ippc.orst.edu/italianryebiol.htm
http://info.ag.uidaho.edu/pdf/PNW/PNW0437.pdf
http://www.ipm.ucdavis.edu/PMG/WEEDS/italian_ryegrass.html
http://weedman.horsham.net.au/
http://pnwpest.org/pnw/weeds
http://www.fs.fed.us/database/feis/plants/graminoid/lolmul/botanical_and%20ecological_characteristics.html
http://www.fs.fed.us/database/feis/plants/graminoid/lolmul/distribution_and_occurrence.html
http://www.fs.fed.us/database/feis/plants/graminoid/lolmul/fire_effects.html
http://www.fs.fed.us/database/feis/plants/graminoid/lolmul/management_considerations.html
http://oregonstate.edu/dept/weeds/articles/Clearfield%20wheat%20Extension%20bulletin.pdf









http://www.clearfieldsystem.com/
http://www.jointedgoatgrass.org/
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http://www.jointedgoatgrass.org/Publications/
http://www.jointedgoatgrass.org/Publications/
http://www.jointedgoatgrass.org/Publications/
http://pnwpest.org/pnw/weeds/
http://www.nwcb.wa.gov/weed_info/goatgrass.html
http://eesc.oregonstate.edu/
http://www.jointedgoatgrass.org/Manage/Manage.htm
http://pnwsteep.wsu.edu/
http://pnwsteep.wsu.edu/
http://pnwpest.org/pnw/weeds
http://oregonstate.edu/dept/weeds/
http://pnwpest.org/pnw/weeds









http://caheinfo.wsu.edu/
http://pnwpest.org/pnw/weeds
http://www.fs.fed.us/database/feis/plants/forb/acrrep/fire_effects.html
http://www.nwcb.wa.gov/weed_info/russianknapweed.html
http://weeds.ippc.orst.edu/pnw/weeds
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http://caheinfo.wsu.edu/
http://pnwpest.org/pnw/weeds
http://www.fs.fed.us/database/feis/plants/forb/cenmac/fire_effects.html
http://www.nwcb.wa.gov/weed_info/spottedknap.html
http://weeds.ippc.orst.edu/pnw/weeds
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http://www.fs.fed.us/database/feis/plants/forb/cenmac/fire_effects.html
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http://www.nwcb.wa.gov/education/saltcedar.html
http://www.nwcb.wa.gov/education/saltcedarfieldid.html
http:/