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Executive Summary

Integrated Pest Management, or IPM, is a scientific approach to pest management that
integrates biological, cultural, mechanical and chemical options to control pest problems.
The goals of IPM are to reduce risks to people and the environment by using pest biology,
environmental information and all available technology to reduce pest damage to acceptable
levels by the most economical means.

In 1993, the United States Department of Agriculture and Environmental Protection
Agency set a goal that integrated pest management would be practiced on 75% of U.S.
crop acreage by the year 2000. A 2001 review that found while some level of IPM had been
adopted on about 70% of U.S. crop acreage, chemical pesticide use had increased between
1992 and 2000, and there was only a slight decrease in the amount of the riskiest pesticides
used in the same period.

To document IPM adoption and impacts since that review, this report examined peer-
reviewed scientific literature and studies conducted by or on behalf of commodity groups
or other agriculture interests, published since the year 2000. The data show that many
IPM techniques have become so broadly adopted in the West they are now essentially
conventional pest management, and that these high levels of IPM adoption are contributing
to a reduction in pest-management risks to people and the environment. Western crops and
practices are unique, and the findings documented here may not be applicable nationally.

Key Findings
e IPM adoption is widespread in Western agriculture, with many prevention,
avoidance, monitoring and selective-suppression practices employed by a large
percentage of growers and on a majority of agricultural acreage.

e Pesticide use is declining overall, and in California has declined sharply per dollar
of food produced.

e In California, use of many of the most toxic classes of pesticides has declined,
although use of carcinogenic pesticides and toxic air contaminant pesticides has
increased.

¢ Pesticide residues are found on food at low concentrations, which are below the
legal tolerance limit set by the U.S. Environmental Protection Agency.




Introduction

Integrated Pest Management, or IPM, is
a scientific approach to pest management
that integrates biological, organic, cultural,
mechanical and chemical options to control
pest problems. The goal of IPM is to reduce
risks to people and the environment
by using pest biology, environmental
information and all available technology to
reduce pest damage to acceptable levels by
the most economical means.

In December 1977, the United States
Department of Agriculture adopted a policy
to develop and encourage the use of IPM. It
supported IPM research and demonstration
activities, and in 1993 the USDA and U.S.
Environmental Protection Agency renewed
the federal government’s commitment to
IPM by setting a goal that integrated pest
management would be practiced on 75%
of U.S. crop acreage by the year 2000 (U.S.
Government Accountability Office, 2001). In
2001, the U.S. Government Accountability
Office issued a report on IPM programs that
found while the USDA estimated some level
of IPM had been adopted on about 70% of
U.S. crop acreage, chemical pesticide use had
increased between 1992 and 2000, and there
was only a slight decrease in the amount
of the riskiest pesticides used in the same
period (U.S. GAO, 2001).

In the West during that period, IPM
was viewed as an expensive and risky pest-
management gamble by many growers.

A 1996 survey asked Utah tree-fruit
growers about the perceived impediments
of adopting IPM, and 100% cited higher
costs, 98% cited higher risks, and 98%
cited lower levels of control (Alston
and Reding, 1998). However, as
researchers improved and refined

IPM techniques and extension services
demonstrated and taught IPM practices,
attitudes toward IPM changed markedly.
Utah tree-fruit growers were resurveyed in
2009 and again asked about the perceived
impediments to adopting IPM, and only 23%
cited higher costs, 8% cited higher risks and
10% cited lower levels of control. The largest
perceived impediment in 2009 was lack of
knowledge, cited by 62% of growers (Murray
and Alston, 2011).

To document IPM adoption and impacts
in the years since the GAO report, this
review examined peer-reviewed scientific
literature as well as studies conducted by
or on behalf of commodity groups or other
agriculture interests, published since the
year 2000. This review documents both
the adoption of IPM in agriculture in the
Western United States, and the impact that
adoption has had.

The data show that many IPM techniques
have become so broadly adopted in the West
they are now essentially conventional pest
management, and that these high levels of
IPM adoption are contributing to a reduction
in pest-management risks to people and the
environment. This review is not limited to
projects funded by the Western IPM Center,
but rather is an overview of agricultural
IPM in the West generally. Western crops
and practices are unique, and the findings
documented here may not be applicable
nationally.




IPM Practices

The USDA'’s National Agricultural Statis-
tics Services collects data on IPM pest-man-
agement practices and groups those practices
into four categories: prevention, avoidance,
monitoring and suppression. This report ex-
amines the available data from each category
in turn.

Prevention

Prevention is the practice of keeping a
pest from infesting a field or site. At the state
and federal level, prevention includes quar-
antine and nursery-certification regulations.
At the farm level, prevention includes such
tactics as using certified pest-free planting
material, preventing weeds from reproduc-
ing, irrigation scheduling to avoid envi-
ronmental conditions conducive to disease
development, cleaning tillage and harvesting
equipment between fields or operations,
using field-sanitation procedures, and elimi-
nating alternate hosts or sites for insect pests
and disease-causing organisms.

Quarantine is generally a very cost-ef-
fective method of pest control since the
pest does not contact the host. One way to
demonstrate the economic benefits of quar-
antine is to examine the costs when quar-
antine efforts fail and a pest is introduced
to a new location. This occurred with the
introduction of the glassy-winged sharp-
shooter into California in the late 1990s. The
glassy-winged sharpshooter is an effective
vector for Pierce’s disease of grapes, which
was viewed as a minor chronic disease
problem in California prior to the introduc-
tion of glassy-winged sharpshooters from
the Southeast United States. California grape
production was valued at $3.2 billion in 2010
and winegrapes accounted for $2.1 billion of

that total. Because of the value of the indus-
try, federal, state, local and industry dollars
were spent on programs to slow the spread
of the glassy-winged sharpshooter and
Pierce’s disease. The estimated annual cost of
these programs is $104.4 million, with $48.3
million funded by various government agen-
cies and the University of California system,
and additional costs to the citrus and nurs-
ery industries to contain the spread of the
glassy-winged sharpshooter. Grape growers
bear $56.1 million in costs of lost production
and vine replacement. If the program was
discontinued and glassy-winged sharpshoot-
ers were allowed to become widely spread in
California, the costs to grape growers would
increase by $185 million (Alston et al., 2014,
Tumber et al., 2014). In another example, 25
invasive weeds in agriculture, rangeland,
forests and wildlands cost Oregon almost
$83.5 million in lost personal income, with
two species, Armenian blackberry and
Scotch broom, contributing $79.6 million
(The Research Group, 2014).

Using certified pest-free planting materi-
al is an excellent and economical method of
preventing the introduction of pests. Arizo-
na Administrative Code R3-4-233 requires
lettuce seed be tested and found free of
Lettuce Mosaic Virus in a 30,000 seed sample
per seed lot (Arizona Administrative Code).
Similarly in Monterey and Imperial counties
in California, county ordinances mandate
that all seed lots of commercial lettuce be
tested and have no Lettuce Mosaic Virus
per 30,000 seeds tested (Koike and Davis,
2009; Monterey County Agricultural Com-
missioner, 2014). The benefits of establishing
vineyards with certified Grapevine Leafroll-3
virus-free nursery stock in the North
Coast region of California is estimated




to be $52.7 million dollars per year (Fuller et
al., 2013). Conversely, Potato Virus Y infec-
tion of seed potatoes is estimated to cause a
116,000-ton yield loss in Idaho. This trans-
lates to a direct loss of $19.5 million a year
to the Idaho potato industry, and an indirect
loss of an additional $14.6 million a year to
the Idaho economy (Aryal, 2013).

The Agricultural Chemical Use Program
within USDA’s National Agriculture Statis-
tics Service conducts an annual survey of
U.S. farmers to collect information on pest
management practices, including specific
prevention avoidance, monitoring and sup-
pression activities (Figures 1-3 and Appen-
dix). Adoption of specific prevention practic
es varies from state to state and crop to crop.
However, Western farmers report high rates

of adoption of crop rotation, tillage of crop
residue, cultivation for weed control, man-
agement of weeds in field edges, sanitation
of equipment between fields, and irrigation
management (USDA-NASS, 2014a). Similar-
ly, Western grain storage facility managers
report high rates of adoption of sanitation
practices in and around the storage facilities
(USDA-NASS, 2014a). Detailed preven-
tion-practice adoption rates for specific crops
in Western states are available in the Appen-
dix.

In addition to the National Agriculture
Statistics Service data, there are numerous
studies conducted by researchers and com-
modity organizations that also show high
rates of adoption of prevention practices in
Western agriculture.

In Utah, 63% of tree-fruit growers re-
port high-to-moderate use of pruning out

diseased wood as a preventative
measure (Murray and Alston, 2011).

Arizona cotton growers use transgenic Bt
cotton, which contains endotoxins of the soil
bacterium Bacillus thuringiensis, and a pink
bollworm eradication program, which has
resulted in no insecticide applications for
pink bollworm since 2006 (Ellsworth et al.,
2012). In Arizona leafy-greens production,
growers routinely consider the pest impact
of neighboring crops and non-crop areas
when preparing to plant new plantings
(Palumbo and Castle, 2009). California rice
storage facilities use preventative strate-
gies to protect stored rice from pests. Prior
to loading with newly harvested rice, 93%
thoroughly clean storage facilities, 76.3%
treat structures with insecticide, and 66.1%
apply insecticide to areas surrounding stor-
age structures (Espino et al., 2014). California
cut-flower growers also use several preven-
tion methods to reduce damage from pests.
Just over 27% use a pest-free artificial sub-
strate that does not require pre-plant treat-
ment, such as rock wool or coir. Of the rest,
prior to planting new beds, 33% use steam
treatment, 21% apply compost teas, 15%
apply microbial inoculants, 15% use methyl
bromide, 8% use 1,3-dichloropropene, 8%
use metam sodium, and 5% use soil solariza-
tion (Ohmart and Arnold, 2011).

In 2013, Hawaiian nurseries, which ship
potted ornamental plants out-of-state, treat-
ed 96,000 plants with a value of $4.7 million
in an innovative, enclosed hot water shower
system to kill quarantine pests. The treat-
ment killed and removed 2,968 coqui frogs
and numerous arthropods, slugs, snails and
lizards, thus preventing potential rejection of
the shipments or distribution of an invasive
pest to a new state (Hara, 2014).




Widely Adopted IPM Practices in Western Vegetable Production

AZ| CA| CO| OR | WA
Crop acres cultivated for weed control + | + + | + +
Equipment and implements cleaned after field work to reduce spread
o | of pests + + + | + +
% Field edges, ditches, or fence lines were chopped, sprayed, mowed,
= | plowed or burned + | + | + ] +
S | No-till or minimum till used +
Plowed down crops residues using conventional tillage + + + +
Water management practices used + | + +
> Crop or plant variety chosen for specific pest resistance + | +
% Planting locations planned to avoid cross infestation of pests + | +
S | Planting or harvest dates adjusted +
& Rotated crops during the last 3 years + | + + | + +
Diagnostic laboratory services used for pest detection via soil or plant
tissue analysis + | + + | + +
Scouted - established procedure used + | + +
Scouted - for pests due to a pest development model + +
gg Scouted - for pests or beneficial organisms by deliberately going to
g the crop acres or growing areas + + + | + +
= Scouted for diseases s e e +
Scouted for insects and mites + | + | + | + +
Scouted for weeds + | + | + | + +
Weather data used to assist decisions + | + + | + +
Written or electronic records kept to track the activity of pests + + + | + +
o | Biological pesticides applied +
§ Ground covers, mulches, or other physical barriers maintained + + | + +
o | Pesticides with different mechanisms of action used to keep pest
g- from becoming resistant to pesticides + | + + +
i Scouting data compared to published information to assist decisions + +

Figure 1. Widely adopted pest management prevention, avoidance, monitoring and suppression
activities in vegetable production. A “+” denotes a practice adopted on 50% or more of vegetable-
production acres in the Western states surveyed as a part of the pest management practices survey.
Data reformatted from USDA-NASS survey results in 2011.




Avoidance

Avoidance occurs when pest popu-
lations exist in a field but the pest damage
can be avoided through cultural practices.
Avoidance tactics include rotation to a crop
that is not a host for the pest, choosing vari-
eties with genetic resistance to specific pests,
choosing varieties with maturity dates that
allow harvest before pest populations devel-
op, adjusting planting or harvesting dates to

avoid pests, fertilization and irrigation pro-
grams to promote good crop development
but not promote pests, and not planting in
areas where pest populations are likely to
cause crop failure. Some prevention and
avoidance strategies overlap in some crop-
ping systems.

Based on USDA-NASS pest-management
practice surveys, Western farmers report
high rates of adoption of crop rotation,

Widely Adopted IPM Practices in Western Fruit and Nut Production

CA | OR | WA

Crop acres cultivated for weed control + +
Crop acres irrigated + + +

o

] Crop residues removed or burned down +

<

° Equipment and implements cleaned after field work to reduce spread of pests + + +

=

S Field edges, ditches, or fence lines were chopped, sprayed, mowed, plowed
or burned + +
Water management practices used +
Diagnostic laboratory services used for pest detection via soil or plant tissue
analysis + +
Field mapping data used to assist decisions +
Scouted - established procedure used + +
Scouted - for pests due to a pest advisory warning +

§ Scouted - for pests due to a pest development model + +

>

=4 Scouted - for pests or beneficial organisms by deliberately going to the crop

o% acres or growing areas + + +
Scouted for diseases + + +
Scouted for insects and mites + + +
Scouted for weeds + + +
Weather data used to assist decisions + + +
Written or electronic records kept to track the activity of pests + + +
Floral lures, attractants, repellants, pheremone traps, or biological pest

¥ | control used + +

ie]

° Ground covers, mulches, or other physical barriers maintained +

o

a. Pesticides with different mechanisms of action used to keep pest from

S becoming resistant to pesticides + + +
Scouting data compared to published information to assist decisions + +

Figure 2. Widely adopted pest management prevention, monitoring and suppression activities in fruit
and nut production. A “+” denotes a practice adopted on 50% or more of fruit and nut acres
in the Western states surveyed as a part of the pest management practices survey. Data
reformatted from USDA-NASS survey results in 2012.




selecting crops or varieties based on specific
pest resistance, and adjusting planting or
harvesting dates to avoid pest activity (Fig-
ures 1-3) (USDA-NASS, 2014a). In California
and Oregon nursery and floriculture produc-
tion, one-third or more of operations report
adjusting plant density, growing plants on
structures elevated off the ground, and using
sterilized growing media to avoid pests (US-
DA-NASS, 2014a). Detailed avoidance-prac-
tice adoption rates for specific crops in West-
ern states are available in the Appendix.

In the Lodi winegrape-growing region of
California, more than 50% of growers report
using leaf pulling to avoid insect, mite and
disease problems on grape clusters (Ohmart,
2008). Leaf pulling involves removing the
leaf opposite the grape cluster and one leaf
distal and apical from the cluster in order to
open the canopy around the grape cluster to
reduce relative humidity and increase light
penetration. Workers remove the leaves by
hand just after fruit set since later remov-
al can cause sunburn of the berries. More

Widely Adopted IPM Practices in Western Winter Wheat Production

CO|ID|MT|OR|[ WA
Equipment and implements cleaned after field work
to reduce spread of pests + + + + +
- Field edges, ditches, or fence lines were chopped,
E sprayed, mowed, plowed or burned + +
® Field left fallow previous year to manage insects
g- No-till or minimum till used + + + +
= Plowed down crops residues using conventional
tillage +
Seed treated for insect or disease control after
purchase + + + +
Crop or plant variety chosen for specific pest
Avoidance resistance + + + +
Rotated crops during the last 3 years + + + + +
Scouted - for pests or beneficial organisms by
deliberately going to the crop acres or growing areas + + + + +
g Scouted for diseases + + + + +
?,- Scouted for insects and mites + + + + +
S Scouted for weeds + + | + + +
@ Weather data used to assist decisions + + + +
Written or electronic records kept to track the activity
of pests + + +
Suppression Gro_unc! covers, mulches, or other physical barriers
maintained + + +

Figure 3. Widely adopted pest management prevention, avoidance, monitoring and suppression
activities in winter wheat production. A “+” denotes a practice adopted on 50% or more of winter
wheat acres in the Western states surveyed as a part of the pest management practices survey.
Data reformatted from USDA-NASS survey results in 2013.




than 50% of growers employ dust reduction
practices to avoid conditions conducive to
mite damage and use irrigation management
to avoid conditions conducive to diseases
(Ohmart, 2008).

In Monterey County, California, host-free
periods are mandated by county ordinance
in order to break pest cycles. The county
mandates a lettuce-free period (including
endive and escarole) from December 7 to 21
each year in order to break plant-to-plant
aphid transmission of Lettuce Mosaic Virus.
The county mandates a celery-free period of
the month of January each year in order to
break aphid transmission of Western Celery
Mosaic Virus. Monterey County also man-
dates that no Lombardy poplar be grown
in the Salinas and Pajaro valleys in order to
avoid providing an overwintering host for
the lettuce root aphid (Monterey County
Agricultural Commissioner, 2014).

In Arizona leafy-greens production,
growers manage irrigation, fertility and soil
salinity to avoid conditions conducive to
pest outbreaks (Palumbo and Castle, 2009).
In Utah vegetable production, 79% of grow-
ers rotate crops and 37% use resistant vari-
eties as pest-avoidance practices (Murray et
al., 2011). Similarly in New Mexico, 75% of
small-scale growers use crop rotation and
64% use resistant varieties to avoid losses to
pests (Grasswitz and Gomez, 2012). In Cal-
ifornia cut-flower production, 29% use crop
rotation and 23% grow perennial flowers to
avoid pest losses (Ohmart and Arnold, 2011).

Monitoring

Proper identification of pests and mon-
itoring through scouting programs — in-
cluding trapping, weather monitoring,
disease-forecasting models, degree-day
pest-development models and soil testing
— are the basis for suppression activities.
Records of pest incidence, population and
distribution should form the basis for crop
rotation, variety selection, economic thresh-
olds and suppressive actions.

Based on USDA-NASS pest manage-
ment practice surveys, scouting for diseases,
insects, mites and weeds is performed on
greater than 90% of the acreage for vegetable,
fruit and nut crops and greater than 60% of
the acreage in potato and small grain crops
in all Western states surveyed. In addition,
many growers report using laboratory diag-
nostic services, scouting based on pest-devel-
opment models or pest advisories, and using
weather data to assist in pest-management
decision-making (Figures 1-3) (USDA-NASS,
2014a). Detailed monitoring practice adop-
tion rates for specific crops in Western states
are available in the Appendix.

The Integrated Pest Management-Pest
Information Platform for Education and
Extension (ipmPIPE) is a national online sys-
tem for gathering monitoring and scouting
reports for specific pests in soybean, corn,
legumes, cucurbits, onions and pecans. The
information, along with supporting exten-
sion commentary and pest alerts, is available
to growers and pest control professionals
(VanKirk et al., 2012). Growers in Western
states use the legume, onion and pecan
ipmPIPEs because those crops are grown in
the West, so a portion of the national impact
of these programs accrues in the Western




Region. The legume ipmPIPE site had an
average of more than 69,000 hits per month
through the summer of 2010 (Langham et al.,
2011). The onion ipmPIPE site was accessed
more than 5,000 times per year. Onion grow-
ers, who used pest-monitoring information
provided by the online onion ipmPIPE tool,
increased yields by 250 pounds per acre and
reduced pesticide costs by $390 per acre
(Schwartz et al., 2014). The pecan ipmPIPE
site was accessed more than 41,000 times per
year, which is significant given that the pe-
can stakeholder community is approximately
5,000 people (Calixto et al., 2011).

Fruit and Nut Crops: In the Milton-Free-
water area of Oregon, apple growers have
shared codling moth trap counts through an
online and email system since 2007. Current-
ly, all 55 apple growers in the area partici-
pate in the codling moth areawide mating
disruption program. Apple growers in the
area reduced total insecticide applications
from 22,145 pounds in 2007 to 6,054 pounds
in 2010 and that level has been maintained
for at least three years. In the same peri-
od, maximum in-stream concentrations
of chlorpyrifos have been reduced 90% as
compared to 2006 levels (Kaiser et al. 2013).
This program received the national Search
for Excellence-Sustainable Agriculture award
from the National Association of County
Agricultural Agents in 2014 (www.aces.edu/
aacaa/nacaa2014).

An online decision-aid system for the
tree-fruit industry developed by Washington
State University supports increasingly com-
plex IPM programs for Pacific Northwest
tree fruit. The system uses insect and disease
models and a network of weather stations to
provide information on pest-control decision

timing. Pest management professionals who
use the decision-aid system provide recom-
mendations for most of the orchards and
most of the acres in the state. User surveys
estimate the system'’s value at $73.75 to
$75.77 per acre, which translates to a state-
wide value of $15.8 to $16.3 million per year
(Jones et al., 2010). More than 80% of Wash-
ington apple growers use degree-day models
to predict pest development, routinely mon-
itor for pests, and use pheromone traps for
codling moth (Goldberger et al., 2013). Also,
most Utah tree-fruit growers scout for pests
weekly and some also monitor for beneficial
insects (Murray and Alston, 2011).

High percentages of California pear
growers use very specific seasonal practices
for monitoring pests integrated with pher-
omone traps, degree-day models with bio-
fix data, and weather data. Figures 4 and 5
illustrate impressive adoption rates for very
specific scouting and monitoring practices
(SureHarvest, 2013). The also adopt oth-
er IPM practices: 91.7% of California pear
growers have their orchards scouted by a li-
censed pest control advisor and they monitor
at least twice per year for ground squirrels
(83.3%), gophers (79.2%), and voles (70.8%)
(SureHarvest, 2013). Most Oregon pear
growers (91%) use the services of pest man-
agement consultants and meet with them
weekly (43%) or every two to three weeks
(44%). When asked about changes in mon-
itoring practices from 2008 to 2010, 32.3%
increased monitoring for insect pests, 25.8%
increased use of pheromone or sticky traps,
and 21.4% increased monitoring for natural
enemies (Goldberger, 2011a). Similarly, 90%
of Washington pear growers use the
services of pest management consul-




Dormant-Season Pest Monitoring in California Pear Production

During the dormant season, the following activities were performed:

Dormant spurs were
examined for European
red mite eggs

Dormant spurs were examined
for pear rust mite and
pearlesf blister mite

If sampling in February,
dormant spurs were examined
for Pear psylla

Presence/absence of predatory
mites was recorded

Shoots were examined
for San Jose scale
and pear scab lesions

Scouting included

looking under
bark for mesalybugs

None of the above

875%

0% 20%

y
40 %

60 % 80 % 100 %

Figure 4. Rates of adoption of specific dormant season pest monitoring activities in California pear

production (SureHarvest, 2013).

tants and meet with them weekly (54%) or
every two to three weeks (29%). When asked
about changes in monitoring practices from
2008 to 2010, 27.5% increased monitoring for
insect pests, 22.1% increased use of phero-
mone or sticky traps, and 17.6% increased
monitoring for natural enemies (Goldberger,
2011Db).

California almond growers report rely-
ing on state-licensed pest control advisors
(PCAs) for IPM advice. Almond PCAs use
specific monitoring practices for peach twig
borer, San Jose scale, mites, navel orange-
worms, ants, predatory mites and six-spotted
thrips, and incorporate degree-day models
into their IPM plans. Almond growers rely

on PCAs most heavily for insect
management advice, less for dis-

12

ease management advice and least for weed
management advice (Brodt et al., 2005). In
Oregon, hazelnut (also called filbert) grow-
ers scout for filbert aphid, filbert leafroller,
obliquebanded leafroller and eastern filbert
blight and use pheromone traps for filbert-
worm (Olsen, 2002). Most California walnut
growers (90%) rely on the services of PCAs
and meet with them more than once per
week (17%), once a week (33%), or every two
to three weeks (25%). In addition, 48% of
California walnut growers used degree-day
calculations to predict codling moth genera-
tions in 2009. When asked about changes in
pest monitoring practices from 2007 to 2009,
20% increased monitoring for insect pests,
14% increased use of pheromone or sticky
traps, and 11% increased monitoring for nat-




Fruit-Harvest Pest Monitoring in California Pear Production

During harvest fruit was checked for feeding damage caused by:

Codling moth

Obbquebanded leafroller

Plant bugs (boxelder.
lygus. stink)

Katydids

Mealybugs (grape.
obscure)

Pearleaf blister mite
Pear rust mite

San Jose scale

Pear scab lesions

(primary or secondary)
N —

New or unusual
damage or pests

All Other Responses

'
0% 20%

T
40 %

60 % 80 % 100 %

Figure 5. Rates of adoption of specific fruit harvest pest monitoring activities in California pear

production (SureHarvest, 2013).

ural enemies (Goldberger, 2010).

In 2013, winegrape growers in one re-
gion of Napa Valley formed the Leafroll and
Mealybug Alliance to address local spread
of Grapevine Leafroll-associated Virus-3 by
grape mealybugs. The growers represent
1,900 continuous acres of winegrape vine-
yards. Growers meet monthly to coordinate
mealybug trapping activities, share trap
counts, and plan mealybug and leafroll man-
agement activities (Arnold et al., 2014). In the
Lodi winegrape-growing region of Califor-
nia, more than 50% of growers report moni-
toring more frequently and more systemati-
cally than in previous years. They have also
increased monitoring for beneficial insects
and used weed monitoring to make herbi-
cide application decisions (Ohmart, 2008).

Adoption of weather-based disease-fore-
casting models is another method of mon-
itoring. Lybbert et al. (2012) document that
growers’ responses to disease forecasts are
more complex than lengthening or short-
ening spray intervals based on disease
forecasting. Their data combines surveys
of California winegrape growers who have
and have not adopted the Gubler-Thomas
Powdery Mildew Index with pesticide ap-
plication data from the California Pesticide
Use Reporting system. The results suggest
that Powdery Mildew Index adopters and
non-adopters have similar powdery mildew
management strategies at low disease fore-
cast values. At high disease forecast values,
adopters are more aggressive in their
response than non-adopters: shifting

13




from sulfur to synthetic fungicides, increas-
ing fungicide dosage rates, and tank-mixing
multiple fungicides (Lybbert et al., 2012).
These are the kinds of changes in powdery
mildew management practices recommend-
ed by UC IPM guidelines (Gubler et al.,
2014).

Agronomic Crops: In Arizona, the cotton
IPM program stresses the importance of
routine scouting and monitoring for pests
and beneficial insects. All commercial cot-
ton acres in Arizona are scouted by state-li-
censed pest control advisors (Naranjo and
Ellsworth 2009; Ellsworth et al., 2012). In
California, 88% of cotton growers monitored
for Lygus bug, 87% for spider mites and
90% for aphids. Most growers monitor weed
populations in their fields but do not keep
records or monitor weeds in untreated areas
or sample for weed-seed abundance. Cali-
fornia cotton growers rely on state-licensed
PCAs for pest management and follow their
recommendations 88% of the time for in-
sects, 73% of the time for diseases, 70% of
the time for weeds, and 61% of the time for
nematodes. Cotton growers report that PCAs
scout their fields once or twice per week
(Brodt et al., 2007).

During California rice storage, 97% of op-
erators monitor rice during storage — usually
every one to two weeks — and 81% monitor
rice temperature. However, there are also
opportunities for improved education since
more that 20% of operations that stored rice
on-farm did not know the names of the main
rice storage insect pests (Espino et al., 2014).

Vegetable Crops: Arizona and Southern
California growers produce 95% of the leafy

salad greens consumed in the United
States in the fall and winter months.

State-licensed PCAs scout 100% of lettuce
acres at least three to four times per week
and growers pay an average of $20 per acre
for this service (Palumbo and Castle, 2009).
In New Mexico, 94% of small-scale grow-
ers regularly monitor for pest damage, 90%
check for beneficial insects, 35% use in-
sect-monitoring traps, and 30% keep moni-
toring records (Grasswitz and Gomez 2012).
In Utah, 69% of vegetable growers monitor
for pests, 66% base their spray decisions on
monitoring, 32% base their spray decisions
on thresholds, and 35% identify beneficial
insects when monitoring. The Utah survey
asked growers to classify themselves as
conventional (75%), IPM practitioners (17%)
or organic (18%), and asked for adoption
rates of 13 specific IPM practices. While
self-identified IPM growers used more IPM
techniques than the other groups, 65% of the
growers used four to seven IPM practices
and 23% used eight or more regardless of
their self-identification (Murray et al., 2011).

Ornamental Crops: In California cut-flow-
er production, 83% of growers monitor
plants at least once per week for pests and
62% use economic thresholds to determine
when to apply pesticides (Ohmart and Ar-
nold, 2011).

Suppression

Suppression practices control infesta-
tions when pest levels become economically
damaging. These practices include applying
biological or chemical pesticides, preserving
or releasing beneficial organisms that reduce
pest populations, and using pheromones to
disrupt mating.

In USDA-NASS pest management prac-
tice surveys, crop growers in all Western




states have moderate to high rates of adop-
tion of using ground covers, mulches or
physical barriers to prevent pests, compar-
ing scouting data to published information
to assist with decision making, and using
pesticides with different modes of action to
prevent pests from developing resistance
(Figures 1-3) (USDA-NASS, 2014a). Detailed
suppression-practice adoption rates for spe-
cific crops in Western states are available in
the Appendix.

Fruit and Nut Crops: Oregon hazelnut
growers implemented filbertworm moth
trapping thresholds and shifted from using
organophosphates to pyrethroids to con-
trol filbertworm, resulting in a reduction of
active ingredient insecticides for filbertworm
from 88,000 pounds in 1981 to 3,200 pounds
in 1997 — a 96% decrease. The filbert aphid
parasitoid, Trioxys pallidus, was introduced
into Oregon in the late 1980s and became
well established in hazelnut orchards. This
classical biological control allowed hazel-
nut growers to reduce the amount of pes-
ticide applied for filbert aphid from 15,010
pounds in 1981 to 970 pounds in 1997 — a
93% decrease. Hazelnut growers” adoption
of leafroller thresholds reduced the number
of insecticide treatments for leafrollers from
once every spring to an average of once ev-
ery four years (Olsen, 2002).

California almond growers were sur-
veyed in 2000 as a follow up to a 1985
pest-management practices survey. By 2000,
almond growers had reduced the number
of insecticide spray applications throughout
the year by implementing an IPM program.
Dormant season insecticide sprays declined
from 93% to 61% of growers, May sprays
declined from 78% to 22%, and hull-split

sprays declined from 82% to 59% (Brodt et
al., 2005). With the support of a grower-ed-
ucation program (Goodhue et al. 2010),
California almond growers significantly
reduced dormant season organophosphate
applications between 1993 and 2010 (Epstein
and Zhang, 2014). California walnut growers
consider human health impacts, economic
cost and environmental impacts when mak-
ing pest-management decisions. Specifically,
74.8% ranked human health impacts as a
very important factor, 75.6% ranked econom-
ic cost as a very important factor, and 60.3%
ranked environmental impacts as a very
important factor. In their practices, 29.7%
reduced their use of insecticides harmful to
non-target species from 2007 to 2009, 35.2%
increased their use of insecticides that are
less harmful to non-target species from 2007
to 2009, and 54% used one or more biological
control practice in 2010 (Goldberger, 2010).
In stone fruits, California growers reduced
organophosphate use primarily by switching
to pyrethroids (Epstein and Bassein, 2003).
California pear growers rely on mating
disruption to control codling moth and use
biologically intensive IPM to control other
arthropod pests (Weddle et al., 2009). The
transition from organophosphate appli-
cations to mating disruption resulted in a
savings of $100 to $208 per acre in opera-
tional costs (Varela and Elkins, 2008). High
percentages of California pear growers
report considering environmental effects
when selecting pesticides, taking specific
steps to reduce pesticide drift, maintaining
records of pesticide applications and moni-
toring performance of pesticide applications
(Figures 6 and 7). Also, 91.7% have an
orchard-floor vegetation management




Pesticide Data Collected in California Pear Production

For commonly applied pesticides, the following data sources have been collected by the person
responsible for application decisions:

Impact on natural enemies
- for example. information
can be found in

Potential for water quality
problems - for example.
by using the UC |

Impact on aquatic
invertebrates - information can
be found in UC ANR

Availability of formulations
other than emulsifiable
concentrate (EC)

None of the above

0% 20%

40%

60 % 80 % 100 %

Figure 6. Rates of adoption of specific pesticide information gathering activities in California pear

production (SureHarvest, 2013).

program and 73.9% have a written pesticide
drift-management plan (SureHarvest, 2013).
Oregon pear growers consider human health
impacts, economic cost and environmental
impacts when making pest management
decisions. Specifically, 76.2% ranked human
health impacts as a very important factor,
65.4% ranked economic cost as a very im-
portant factor, and 62.4% ranked environ-
mental impacts as a very important factor.
In their practices, 58.8% reduced their use
of insecticides harmful to non-target species
from 2008 to 2010, 58.6% increased their
use of insecticides that are less harmful to
non-target species from 2008 to 2010, and
83% used one or more biological
control practice in 2010 (Goldberger,
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2011a). Similarly, Washington pear growers
consider human health impact, economic
cost and environmental impacts when mak-
ing pest management decisions, with 67.5%
ranking human health impacts as a very im-
portant factor, 59.9% ranking economic cost
as a very important factor and 51.1% ranking
environmental impacts as a very important
factor. In their practices, 43% reduced their
use of insecticides harmful to non-target
species from 2008 to 2010, 40.1% increased
their use of insecticides that are less harmful
to non-target species from 2008 to 2010, and
73% reported using one or more biological
control practice in 2010 (Goldberger, 2011b).

In 2006, U.S. EPA began a six year
phase-out of the organophosphate insecti-




Pesticide Record Reviews in California Pear Production

Are pesticide records reviewed for the following?:

Pesticide use efficiency
e g, lbs or dollars per
unit of production

Any reductions realized
through transitioning to
reduced nsk or non-

Performance of pesticides
most at nsk of resistance
to detect and re

Performance was evaluated
through in-field check
or comparison blocks

Performance was evaluated
through post-treatment
pest counts in feld

Performance was evaluated

through laboratory testing
of samples colle

None of the above

0% 20%

40 %

60 % 80 % 100 %

Figure 7. Rates of adoption of specific pesticide record review activities in California pear production

(SureHarvest, 2013).

cide azinphos-methyl, which had been the
primary pesticide used to control codling
moth in apples. In 2009, larger apple growers
(measured as acreage and income from apple
production) were more likely to have already
reduced or eliminated their azinphos-methyl
use (Goldberger et al., 2011). Following the
six-year phase out of azinphos-methyl, most
Washington state apple growers reported a
decline in use of all organophosphate in-
secticides and an increase in the use of low-
er-risk, non-organophosphate insecticides
(Goldberger et al., 2013). Apple growers in
Washington and pear growers in Oregon

are willing to pay more for pesticides with
lower toxicity to insect natural enemies.
Based on in-person interviews, apple grow-

ers in Washington are willing to pay $26.03
to $26.60 an acre for pesticides with lower
toxicity for control of first generation codling
moth. Pear growers in Oregon are willing
to pay $33.37 to $40.06 an acre for the same
feature (Gallardo and Wang, 2013). Utah tree
fruit growers report high-to-moderate use of
plantings to promote beneficial insects, rota-
tion of pesticide mode of action and sprayer
calibration (Murray and Alston, 2011).
California citrus growers vary in their
reliance on biological control through nat-
ural enemies of cottony cushion scale, Cali-
fornia red scale, citrus thrips and citrus red
mite. Growers who mostly or entirely rely
on natural enemies for pest control
varies from 9.9 to 23.1% depending on
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growing region and specific pest (Grogan
and Goodhue, 2012). In Hawaii, 30 growers
representing 172 acres cooperate in a three-
pronged, areawide fruit fly suppression
program. Growers report decreased fruit fly
infestation and crop damage (Hara, 2014)

In the Lodi winegrape-growing region
of California, more than 50% of growers
surveyed use cover crops for natural enemy
refuges and use reduced rates of insecticides
and miticides. For weed management, more
than 50% use reduced rates of herbicides and
use contact herbicides but not pre-emergent
herbicides. In addition, more than 50% of
growers have installed owl nesting boxes for
rodent suppression (Ohmart, 2008). In the
southern San Joaquin Valley of California,
fresh market grape growers implemented
IPM practices that resulted in a 42% reduc-
tion in organophosphate and carbamate in-
secticide use from 1999 to 2007. The pesticide
use data was obtained from the California
Pesticide Use Report database. In California,
growers must report all pesticide applica-
tions to the California Department of Pesti-
cide Regulation (Bentley, 2009).

Pest-suppression activities rely on good
knowledge of pest biology and the correct
time to implement suppression tactics. How-
ever, with wood-rotting fungi of perennial
crops, there is a long delay between infection
and disease symptoms. The delay makes
adopting disease-control methods many
years before seeing symptoms a challenge,
but also illustrates the benefits of timely
suppression in other crops. Surveys of grape-
vine trunk-disease management practices in
several grape-growing regions in California

document that growers typically
begin control practices for grapevine
trunk diseases several years after the

initial infection period. Economic analyses
of the costs of delayed pruning, applying
pruning wound protectants or double prun-
ing indicates that, if implemented early,
these practices increase profits and extend
the profitable lifespan of a vineyard (Hillis et
al., 2013).

Agronomic Crops: In Arizona cotton
production, insect suppression activities
include planting transgenic Bt cotton and
using whitefly-specific insect growth reg-
ulators and Lygus bug feeding inhibitors.

To gauge the success of the program, the
Arizona Pest Management Center conducts
in-depth, annual cotton pest-loss surveys.
Cotton pest control advisors quantify the
impact of insects and weeds on cotton yields
and economic returns, and provide data on
insecticide and herbicide use. The data from
1991 to 2011 document significant reduc-
tions in the use of broadly toxic insecticides,
reductions in the total number of insecticide
applications, reductions in foliar insecticide
costs per acre, and that no insecticide appli-
cations have been needed for pink bollworm
since 2006 (Figures 8 and 9) (Naranjo and
Ellsworth, 2009; Ellsworth et al., 2012). The
Arizona IPM program for whitefly in cotton
has reduced foliar-applied insecticides by
70% and generated more than $200 million
in control-cost savings and increased yield
(Naranjo and Ellsworth, 2009; Ellsworth et
al., 2012). In California cotton production, all
growers reported using cultivation for weed
management, 94% select herbicides based on
the weed species identified during monitor-
ing, 73% hand-hoe and 63% hand-pull, rouge
or physically remove weeds from fields
(Brodt et al., 2007).

In California rice storage facilities, none
of the operators treated rice with insecti-




cides as it is put into storage. After rice is in
storage, 93% fumigate the rice if insects are

found during monitoring (Espino et al. 2014).

Vegetable Crops: The Arizona Pest Man-
agement Center conducts in-depth, annu-
al lettuce pest-loss surveys, similar to the
cotton surveys described above. Lettuce
pest control advisors quantify the impact
of insects, weeds and disease on yields and
provide data on pesticide use. The data from
1991 to 2011 document significant reductions
in the use of broadly toxic insecticides and
increases in the use of selective insecticides
(Figure 10) (Ellsworth et al., 2012). For ex-
ample, in the past 10 years the use of older,
broadly toxic insecticides (organophos-

phates, carbamates, endosulfan) has dropped
significantly, whereas the use of newer,
softer, reduced-risk chemistries (for example,
spinetoram, imidacloprid and diamides) has
increased (Palumbo 2014). By 2009, selective
insecticides were used on more acres of let-
tuce than broadly toxic insecticides for first
time (Palumbo and Castle 2009).

In Utah vegetable production, 37% of
growers rotate pesticides as a method of
preventing pesticide resistance (Murray et
al., 2011). In New Mexico, 65% of small-scale
growers grow insectary plants to promote
higher populations of the beneficial insects
to suppress pest insects (Grasswitz and Go-
mez, 2012).

Insectide Use Patterns in Arizona Cotton Production
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Figure 8. Arizona average cotton insecticide use patterns from 1991 to 2011. Broad spectrum
(upper left) and reduced-risk (upper right) insecticide use per acre. All insecticides (lower left)
and costs, including applications costs, (lower right) per acre (Ellsworth et al. 2012).
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Insectide Use in Arizona Cotton Production, 1990 to 2011
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Figure 9. Arizona average cotton insecticide use from 1990 to 2011 by key pest targeted by the

application (Ellsworth et al. 2012).

In Hawaiian vegetable production,
growers are integrating soil solarization and
herbicide application to decrease frequency
and volume of herbicides applied (Hara,
2014). Hawaiian crucifier crop growers on
the islands of O’ahu and Hawai’i coordinat-
ed area-wide insecticide rotations to reduce
the risk of diamondback moth developing
insecticide resistance (Hara, 2014).

In Oregon, noxious weed suppression
using integrated vegetation management de-
creased the economic impacts of 19 noxious
weeds species from $101.5 million in 2000 to
$43.1 million in 2014 (The Research Group,
2014).

Ornamental Crops: When Califor-
nia cut-flower producers use pesti-
cides, 76% select least-toxic pesticides
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for normal pest management, 18% use only
Organic Materials Review Institute-ap-
proved pesticides, 80% rotate pesticides to
prevent pesticide resistance, and 50% use
the Resistance Action Committee numbering
system as a basis for pesticide rotation. After
a pesticide application, 70% use some meth-
od to evaluate the effectiveness of pesticide,
such as post-treatment pest counts or dollars
of pesticide per unit of production (Ohmart
and Arnold, 2011).

Impacts of IPM Adoption

A goal of integrated pest management is
to reduce the risk pest-management practices
pose to human health and the environment.
This reduction in risk can be measured in a




Insectide-Use Patterns in Arizona Lettuce Production
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Figure 10. Arizona average lettuce insecticide use patterns per acre from 1991 to 2011. Broad spectrum
and reduced risk insecticide applications (upper left). Details of organophosphate (upper right),
endosulfan (lower left) and carbamate (lower right) (Ellsworth et al. 2012).

variety of ways — in the total amount of pes-
ticides used, in the amount of the most-toxic
categories of pesticides used, in pesticide
residues on food, and in pesticide contami-
nation in water supplies. The general trends
in all of these categories are decreasing, al-
though use of some of the most-toxic catego-
ries of pesticides has increased.

Pesticide Use Data

One barrier to evaluating the effective-
ness of integrated pest management pro-
grams is the difficultly in accurately mea-
suring pesticide usage. Only California and
Arizona require users to report pesticide us-
age, and the most commonly reported mea-

sure of pesticide usage is the total pounds of
active ingredient applied — a measurement
that does not account for differences in pest
specificity, relative toxicity, environmental
persistence and the off-site movement poten-
tial of the pesticides.

Nationwide pesticide use, measured in
pounds of active ingredient applied, has de-
clined from a high in the early 1980s in part
due to improved IPM programs for pests in
agriculture. In addition, the environmental
persistence, rate of application and toxicity
of pesticides used has declined in compari-
son to the 1970s (Fernandez-Cornejo et
al., 2014). National-level pesticide-use
data is dominated by pesticide use on
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large acreages of corn and soybeans, which
are not widely grown crops in the Western
Region. Data for other crops in the national
database - rice, cotton, oranges and toma-
toes — are not representative of Western pest
issues due to differences in climate. For ex-
ample, cotton grown in Arizona and Califor-
nia has significantly lower insect and disease
pressure than the Southeastern United States
due to the arid climate of the Southwest.

In California, all agricultural pesticide
use is reported to county agricultural com-
missioners for submission to the California
Department of Pesticide Regulation, which
releases an annual report of all non-home-
owner pesticide use in the state. Total
pounds of pesticide active ingredient fluc-
tuates year to year based on weather pat-
terns and shifts in crop production, but has
decreased from approximately 191 million
pounds in 1995 to about 172 million pounds
in 2012 — a 10% decrease (Figure 11) (Cali-

fornia Department of Pesticide Regulation,
2014a). However, that decrease occurred
while the state’s agricultural production
increased sharply. California’s agricultur-

al gross cash income increased from $22.1
billion on 29.3 million acres in 1995 to $44.7
billion on 25.4 million acres in 2012 —a 102%
increase (USDA-NASS, 2014b). For compar-
ison, the cumulative rate of inflation during
that period was 40.9% (United States Bureau
of Labor Statistics). The average value of
agricultural production per acre increased
from $754 an acre in 1995 to $1,760 an acre in
2012 (Figure 12). Contributing to the increase
in gross cash income were shifts in crops
produced from lower-value to higher-value
crops, and increases in crop yields. Examples
of shifts in crop production were a decrease
in cotton acreage from 1,175,800 acres in 1995
to 365,000 acres in 2012 and an increase in
pistachio acreage from 60,300 acres in 1995
to 153,000 acres in 2012 (California Depart-

Pounds of Pesticide Active Ingredient Applied in California, 1995-2012
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Figure 11. Total pounds of active ingredient applied in agricultural production in California
from 1995 to 2012. Data obtained from California Department of Pesticide Regulation (2014a).
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Dollar Value of Agricultural Production per Acre in California, 1995-2012
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Figure 12. Average California agricultural production value per acre from 1995 to 2012. Total
agricultural production value and number of acres in agricultural production obtained from California
Agricultural Statistics Review (California Department of Food and Agriculture).

ment of Food and Agriculture). An example
of increasing crop yields is the increase in
processing tomato yields from an average

of 33.4 tons per acre in 1995 to an average of
46.5 tons per acre in 2012 — and yields of over
60 tons per acre were not uncommon in 2012
(Geisseler and Horwath, 2013).

The downward trend in total pounds of
pesticide active ingredient applied and the
simultaneous upward trends in higher value
crops and increasing crop yields has been
achieved, in part, by widespread adoption of
IPM in California. In 1995, California grow-
ers applied 8.6 pounds of pesticide active
ingredients for every $1,000 of gross cash
income. In 2012, they applied 3.8 pounds per
$1,000 — less than half the 1995 rate (Figure
13).

In California, usage trends are also
decreasing for some of the most-toxic pes-
ticides, which include pesticides on Cali-

fornia’s list of chemicals “known to cause
reproductive toxicity,” cholinesterase-inhib-
iting pesticides and pesticides designated

as having the potential to pollute ground
water (California Department of Pesticide
Regulation, 2014a). For chemicals known to
cause reproductive toxicity, use has declined
from nearly 40 million pounds in 1995 to
13.4 million pounds in 2012 — a more than
60% decrease (Figure 14). Use of cholinester-
ase-inhibiting pesticides has dropped from
more than 15 million pounds in 1995 to 4.1
million pounds in 2012, a more than 70%
decrease (Figure 15). The use of pesticides
designated as having the potential to pollute
ground water has declined from more than
two million pounds in 1995 to 1.1 million
pounds in 2012 — an approximate 50% de-
crease (Figure 16).

For pesticides identified by the
U.S. EPA as B2 carcinogens or on the
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Pounds of Active Ingredient Applied per $1,000 Produced in California, 1995-2012
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Figure 13. Average pounds of active ingredient applied per $1,000 value of agricultural production
from 1995 to 2012. Data obtained from Pesticide Use Annual Summaries (California Department of
Pesticide Regulation) and California Agricultural Statistics Review (California Department of Food and

Agriculture).

California’s Proposition 65 list of chemicals
that are “known to cause cancer,” use has
increased from about 25 million pounds in
1995 to 33.8 million pounds in 2012 - rough-
ly a 35% increase (Figure 17). The California
Department of Pesticide Regulation notes
that pesticide oils are classified as carcin-
ogens and included in these figures, even
though some of those oils may not be car-
cinogenic due to their high degree of refine-
ment (Figure 18) and oils displace use of
other more toxic pesticides (California De-
partment of Pesticide Regulation, 2014a).
The use of toxic air contaminants has dis-
played some year-to-year variability, but was
about 50 million pounds in both 1995 and
2012 (Figure 19) (California Department of
Pesticide Regulation, 2014a). The use
of fumigants increased from about 39
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million pounds in 1995 to 45 million pounds
in 2012 - an approximate 15% increase (Fig-
ure 20).

Epstein and Zhang (2014) analyzed
California pesticide use report data for 49
active ingredients that were used in cumula-
tive state-wide quantities of 22,000 pounds
or more in either 1993 or 2000 and appear
on at least one of the five toxicity lists: re-
productive toxins, carcinogens or probable
carcinogens, cholinesterase-inhibiting pes-
ticides, ground water protection program
compounds, and toxic air contaminants. Of
the 49 active ingredients analyzed between
1993 and 2010, three are no longer in use and
40 have declined in use (Epstein and Zhang,
2014).

In Arizona, many types of agricultural
pesticide applications are reported to the




Use of Pesticides Known to Cause Reproductive Toxicity in California, 1995-2012

Pounds of Al (in millions)

Figure 14. Use trends of pesticides that are on the California’s Proposition 65 list of chemicals that are
“known to cause reproductive toxicity.” Reported pounds of active ingredient (Al) applied include both
agricultural and non-agricultural applications (California Department of Pesticide Regulation 2014a).

Use of Cholinesterase-Inhibiting Pesticides in California, 1995-2012

Pounds of Al (in millions)

Figure 15. Use trends of pesticides that are cholinesterase-inhibiting pesticides. These pesticides
are organophosphate and carbamate active ingredients. Reported pounds of active ingredient (Al)
applied include both agricultural and non-agricultural applications (California Department of Pesticide

Regulation 2014a).

state, as required by state law. This includes
all for-hire applications, all that are applied
by air, as stipulated for any products in
EPA’s Section 18 or 24c exemptions, and all
that are listed on Arizona’s Department of
Environmental Quality’s Groundwater Pro-
tection List (Arizona Department of Environ-
mental Quality, 2013). Reported data, includ-
ing crop name, location, product applied,
pounds applied, rates and target pest are
entered into the state pesticide-use reporting
database. The Arizona Pest Management

Center of the University of Arizona aug-
ments the data with additional information,
including EPA product information, pesti-
cide label data, and mode of action tables,
and invests significant resources in verifying
data and correcting errors. The result is the
Arizona Pest Management Center Pesticide
Use Database, a historical database from
1991 to the present of Arizona pesticide-use
records that is used for research, education,
to address pesticide registration ques-

tions and needs, and to evaluate the
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Use of Groundwater-Polluting Pesticides in California, 1995-2012

Pounds of Al (in millions)

Figure 16. Use trends of pesticides that are the “a” part of DPR’s groundwater protection list. These
pesticides are the active ingredients listed in the California Code of Regulations. Reported pounds of
active ingredient (Al) applied include both agricultural and non-agricultural applications (California

Department of Pesticide Regulation 2014a).

Use of Carcenogenic Pesticides in California, 1995-2012

Pounds of Al (in millions)

Figure 17. Use trends of pesticides that are listed by U.S. EPA as B2 carcinogens or on the State’s
Proposition 65 list of chemicals that are “known to cause cancer.” Reported pounds of active
ingredient (Al) applied include both agricultural and non-agricultural applications (California

Department of Pesticide Regulation 2014a).

impact of Arizona IPM programs (United
States Government Accountability Office,
2010). While submitted data does not repre-
sent 100% of agricultural applications, data
are representative of most standard practices
with respect to key insect pests (Ellsworth
& Palumbo, unpublished data). These data,
along with data from Crop Pest Losses
surveys described earlier, have documented
important impacts of IPM in Arizona
Crops.
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The amount of insecticide active ingredi-
ent applied to Arizona cotton has declined
by 1.16 million pounds, down 90% compared
to 1995 levels. Reductions in control costs
and yield losses to arthropods have saved
cotton growers more than $388 million since
1996. By 2011, 76% of all cotton insecticides
used were selective, meaning they are safer
to use and help preserve beneficial insects in
the cotton system. Arizona cotton growers
have reduced broadly toxic insecticide use




by 74% compared to pre-2005 levels (Arizona
Pest Management Center, 2014).

The amount of broad-spectrum insecti-
cide applied in Arizona lettuce has declined
72%, from an average of over 10 sprays in
1995 to an average of less than 2.4 sprays in
2011. The use of safer, reduced-risk insecti-

cides in Arizona lettuce has increased 14-fold
over the same period. Safety to aquatic and
other organisms has been progressively and
significantly improved by over 80% from
1991 to 2011, based on a comprehensive
spatial analysis of lettuce pesticide use and
calculation of pesticide risk scores using the
ipmPRiME Pesticide Risk Mitigation Engine

Use of Pesticides that are Oils in California, 1995-2012

Pounds of Al (in millions)

Figure 18. Use trends of pesticides that are oils. As a broad group, oil pesticides and other petroleum
distillates are on U.S. EPA’s list of B2 carcinogens or the State’s Proposition 65 list of chemicals
“known to cause cancer.” However, these classifications do not distinguish among oil pesticides
that may not qualify as carcinogenic due to their degree of refinement. Oils include many different
chemicals, but the category used here includes only ones derived from petroleum distillation. Many

such oil pesticides also serve as alternatives to high-toxicity chemicals. For this reason, oil pesticide

data was classified separately by the California Department of Pesticide Regulation. Reported pounds
of active ingredient (Al) applied include both agricultural and non-agricultural applications (California

Department of Pesticide Regulation 2014a).

Use of Pesticides that are Toxic Air Contaminents in California, 1995-2012

Figure 19. Use trends of pesticides that are on DPR’s toxic air contaminants list applied in California.
These pesticides are the active ingredients listed in the California Code of Regulations, Title

3, Division 6, Chapter 4, Subchapter 1, Article 1, Section 6860. Reported pounds of active

ingredient (Al) applied include both agricultural and non-agricultural applications (California
Department of Pesticide Regulation 2014a).

Pounds of Al (in millions)
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Use of Pesticides that are Fumigants in California, 1995-2012

Pounds of Al (in millions)

Figure 20. Use trends of pesticides that are fumigants. Reported pounds of active ingredient (Al)
applied include both agricultural and non-agricultural applications (California Department of Pesticide

Regulation 2014a).

(Arizona Pest Management Center, 2014).

Pesticide Residues on Food
The Pesticide Data Program within the
USDA-Agricultural Marketing Service col-
lects fresh and processed food from distribu-
tion centers and conducts pesticide residue
analysis. The specific commodities change
from year to year, and fresh produce samples
are washed in running water for 15 to 20 sec-
onds to mimic consumer practices. Samples
are then analyzed for over 300 pesticides,
metabolites, degradates and isomers in an
analysis designed to detect the smallest pos-
sible pesticide residues, with limits of detec-
tion in parts per billion (USDA-AMS, 2014).
The percentage of samples with pesticide
residue exceeding the EPA-established tol-
erance was 0.5% or less in each of the last 10
years and the majority of samples exceeding
pesticide tolerance levels were imported, not
domestic. The percentage of samples with
residue of a pesticide for which there is no
tolerance on that commodity — contamina-
tion that may be the result of pesti-
cide drift — was 5.2% or less in each
of the last 10 years and the residues

28

were present at very low levels that did not
exceed the tolerances established for similar
commodities (USDA-AMS, 2014).

The Pesticide Residue Monitoring Pro-
gram within the California Department of
Pesticide Regulation collects raw fruits and
vegetables from the channels of trade for
pesticide residue analysis. In contrast to the
federal Pesticide Data Program, the Califor-
nia program does not change commodities
each year and does not include processed
food. The Pesticide Residue Monitoring Pro-
gram analysis methods are continually im-
proved and now detect more than 300 pes-
ticides or breakdown products (California
Department of Pesticide Regulation, 2014b).

Most samples have either no detectable
residue or pesticide residues within legal
tolerances, usually less than 10 percent of
the legal tolerance level. The percentage of
samples with pesticide residue exceeding the
EPA-established tolerance is 1.0% or less in
each of the last 10 years. The percentage of
samples with residue of a pesticide for which
there is no tolerance on that commodity is
4.0% or less in each of the last 10 years, and
most of the samples for which there is no tol-




erance on that commodity have residues in
the fractions of parts per million. Data from
2010 to 2013 documents that 97.8% or more
of the fruit and vegetables grown in Califor-
nia are in compliance with EPA-established
pesticide residue tolerances (California De-
partment of Pesticide Regulation, 2014b).

Pesticide Contamination in Water

The U.S. Geological Survey compared
pesticide residues in streams draining agri-
cultural, mixed use and urban areas for the
years 2002 to 2011 against the same data for
1992 to 2001 (Stone et al., 2014). Stream clas-
sification was based on the dominant land-
use in the watershed drained by the stream,
and 49 of the 182 streams in the report are
in the Western Region. The percentages of
assessed streams with at least one pesticide
that exceeded aquatic-life benchmarks de-
creased slightly for agricultural streams,
from 69% in 1992 to 2001 to 61% in 2002 to
2011. Mixed-use streams had similar levels
of contamination, 45% in 1992-2001 and 46%
in 2001-2011, while urban-stream contami-
nation increased sharply from 53% in 1992
to 2001 to 90% in 2002 to 2011 (Stone et al.,
2014).

During 1992 to 2001, 17% of agricultur-
al streams and 5% of mixed-use streams
had pesticide concentrations that exceeded
human-health benchmarks. During 2002
to 2011, human-health benchmarks were
exceeded for atrazine in one agricultural
stream (Stone et al., 2014). The reduction in
agricultural streams with pesticides exceed-
ing aquatic-life and human-health bench-
marks is in part due to IPM.

Conclusions

This review of IPM and pest manage-
ment studies and surveys in the West pub-
lished since 2000, provides a framework for
understanding the adoption and impact of
IPM in Western agriculture. The data show
that IPM practices are broadly adopted by
Western growers. These high rates of adop-
tion have helped contribute to an overall
reduction in pesticide use, a marked reduc-
tion of pesticides used per dollar of food
produced, and reductions in the use of many
of the most-toxic categories of pesticides.

The data also show the need to contin-
ue to develop and promote effective IPM
practices, as full IPM adoption in agricul-
ture is not universal. Growers cite lack of
knowledge as a primary barrier to adopting
IPM and apply tens of millions of pounds
of pesticides on Western crops. IPM has and
can continue to develop effective pest-man-
agement tools and techniques to protect the
West’s valuable agriculture industry while
protecting human health and the environ-
ment.
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Table 1. Adoption rates of pest management practices by percent of acres planted and percent of
farming operations for California rice production in 2013. Only practices adopted on 30% or more of
acres planted are included in the table. Data obtained from USDA-NASS Pest Management Practices
Survey.

% OF AREA % OF
PEST MANAGEMENT PRACTICE PLANTED OPERATIONS

PREVENTION: (EQUIPMENT AND IMPLEMENTS CLEANED AFTER FIELD WORK TO RE-

DUCE SPREAD OF PESTS) 47 47
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED, SPRAYED,

MOWED, PLOWED, OR BURNED) 87 89
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL TILLAGE) 60 64
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER PURCHASE) 41 46
PREVENTION: (WATER MGMT PRACTICES USED) 36 43
MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 30 33
MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 38 41
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DELIBERATELY

GOING TO THE CROP ACRES OR GROWING AREAS) 73 76
MONITORING: (SCOUTED FOR DISEASES - BY FARM SUPPLY COMPANY OR CHEMICAL

DEALER) 42 36
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR FAMILY MEM-

BER) 51 57
MONITORING: (SCOUTED FOR DISEASES) 95 94
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY COMPANY OR

CHEMICAL DEALER) 41 34
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER, OR FAMILY

MEMBER) 51 57
MONITORING: (SCOUTED FOR INSECTS & MITES) 95 9%
MONITORING: (SCOUTED FOR WEEDS - BY FARM SUPPLY COMPANY OR CHEMICAL

DEALER) 41 34
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMILY MEMBER) 52 56
MONITORING: (SCOUTED FOR WEEDS) 100 100
MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 52 54
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE ACTIVITY OF

PESTS) 35 35
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION USED TO KEEP

PEST FROM BECOMING RESISTANT TO PESTICIDES) 33 37

SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMATION TO ASSIST
DECISIONS) 33 33




Table 2. Adoption rates of pest management practices by percent of acres planted and percent of
farming operations for winter wheat production in Western states in 2012. Only practices adopted
on 30% or more of acres planted are included in the table. Data obtained from USDA-NASS Pest

Management Practices Survey.

% OF AREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED  OPERATIONS
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK TO

CO  REDUCE SPREAD OF PESTS) 50 49
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

CO  SPRAYED, MOWED, PLOWED, OR BURNED) 41 48

CO  PREVENTION: (FIELD LEFT FALLOW PREVIOUS YEAR TO MANAGE INSECTS) 53 55

CO  PREVENTION: (NO-TILL OR MINIMUM TILL USED) 72 69
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

CO  TANCE) 40 38

CO  AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 62 72
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY CON-

CO  DUCTING GENERAL OBSERVATIONS WHILE PERFORMING ROUTINE TASKS) 39 32
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DELIB-

CO  ERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 57 65
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR FAMILY

CO  MEMBER) 94 84

CO  MONITORING: (SCOUTED FOR DISEASES) 75 76
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER, OR

CO  FAMILY MEMBER) 93 85

CO  MONITORING: (SCOUTED FOR INSECTS & MITES) 85 84
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMILY

CO  MEMBER) 94 87

CO  MONITORING: (SCOUTED FOR WEEDS) 96 97
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

CO  ACTIVITY OF PESTS) 33 28
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRIERS

CO  MAINTAINED) 65 69
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK TO

ID REDUCE SPREAD OF PESTS) 71 61
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

ID SPRAYED, MOWED, PLOWED, OR BURNED) 52 66

ID PREVENTION: (NO-TILL OR MINIMUM TILL USED) 61 50
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL TILL-

ID AGE) 37 54
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER PUR-

ID CHASE) 63 59
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

ID TANCE) 54 51




% OF AREA % OF

STATE PEST MANAGEMENT PRACTICE PLANTED OPERATIONS

ID AVOIDANCE: (PLANTING OR HARVESTING DATES ADJUSTED) 30 32

ID AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 84 93
AVOIDANCE: (ROW SPACING, PLANT DENSITY, OR ROW DIRECTIONS ADJUST-

ID ED) 38 32

ID MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 35 30

ID MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 48 40
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DELIB-

ID ERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 77 71
MONITORING: (SCOUTED FOR DISEASES - BY FARM SUPPLY COMPANY OR

ID CHEMICAL DEALER) 37 27
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR FAMI-

ID LY MEMBER) 41 59

ID MONITORING: (SCOUTED FOR DISEASES) 88 86
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY COMPANY

ID OR CHEMICAL DEALER) 36 22
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

ID OR FAMILY MEMBER) 41 63

ID MONITORING: (SCOUTED FOR INSECTS & MITES) 76 74
MONITORING: (SCOUTED FOR WEEDS - BY FARM SUPPLY COMPANY OR

ID CHEMICAL DEALER) 33 22
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMILY

ID MEMBER) 47 65

ID MONITORING: (SCOUTED FOR WEEDS) 96 94

ID MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 69 69
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

ID ACTIVITY OF PESTS) 65 55
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRIERS

ID MAINTAINED) 39 36
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION USED

ID TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 49 49
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMATION

ID TO ASSIST DECISIONS) 36 36

PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK TO

MT REDUCE SPREAD OF PESTS) 56 49

MT PREVENTION: (FIELD LEFT FALLOW PREVIOUS YEAR TO MANAGE INSECTS) 36 41

MT PREVENTION: (NO-TILL OR MINIMUM TILL USED) 85 75
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

MT PURCHASE) 91 86
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

MT TANCE) 57 51

MT AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 65 74




% OF AREA % OF

STATE PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DELIB-

MT  ERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 67 67
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR FAMI-

MT LY MEMBER) 92 96

MT MONITORING: (SCOUTED FOR DISEASES) 83 87
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

MT  OR FAMILY MEMBER) 93 96

MT MONITORING: (SCOUTED FOR INSECTS & MITES) 79 82
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMILY

MT  MEMBER) 93 96

MT MONITORING: (SCOUTED FOR WEEDS) 95 98

MT MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 55 55
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRIERS

MT  MAINTAINED) 58 70
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK TO

OR REDUCE SPREAD OF PESTS) 73 68
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

OR  SPRAYED, MOWED, PLOWED, OR BURNED) 71 63

OR PREVENTION: (FIELD LEFT FALLOW PREVIOUS YEAR TO MANAGE INSECTS) 33 16

OR PREVENTION: (NO-TILL OR MINIMUM TILL USED) 52 45
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL TILL-

OR  AGE) 45 56
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

OR PURCHASE) 64 57
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

OR  TANCE) 72 63

OR AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 60 74
AVOIDANCE: (ROW SPACING, PLANT DENSITY, OR ROW DIRECTIONS ADJUST-

OR ED) 30 14
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DELIB-

OR ERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 91 84
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR FAMI-

OR LY MEMBER) 54 44

OR MONITORING: (SCOUTED FOR DISEASES) 89 91
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY COMPANY

OR  OR CHEMICAL DEALER) 30 35
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

OR  ORFAMILY MEMBER) 56 41

OR MONITORING: (SCOUTED FOR INSECTS & MITES) 70 80
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMILY

OR MEMBER) 53 44

OR MONITORING: (SCOUTED FOR WEEDS) 100 100




% OF AREA % OF

STATE PEST MANAGEMENT PRACTICE PLANTED  OPERATIONS

OR MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 90 91
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

OR  ACTIVITY OF PESTS) 52 58
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRIERS

OR  MAINTAINED) 49 51
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION USED

OR  TOKEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 47 42
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMATION

OR  TOASSIST DECISIONS) 32 41
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK TO

WA  REDUCE SPREAD OF PESTS) 80 76
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

WA  SPRAYED, MOWED, PLOWED, OR BURNED) 64 64

WA PREVENTION: (FIELD LEFT FALLOW PREVIOUS YEAR TO MANAGE INSECTS) 50 44

WA PREVENTION: (NO-TILL OR MINIMUM TILL USED) 67 59
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL TILL-

WA  AGE) 51 52
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

WA  PURCHASE) 53 53
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

WA TANCE) 72 73

WA AVOIDANCE: (PLANTING OR HARVESTING DATES ADJUSTED) 35 41

WA  AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 69 69

WA MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 35 30
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DELIB-

WA  ERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 73 79
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR FAMI-

WA LY MEMBER) 71 67

WA MONITORING: (SCOUTED FOR DISEASES) 92 94
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

WA  ORFAMILY MEMBER) 71 59

WA MONITORING: (SCOUTED FOR INSECTS & MITES) 67 65
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMILY

WA  MEMBER) 74 69

WA MONITORING: (SCOUTED FOR WEEDS) 98 98

WA MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 75 68
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

WA ACTIVITY OF PESTS) 57 62
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRIERS

WA MAINTAINED) 74 71
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION USED

WA TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 41 41




Table 3. Adoption rates of pest management practices by percent of acres planted and percent of

farming operations for durum and spring wheat production in Montana in 2012. Only practices adopted

on 30% or more of acres planted are included in the table. Data obtained from USDA-NASS Pest
Management Practices Survey.

% OF AREA % OF

COMMODITY PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER

WHEAT, DURUM FIELD WORK TO REDUCE SPREAD OF PESTS) 52 50

WHEAT, DURUM PREVENTION: (NO-TILL OR MINIMUM TILL USED) 62 65
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CON-

WHEAT, DURUM TROL AFTER PURCHASE) 60 57
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC

WHEAT, DURUM PEST RESISTANCE) 43 42

WHEAT, DURUM AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 90 90
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL OR-
GANISMS BY CONDUCTING GENERAL OBSERVATIONS WHILE

WHEAT, DURUM PERFORMING ROUTINE TASKS) 34 27
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGAN-
ISMS BY DELIBERATELY GOING TO THE CROP ACRES OR GROW-

WHEAT, DURUM ING AREAS) 64 72
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PART-

WHEAT, DURUM NER, OR FAMILY MEMBER) 95 96

WHEAT, DURUM MONITORING: (SCOUTED FOR DISEASES) 93 92
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR,

WHEAT, DURUM PARTNER, OR FAMILY MEMBER) 99 99

WHEAT, DURUM MONITORING: (SCOUTED FOR INSECTS & MITES) 87 83
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PART-

WHEAT, DURUM NER, OR FAMILY MEMBER) 93 94

WHEAT, DURUM MONITORING: (SCOUTED FOR WEEDS) 98 99

WHEAT, DURUM MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 65 69
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSI-

WHEAT, DURUM CAL BARRIERS MAINTAINED) 40 46
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF
ACTION USED TO KEEP PEST FROM BECOMING RESISTANT TO

WHEAT, DURUM PESTICIDES) 30 38
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER

WHEAT, SPRING FIELD WORK TO REDUCE SPREAD OF PESTS) 62 53
PREVENTION: (FIELD LEFT FALLOW PREVIOUS YEAR TO MANAGE

WHEAT, SPRING INSECTS) 30 35

WHEAT, SPRING PREVENTION: (NO-TILL OR MINIMUM TILL USED) 79 71
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CON-

WHEAT, SPRING TROL AFTER PURCHASE) 73 73




% OF AREA % OF
COMMODITY PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC
WHEAT, SPRING PEST RESISTANCE) 54 58
WHEAT, SPRING AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 73 71
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL OR-
GANISMS BY CONDUCTING GENERAL OBSERVATIONS WHILE
WHEAT, SPRING PERFORMING ROUTINE TASKS) 38 41
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGAN-
ISMS BY DELIBERATELY GOING TO THE CROP ACRES OR GROW-
WHEAT, SPRING ING AREAS) 58 52
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PART-
WHEAT, SPRING NER, OR FAMILY MEMBER) 95 95
WHEAT, SPRING MONITORING: (SCOUTED FOR DISEASES) 86 80
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR,
WHEAT, SPRING PARTNER, OR FAMILY MEMBER) 95 96
WHEAT, SPRING MONITORING: (SCOUTED FOR INSECTS & MITES) 79 76
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PART-
WHEAT, SPRING NER, OR FAMILY MEMBER) 96 96
WHEAT, SPRING MONITORING: (SCOUTED FOR WEEDS) 96 94
WHEAT, SPRING MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 60 58
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSI-
WHEAT, SPRING CAL BARRIERS MAINTAINED) 56 64
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF
ACTION USED TO KEEP PEST FROM BECOMING RESISTANT TO
WHEAT, SPRING PESTICIDES) 30 28




Table 4. Adoption rates of pest management practices by percent of acres planted and percent of
farming operations for fruit and nut production in Western states in 2011. Only practices adopted
on 30% or more of acres planted are included in the table. Data obtained from USDA-NASS Pest

Management Practices Survey.

% OF AREA
BEARING & % OF
STATE  PEST MANAGEMENT PRACTICE NON-BEARING ~ OPERATIONS
CA PREVENTION: (CROP ACRES CULTIVATED FOR WEED CONTROL) 65 46
CA PREVENTION: (CROP ACRES IRRIGATED) 99 93
CA PREVENTION: (CROP RESIDUES REMOVED OR BURNED DOWN) 52 37
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD
CA WORK TO REDUCE SPREAD OF PESTS) 72 44
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE
CA CHOPPED, SPRAYED, MOWED, PLOWED, OR BURNED) 73 52
CA PREVENTION: (WATER MGMT PRACTICES USED) 60 43
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST
CA DETECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 46 27
CA MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 38 17
CA MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 63 40
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY
CA DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 79 63
CA MONITORING: (SCOUTED FOR DISEASES - BY EMPLOYEE) 34 13
CA MONITORING: (SCOUTED FOR DISEASES) 96 86
CA MONITORING: (SCOUTED FOR INSECTS & MITES - BY EMPLOYEE) 35 13
CA MONITORING: (SCOUTED FOR INSECTS & MITES) 96 85
CA MONITORING: (SCOUTED FOR WEEDS - BY EMPLOYEE) 36 15
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR
CA FAMILY MEMBER) 31 62
CA MONITORING: (SCOUTED FOR WEEDS) 95 86
CA MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 63 41
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK
CA THE ACTIVITY OF PESTS) 60 36
SUPPRESSION: (FLORAL LURES, ATTRACTANTS, REPELLANTS, PHER-
CA MONE TRAPS, OR BIOLOGICAL PEST CONTROLS USED) 38 25
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL
CA BARRIERS MAINTAINED) 58 44
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION
CA USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 61 36
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMA-
CA TION TO ASSIST DECISIONS) 40 25
OR PREVENTION: (CROP ACRES CULTIVATED FOR WEED CONTROL) 46 33
OR PREVENTION: (CROP ACRES IRRIGATED) 92 75
OR PREVENTION: (CROP RESIDUES REMOVED OR BURNED DOWN) 44 48




% OF AREA

BEARING & % OF

STATE  PEST MANAGEMENT PRACTICE NON-BEARING  OPERATIONS
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD

OR WORK TO REDUCE SPREAD OF PESTS) 65 52
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE

OR CHOPPED, SPRAYED, MOWED, PLOWED, OR BURNED) 66 61

OR PREVENTION: (WATER MGMT PRACTICES USED) 43 26
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST

OR DETECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 58 25

OR MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 45 14

OR MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 74 40
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST ADVISORY

OR WARNING) 56 26
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST DEVELOPMENT

OR MODEL) 58 32
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

OR DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 85 60
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

OR FAMILY MEMBER) 42 73

OR MONITORING: (SCOUTED FOR DISEASES) 97 83
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PART-

OR NER, OR FAMILY MEMBER) 41 72

OR MONITORING: (SCOUTED FOR INSECTS & MITES) 97 84
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR

OR FAMILY MEMBER) 47 78

OR MONITORING: (SCOUTED FOR WEEDS) 93 79

OR MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 94 68
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK

OR THE ACTIVITY OF PESTS) 56 30

OR SUPPRESSION: (BIOLOGICAL PESTICIDES APPLIED) 43 20
SUPPRESSION: (FLORAL LURES, ATTRACTANTS, REPELLANTS, PHER-

OR MONE TRAPS, OR BIOLOGICAL PEST CONTROLS USED) 67 40
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL

OR BARRIERS MAINTAINED) 66 43
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

OR USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 83 41
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMA-

OR TION TO ASSIST DECISIONS) 69 40

WA PREVENTION: (CROP ACRES CULTIVATED FOR WEED CONTROL) 53 63

WA PREVENTION: (CROP ACRES IRRIGATED) 99 98

WA PREVENTION: (CROP RESIDUES REMOVED OR BURNED DOWN) 30 12




% OF AREA

BEARING & % OF

STATE PEST MANAGEMENT PRACTICE NON-BEARING  OPERATIONS
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD

WA WORK TO REDUCE SPREAD OF PESTS) 74 31
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE

WA CHOPPED, SPRAYED, MOWED, PLOWED, OR BURNED) 89 90

WA PREVENTION: (WATER MGMT PRACTICES USED) 63 32
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST

WA DETECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 57 28

WA MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 65 14

WA MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 87 73
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST ADVISORY

WA WARNING) 57 47
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST DEVELOPMENT

WA MODEL) 78 24
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

WA DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 95 80
MONITORING: (SCOUTED FOR DISEASES - BY FARM SUPPLY COMPANY

WA OR CHEMICAL DEALER) 32 12

WA MONITORING: (SCOUTED FOR DISEASES) 99 97
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY

WA COMPANY OR CHEMICAL DEALER) 32 12

WA MONITORING: (SCOUTED FOR INSECTS & MITES) 99 97
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR

WA FAMILY MEMBER) 41 85

WA MONITORING: (SCOUTED FOR WEEDS) 98 95

WA MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 94 82
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK

WA THE ACTIVITY OF PESTS) 76 35

WA SUPPRESSION: (BIOLOGICAL PESTICIDES APPLIED) 53 59
SUPPRESSION: (FLORAL LURES, ATTRACTANTS, REPELLANTS, PHER-

WA MONE TRAPS, OR BIOLOGICAL PEST CONTROLS USED) 78 69
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL

WA BARRIERS MAINTAINED) 55 77
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

WA USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 89 75
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMA-

WA TION TO ASSIST DECISIONS) 72 38




Table 5. Adoption rates of pest management practices by percent of acres planted and percent of
farming operations for barley production in Western states in 2011. Only practices adopted on 30%
or more of acres planted are included in the table. Data obtained from USDA-NASS Pest Management
Practices Survey.

%OF AREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

AZ SPRAYED, MOWED, PLOWED, OR BURNED) 64 63

AZ PREVENTION: (NO-TILL OR MINIMUM TILL USED) 48 45
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

AZ TILLAGE) 61 61

AZ AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 80 81
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DE-

AZ LIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 72 74
MONITORING: (SCOUTED FOR DISEASES - BY FARM SUPPLY COMPANY OR

AZ CHEMICAL DEALER) 37 37
MONITORING: (SCOUTED FOR DISEASES - BY INDEPENDENT CROP CONSUL-

AZ TANT OR COMMERICAL SCOUT) 38 43

AZ MONITORING: (SCOUTED FOR DISEASES) 64 67
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY COMPA-

AZ NY OR CHEMICAL DEALER) 33 34
MONITORING: (SCOUTED FOR INSECTS & MITES - BY INDEPENDENT CROP

AZ CONSULTANT OR COMMERICAL SCOUT) 47 48

AZ MONITORING: (SCOUTED FOR INSECTS & MITES) 75 77
MONITORING: (SCOUTED FOR WEEDS - BY FARM SUPPLY COMPANY OR

AZ CHEMICAL DEALER) 33 34
MONITORING: (SCOUTED FOR WEEDS - BY INDEPENDENT CROP CONSUL-

AZ TANT OR COMMERICAL SCOUT) 37 40

AZ MONITORING: (SCOUTED FOR WEEDS) 84 88
PREVENTION: (EQUIPMENT AND IMPLEMENTS CLEANED AFTER FIELD

CA WORK TO REDUCE SPREAD OF PESTS) 43 51
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

CA SPRAYED, MOWED, PLOWED, OR BURNED) 32 33
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

CA TILLAGE) 70 56
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

CA TANCE) 44 15

CA AVOIDANCE: (PLANTING OR HARVESTING DATES ADJUSTED) 38 22
AVOIDANCE: (ROW SPACING, PLANT DENSITY, OR ROW DIRECTIONS AD-

CA JUSTED) 30 14
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY CON-

CA DUCTING GENERAL OBSERVATIONS WHILE PERFORMING ROUTINE TASKS) 40 34




%OF AREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DE-

CA LIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 42 47
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

CA FAMILY MEMBER) 67 81
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

CA OR FAMILY MEMBER) 67 82
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMI-

CA LY MEMBER) 90 91

CA MONITORING: (SCOUTED FOR WEEDS) 82 80
PREVENTION: (EQUIPMENT AND IMPLEMENTS CLEANED AFTER FIELD

o WORK TO REDUCE SPREAD OF PESTS) 58 43
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

co SPRAYED, MOWED, PLOWED, OR BURNED) 75 78

o PREVENTION: (NO-TILL OR MINIMUM TILL USED) 74 78
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

co TILLAGE) 52 53

o AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 73 84
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST DE-

co TECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 33 35

co MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 42 37
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DE-

co LIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 81 86
MONITORING: (SCOUTED FOR DISEASES - BY INDEPENDENT CROP CONSUL-

o TANT OR COMMERICAL SCOUT) 44 46
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

co FAMILY MEMBER) 45 43

o MONITORING: (SCOUTED FOR DISEASES) 88 88
MONITORING: (SCOUTED FOR INSECTS & MITES - BY INDEPENDENT CROP

co CONSULTANT OR COMMERICAL SCOUT) 42 42
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

co OR FAMILY MEMBER) 48 47

o MONITORING: (SCOUTED FOR INSECTS & MITES) 91 95
MONITORING: (SCOUTED FOR WEEDS - BY INDEPENDENT CROP CONSUL-

co TANT OR COMMERICAL SCOUT) 40 42
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMI-

o LY MEMBER) 50 49

o MONITORING: (SCOUTED FOR WEEDS) 94 96

co MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 46 46
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

o ACTIVITY OF PESTS) 42 37




%OF AREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

co ERS MAINTAINED) 55 52
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

co USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 38 43
PREVENTION: (EQUIPMENT AND IMPLEMENTS CLEANED AFTER FIELD

ID WORK TO REDUCE SPREAD OF PESTS) 46 37
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

ID SPRAYED, MOWED, PLOWED, OR BURNED) 48 52

ID PREVENTION: (NO-TILL OR MINIMUM TILL USED) 30 27
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

ID TILLAGE) 54 64

ID AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 58 58
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DE-

ID LIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 70 71
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

ID FAMILY MEMBER) 51 53

ID MONITORING: (SCOUTED FOR DISEASES) 90 83
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

ID OR FAMILY MEMBER) 52 53

ID MONITORING: (SCOUTED FOR INSECTS & MITES) 88 79
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMI-

ID LY MEMBER) 58 64

ID MONITORING: (SCOUTED FOR WEEDS) 98 97

ID MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 67 52
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

ID ERS MAINTAINED) 37 31
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

ID USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 44 34
PREVENTION: (EQUIPMENT AND IMPLEMENTS CLEANED AFTER FIELD

MT WORK TO REDUCE SPREAD OF PESTS) 44 30

MT PREVENTION: (NO-TILL OR MINIMUM TILL USED) 81 67
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

MT PURCHASE) 75 57

MT AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 67 63
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DE-

MT LIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 66 58
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

MT FAMILY MEMBER) 90 85

MT MONITORING: (SCOUTED FOR DISEASES) 78 64




% OF AREA % OF
STATE PEST MANAGEMENT PRACTICE PLANTED OPERATIONS

MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

MT OR FAMILY MEMBER) 93 85

MT MONITORING: (SCOUTED FOR INSECTS & MITES) 70 58
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMI-

MT LY MEMBER) 94 87

MT MONITORING: (SCOUTED FOR WEEDS) 92 83

MT MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 65 48
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

MT ERS MAINTAINED) 51 49
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

MT USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 34 22

PREVENTION: (EQUIPMENT AND IMPLEMENTS CLEANED AFTER FIELD

OR WORK TO REDUCE SPREAD OF PESTS) 53 42

OR PREVENTION: (NO-TILL OR MINIMUM TILL USED) 30 31
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

OR TILLAGE) 50 53
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

OR PURCHASE) 33 42
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

OR TANCE) 34 20

OR AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 42 48
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DE-

OR LIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 62 52
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

OR FAMILY MEMBER) 68 64

OR MONITORING: (SCOUTED FOR DISEASES) 50 52
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

OR OR FAMILY MEMBER) 70 63

OR MONITORING: (SCOUTED FOR INSECTS & MITES) 36 36
MONITORING: (SCOUTED FOR WEEDS - BY FARM SUPPLY COMPANY OR

OR CHEMICAL DEALER) 37 29
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMI-

OR LY MEMBER) 53 65

OR MONITORING: (SCOUTED FOR WEEDS) 72 69

OR MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 46 54

PREVENTION: (EQUIPMENT AND IMPLEMENTS CLEANED AFTER FIELD

WA WORK TO REDUCE SPREAD OF PESTS) 57 53
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,
WA SPRAYED, MOWED, PLOWED, OR BURNED) 40 40

WA PREVENTION: (NO-TILL OR MINIMUM TILL USED) 59 45




% OF AREA % OF

STATE PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

WA TILLAGE) 40 49
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

WA PURCHASE) 37 36
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

WA TANCE) 45 37

WA AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 76 69
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DE-

WA LIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 85 71
MONITORING: (SCOUTED FOR DISEASES - BY FARM SUPPLY COMPANY OR

WA CHEMICAL DEALER) 34 29
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

WA FAMILY MEMBER) 60 68

WA MONITORING: (SCOUTED FOR DISEASES) 79 78
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY COMPA-

WA NY OR CHEMICAL DEALER) 34 25
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

WA OR FAMILY MEMBER) 63 72

WA MONITORING: (SCOUTED FOR INSECTS & MITES) 66 64
MONITORING: (SCOUTED FOR WEEDS - BY FARM SUPPLY COMPANY OR

WA CHEMICAL DEALER) 32 27
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMI-

WA LY MEMBER) 62 71

WA MONITORING: (SCOUTED FOR WEEDS) 98 99

WA MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 57 56
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

WA ACTIVITY OF PESTS) 44 32
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

WA ERS MAINTAINED) 60 58
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

WA USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 44 36
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

WY SPRAYED, MOWED, PLOWED, OR BURNED) 45 45
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

WY TILLAGE) 52 52

WY AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 78 76
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY CON-

WY DUCTING GENERAL OBSERVATIONS WHILE PERFORMING ROUTINE TASKS) 30 26
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DE-

WY LIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 61 62
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

WY FAMILY MEMBER) 87 77




% OF AREA % OF

STATE PEST MANAGEMENT PRACTICE PLANTED OPERATIONS

WY MONITORING: (SCOUTED FOR DISEASES) 38 38
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

wy OR FAMILY MEMBER) 95 89

WY MONITORING: (SCOUTED FOR INSECTS & MITES) 48 45
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAMI-

WY LY MEMBER) 80 83

WY MONITORING: (SCOUTED FOR WEEDS) 88 85

46




Table 6. Adoption rates of pest management practices by percent of acres planted and percent of
farming operations for vegetable production in Western states in 2010. Only practices adopted on 30%
or more of acres planted are included in the table. Data obtained from USDA-NASS Pest Management
Practices Survey.

% OF AREA % OF

STATE = PEST MANAGEMENT PRACTICE PLANTED OPERATIONS

AZ PREVENTION: (CROP ACRES CULTIVATED FOR WEED CONTROL) 98 96
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK

AZ TO REDUCE SPREAD OF PESTS) 68 63
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

AZ SPRAYED, MOWED, PLOWED, OR BURNED) 95 91
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

AZ TILLAGE) 74 78

AZ PREVENTION: (WATER MGMT PRACTICES USED) 82 72
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

AZ TANCE) 82 54
AVOIDANCE: (PLANTING LOCATIONS PLANNED TO AVOID CROSS INFESTA-

AZ TION OF PESTS) 77 48

AZ AVOIDANCE: (PLANTING OR HARVESTING DATES ADJUSTED) 65 41

AZ AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 99 96
AVOIDANCE: (ROW SPACING, PLANT DENSITY, OR ROW DIRECTIONS AD-

AZ JUSTED) 31 20
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST DE-

AZ TECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 84 62

AZ MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 84 65
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

AZ DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 97 81
MONITORING: (SCOUTED FOR DISEASES - BY FARM SUPPLY COMPANY OR

AZ CHEMICAL DEALER) 46 55
MONITORING: (SCOUTED FOR DISEASES - BY INDEPENDENT CROP CON-

AZ SULTANT OR COMMERICAL SCOUT) 38 32

AZ MONITORING: (SCOUTED FOR DISEASES) 100 94
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY COM-

AZ PANY OR CHEMICAL DEALER) 46 56
MONITORING: (SCOUTED FOR INSECTS & MITES - BY INDEPENDENT CROP

AZ CONSULTANT OR COMMERICAL SCOUT) 38 31

AZ MONITORING: (SCOUTED FOR INSECTS & MITES) 100 98
MONITORING: (SCOUTED FOR WEEDS - BY FARM SUPPLY COMPANY OR

AZ CHEMICAL DEALER) 37 39
MONITORING: (SCOUTED FOR WEEDS - BY INDEPENDENT CROP CONSUL-

AZ TANT OR COMMERICAL SCOUT) 30 16

AZ MONITORING: (SCOUTED FOR WEEDS) 98 93

AZ MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 92 71




% OF AREA % OF
STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS

MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

AZ ACTIVITY OF PESTS) 72 68

AZ SUPPRESSION: (BIOLOGICAL PESTICIDES APPLIED) 64 43
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

AZ ERS MAINTAINED) 81 57
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

AZ USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 89 59
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMATION

AZ TO ASSIST DECISIONS) 41 26

CA PREVENTION: (CROP ACRES CULTIVATED FOR WEED CONTROL) 69 78
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK

CA TO REDUCE SPREAD OF PESTS) 74 70
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

CA SPRAYED, MOWED, PLOWED, OR BURNED) 85 85
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

CA TILLAGE) 72 72

CA PREVENTION: (WATER MGMT PRACTICES USED) 73 70
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

CA TANCE) 50 47
AVOIDANCE: (PLANTING LOCATIONS PLANNED TO AVOID CROSS INFESTA-

CA TION OF PESTS) 57 45

CA AVOIDANCE: (PLANTING OR HARVESTING DATES ADJUSTED) 34 32

CA AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 76 67
AVOIDANCE: (ROW SPACING, PLANT DENSITY, OR ROW DIRECTIONS AD-

CA JUSTED) 46 41
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST DE-

CA TECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 63 47

CA MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 38 37

CA MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 81 65
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST ADVISORY WARN-

CA ING) 35 33
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST DEVELOPMENT

CA MODEL) 56 38
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

CA DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 92 82
MONITORING: (SCOUTED FOR DISEASES - BY INDEPENDENT CROP CON-

CA SULTANT OR COMMERICAL SCOUT) 38 32

CA MONITORING: (SCOUTED FOR DISEASES) 100 96
MONITORING: (SCOUTED FOR INSECTS & MITES - BY INDEPENDENT CROP

CA CONSULTANT OR COMMERICAL SCOUT) 38 31

CA MONITORING: (SCOUTED FOR INSECTS & MITES) 100 97




%OF AREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAM-

CA ILY MEMBER) 36 50

CA MONITORING: (SCOUTED FOR WEEDS) 99 95

CA MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 87 68
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

CA ACTIVITY OF PESTS) 75 55

CA SUPPRESSION: (BIOLOGICAL PESTICIDES APPLIED) 41 29
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

CA ERS MAINTAINED) 31 53
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

CA USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 67 57
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMATION

CA TO ASSIST DECISIONS) 57 44

co PREVENTION: (CROP ACRES CULTIVATED FOR WEED CONTROL) 100 92
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK

co TO REDUCE SPREAD OF PESTS) 50 59
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

co SPRAYED, MOWED, PLOWED, OR BURNED) 92 83
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

co TILLAGE) 50 63

co AVOIDANCE: (PLANTING OR HARVESTING DATES ADJUSTED) 44 38

co AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 57 61
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST DE-

co TECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 52 30

co MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 61 48
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST ADVISORY WARN-

co ING) 36 23
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST DEVELOPMENT

co MODEL) 52 27
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

co DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 69 58
MONITORING: (SCOUTED FOR DISEASES - BY FARM SUPPLY COMPANY OR

co CHEMICAL DEALER) 35 19
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

co FAMILY MEMBER) 32 59

co MONITORING: (SCOUTED FOR DISEASES) 94 85
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY COM-

co PANY OR CHEMICAL DEALER) 34 18
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

co OR FAMILY MEMBER) 34 62

co MONITORING: (SCOUTED FOR INSECTS & MITES) 97 90




%OFAREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
MONITORING: (SCOUTED FOR WEEDS - BY FARM SUPPLY COMPANY OR

co CHEMICAL DEALER) 34 18
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAM-

co ILY MEMBER) 34 62

co MONITORING: (SCOUTED FOR WEEDS) 97 90

co MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 59 42
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

co ACTIVITY OF PESTS) 62 50
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

co ERS MAINTAINED) 56 48
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

co USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 61 40
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMATION

co TO ASSIST DECISIONS) 37 25

OR PREVENTION: (CROP ACRES CULTIVATED FOR WEED CONTROL) 57 73
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK

OR TO REDUCE SPREAD OF PESTS) 74 58
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

OR SPRAYED, MOWED, PLOWED, OR BURNED) 74 73

OR PREVENTION: (NO-TILL OR MINIMUM TILL USED) 51 24
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

OR TILLAGE) 73 66

OR PREVENTION: (WATER MGMT PRACTICES USED) 53 46
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESIS-

OR TANCE) 46 40
AVOIDANCE: (PLANTING LOCATIONS PLANNED TO AVOID CROSS INFESTA-

OR TION OF PESTS) 42 47

OR AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 80 76
AVOIDANCE: (ROW SPACING, PLANT DENSITY, OR ROW DIRECTIONS AD-

OR JUSTED) 38 27
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST DE-

OR TECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 50 28

OR MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 57 45
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

OR DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 81 70
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

OR FAMILY MEMBER) 54 44

OR MONITORING: (SCOUTED FOR DISEASES) 97 86
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PARTNER,

OR OR FAMILY MEMBER) 54 42

OR MONITORING: (SCOUTED FOR INSECTS & MITES) 99 90




%OFAREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR FAM-

OR ILY MEMBER) 57 50

OR MONITORING: (SCOUTED FOR WEEDS) 99 89

OR MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 90 79
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

OR ACTIVITY OF PESTS) 55 42
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

OR ERS MAINTAINED) 56 47
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

OR USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 71 59
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMATION

OR TO ASSIST DECISIONS) 39 36

WA PREVENTION: (CROP ACRES CULTIVATED FOR WEED CONTROL) 90 82
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD WORK

WA TO REDUCE SPREAD OF PESTS) 91 69
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE CHOPPED,

WA SPRAYED, MOWED, PLOWED, OR BURNED) 91 74

WA PREVENTION: (NO-TILL OR MINIMUM TILL USED) 53 34
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

WA TILLAGE) 72 62

WA PREVENTION: (WATER MGMT PRACTICES USED) 35 39

WA AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 82 73
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST DE-

WA TECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 57 40

WA MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 36 14

WA MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 83 52
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST ADVISORY WARN-

WA ING) 47 23
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST DEVELOPMENT

WA MODEL) 59 28
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

WA DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 98 73

WA MONITORING: (SCOUTED FOR DISEASES - BY EMPLOYEE) 38 12

WA MONITORING: (SCOUTED FOR DISEASES) 99 96

WA MONITORING: (SCOUTED FOR INSECTS & MITES - BY EMPLOYEE) 37 12

WA MONITORING: (SCOUTED FOR INSECTS & MITES) 100 98

WA MONITORING: (SCOUTED FOR WEEDS - BY EMPLOYEE) 38 12

WA MONITORING: (SCOUTED FOR WEEDS) 100 97

WA MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 91 59
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE

WA ACTIVITY OF PESTS) 89 51




% OF AREA % OF

STATE = PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRI-

WA ERS MAINTAINED) 60 54
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

WA USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 51 40
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMATION

WA TO ASSIST DECISIONS) 50 30

52




Table 7. Adoption rates of pest management practices by percent of acres planted and percent of
farming operations for fall potato production in Western states in 2009. Only practices adopted on 30%
or more of acres planted are included in the table. Data obtained from USDA-NASS Pest Management
Practices Survey.

% OF AREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
PREVENTION: (BENEFICIAL INSECT OR VERTEBRATE HABITAT MAIN-

co TAINED) 59 52
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD

co WORK TO REDUCE SPREAD OF PESTS) 100 100
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE

co CHOPPED, SPRAYED, MOWED, PLOWED, OR BURNED) 85 89

co PREVENTION: (NO-TILL OR MINIMUM TILL USED) 60 57
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

co TILLAGE) 69 70
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

co PURCHASE) 88 88

co PREVENTION: (WATER MGMT PRACTICES USED) 94 91
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST

co RESISTANCE) 66 62
AVOIDANCE: (PLANTING LOCATIONS PLANNED TO AVOID CROSS INFES-

co TATION OF PESTS) 47 40

co AVOIDANCE: (PLANTING OR HARVESTING DATES ADJUSTED) 78 77

co AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 91 89
AVOIDANCE: (ROW SPACING, PLANT DENSITY, OR ROW DIRECTIONS

co ADJUSTED) 51 46
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST

co DETECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 97 94

co MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 43 39

co MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 61 57
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST DEVELOPMENT

co MODEL) 45 38
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

co DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 87 90
MONITORING: (SCOUTED FOR DISEASES - BY INDEPENDENT CROP CON-

co SULTANT OR COMMERICAL SCOUT) 59 60
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

co FAMILY MEMBER) 41 40

co MONITORING: (SCOUTED FOR DISEASES) 89 87
MONITORING: (SCOUTED FOR INSECTS & MITES - BY INDEPENDENT

co CROP CONSULTANT OR COMMERICAL SCOUT) 59 60
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PART-

co NER, OR FAMILY MEMBER) 41 40

co MONITORING: (SCOUTED FOR INSECTS & MITES) 89 87




% OF AREA % OF

STATE  PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
MONITORING: (SCOUTED FOR WEEDS - BY INDEPENDENT CROP CON-

co SULTANT OR COMMERICAL SCOUT) 59 60
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR

co FAMILY MEMBER) 41 40

co MONITORING: (SCOUTED FOR WEEDS) 89 87

co MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 76 67
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK

co THE ACTIVITY OF PESTS) 84 82
SUPPRESSION: (BUFFER STRIPS OR BORDER ROWS MAINTAINED TO

co ISOLATE ORGANIC FROM NON ORGANIC CROPS) 41 35
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL

co BARRIERS MAINTAINED) 52 51
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

co USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 58 52
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMA-

co TION TO ASSIST DECISIONS) 35 33
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD

ID WORK TO REDUCE SPREAD OF PESTS) 83 83
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE

ID CHOPPED, SPRAYED, MOWED, PLOWED, OR BURNED) 75 73
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

ID TILLAGE) 62 64
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

ID PURCHASE) 82 83

ID PREVENTION: (WATER MGMT PRACTICES USED) 59 58

ID AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 87 91
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST

ID DETECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 48 46

ID MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 37 39

ID MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 41 43
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST DEVELOPMENT

ID MODEL) 30 27
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

ID DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 81 77
MONITORING: (SCOUTED FOR DISEASES - BY OPERATOR, PARTNER, OR

ID FAMILY MEMBER) 47 49

ID MONITORING: (SCOUTED FOR DISEASES) 98 98
MONITORING: (SCOUTED FOR INSECTS & MITES - BY OPERATOR, PART-

ID NER, OR FAMILY MEMBER) 45 48

ID MONITORING: (SCOUTED FOR INSECTS & MITES) 98 98




% OF AREA % OF

STATE PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR

ID FAMILY MEMBER) 50 51

ID MONITORING: (SCOUTED FOR WEEDS) 99 99

ID MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 72 72
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK

ID THE ACTIVITY OF PESTS) 51 51
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL

ID BARRIERS MAINTAINED) 65 66
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

ID USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 65 65
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMA-

ID TION TO ASSIST DECISIONS) 39 36
PREVENTION: (EQUIPMENT & IMPLEMENTS CLEANED AFTER FIELD

WA WORK TO REDUCE SPREAD OF PESTS) 82 69
PREVENTION: (FIELD EDGES, DITCHES, OR FENCE LINES WERE

WA CHOPPED, SPRAYED, MOWED, PLOWED, OR BURNED) 80 83

WA PREVENTION: (NO-TILL OR MINIMUM TILL USED) 35 27
PREVENTION: (PLOWED DOWN CROP RESIDUE USING CONVENTIONAL

WA TILLAGE) 75 77
PREVENTION: (SEED TREATED FOR INSECT OR DISEASE CONTROL AFTER

WA PURCHASE) 83 68

WA PREVENTION: (WATER MGMT PRACTICES USED) 46 43
AVOIDANCE: (PLANTING LOCATIONS PLANNED TO AVOID CROSS INFES-

WA TATION OF PESTS) 48 40

WA AVOIDANCE: (ROTATED CROPS DURING PAST 3 YEARS) 95 95
MONITORING: (DIAGNOSTIC LABORATORY SERVICES USED FOR PEST

WA DETECTION VIA SOIL OR PLANT TISSUE ANALYSIS) 76 64

WA MONITORING: (FIELD MAPPING DATA USED TO ASSIST DECISIONS) 40 33

WA MONITORING: (SCOUTED - ESTABLISHED PROCESS USED) 69 66
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST ADVISORY

WA WARNING) 71 57
MONITORING: (SCOUTED - FOR PESTS DUE TO A PEST DEVELOPMENT

WA MODEL) 42 39
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY

WA DELIBERATELY GOING TO THE CROP ACRES OR GROWING AREAS) 99 91

WA MONITORING: (SCOUTED FOR DISEASES - BY EMPLOYEE) 31 29
MONITORING: (SCOUTED FOR DISEASES - BY FARM SUPPLY COMPANY

WA OR CHEMICAL DEALER) 36 30

WA MONITORING: (SCOUTED FOR DISEASES) 100 99

WA MONITORING: (SCOUTED FOR INSECTS & MITES - BY EMPLOYEE) 31 29




% OF AREA % OF

STATE PEST MANAGEMENT PRACTICE PLANTED OPERATIONS
MONITORING: (SCOUTED FOR INSECTS & MITES - BY FARM SUPPLY

WA COMPANY OR CHEMICAL DEALER) 37 31

WA MONITORING: (SCOUTED FOR INSECTS & MITES) 100 99

WA MONITORING: (SCOUTED FOR WEEDS - BY EMPLOYEE) 32 30
MONITORING: (SCOUTED FOR WEEDS - BY FARM SUPPLY COMPANY OR

WA CHEMICAL DEALER) 35 29
MONITORING: (SCOUTED FOR WEEDS - BY OPERATOR, PARTNER, OR

WA FAMILY MEMBER) 30 37

WA MONITORING: (SCOUTED FOR WEEDS) 98 98

WA MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 93 86
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK

WA THE ACTIVITY OF PESTS) 83 71
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL

WA BARRIERS MAINTAINED) 47 49
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION

WA USED TO KEEP PEST FROM BECOMING RESISTANT TO PESTICIDES) 93 84
SUPPRESSION: (SCOUTING DATA COMPARED TO PUBLISHED INFORMA-

WA TION TO ASSIST DECISIONS) 37 36




Table 8. Adoption rates of pest management practices by percent of operations for stored grain in
Western states in 2009. Only practices adopted by 30% or more of operations in at least one state are
included in the table. Data obtained from USDA-NASS Pest Management Practices Survey.

% OF OPERATIONS
PERIOD PEST MANAGEMENT PRACTICE CO ID MT OR WA
MARKETING YEAR CLEANING ACTIVITIES: (CLEAN AERATION DUCTS) 54 77 39 74 80
CLEANING ACTIVITIES: (CONTROL VEGETATION
MARKETING YEAR AROUND STORAGE) 82 94 99 88 92
MARKETING YEAR CLEANING ACTIVITIES: (CORE BINS AFTER FILLING) 57 58 50 40 63
MARKETING YEAR CLEANING ACTIVITIES: (FUMIGATE EMPTY STORAGE) 37 12 18 21 27
MARKETING YEAR CLEANING ACTIVITIES: (PICK UP SPILLED CROP) 84 99 93 86 96
CLEANING ACTIVITIES: (SWEEP OR VACUUM EMPTY
MARKETING YEAR STORAGE) 77 93 88 91 98
FUMIGATION SCHEDULE: (BASED ON STORAGE SAM-
MARKETING YEAR PLES) 41 43 19 42 18
FUMIGATION SCHEDULE: (BASED ON VISUAL INSPEC-
MARKETING YEAR TION) 50 30 62 52 44
MARKETING YEAR MECHANICAL DEVICES: (AERATION CONTROLLER) 40 71 24 66 63
MECHANICAL DEVICES: (PHOSPHINE PELLET DISPENS-
MARKETING YEAR ER) 5 63 2 38
MARKETING YEAR MECHANICAL DEVICES: (POWER PROBE) 18 50 19 1
MARKETING YEAR MECHANICAL DEVICES: (PROTEIN ANALYZER) 57 65 82 60 70
MARKETING YEAR MECHANICAL DEVICES: (TEMPERATURE CABLE) 39 14 1 14 9
INSPECTED FOR INSECTS: (CONCRETE SILOS, DO NOT
FALL & WINTER HAVE STRUCTURE) 42 38 74 42 19
INSPECTED FOR INSECTS: (CONCRETE SILOS, MONTH-
FALL & WINTER LY) 18 46 9 46 45
FALL & WINTER INSPECTED FOR INSECTS: (CONCRETE SILOS, WEEKLY) 32 12 5 8 11
INSPECTED FOR INSECTS: (OTHER STRUCTURES, DO

FALL & WINTER NOT HAVE STRUCTURE) 76 44 53 69 27
INSPECTED FOR INSECTS: (OTHER STRUCTURES,

FALL & WINTER MONTHLY) 3 52 14 22 40
INSPECTED FOR INSECTS: (STEEL BINS & TANKS, DO

FALL & WINTER NOT HAVE STRUCTURE) 9 6 17 58 10
INSPECTED FOR INSECTS: (STEEL BINS & TANKS,

FALL & WINTER MONTHLY) 34 59 23 31 47
INSPECTED FOR INSECTS: (STEEL BINS & TANKS, WEEK-

FALL & WINTER LY) 33 15 5 4 16
MEASURED TEMPERATURE: (CONCRETE SILOS, DO

FALL & WINTER NOT HAVE STRUCTURE) 42 38 74 42 19
MEASURED TEMPERATURE: (CONCRETE SILOS,

FALL & WINTER MONTHLY) 8 37 4 30 26




% OF OPERATIONS

PERIOD PEST MANAGEMENT PRACTICE CO ID MT OR WA
MEASURED TEMPERATURE: (OTHER STRUCTURES, DO

FALL & WINTER NOT HAVE STRUCTURE) 76 44 53 69 27
MEASURED TEMPERATURE: (OTHER STRUCTURES,

FALL & WINTER MONTHLY) 2 40 3 16 22
MEASURED TEMPERATURE: (STEEL BINS & TANKS,

FALL & WINTER MONTHLY) 15 54 4 14 29
MEASURED TEMPERATURE: (STEEL BINS & TANKS,

FALL & WINTER WEEKLY) 32 10 1 4 6
INSPECTED FOR INSECTS: (CONCRETE SILOS, DO NOT

SPRING & SUMMER HAVE STRUCTURE) 42 38 74 42 19
INSPECTED FOR INSECTS: (CONCRETE SILOS, MONTH-

SPRING & SUMMER LY) 18 46 11 46 42
INSPECTED FOR INSECTS: (OTHER STRUCTURES, DO

SPRING & SUMMER NOT HAVE STRUCTURE) 76 44 53 69 27
INSPECTED FOR INSECTS: (OTHER STRUCTURES,

SPRING & SUMMER MONTHLY) 3 52 17 22 34
INSPECTED FOR INSECTS: (STEEL BINS & TANKS, DO

SPRING & SUMMER NOT HAVE STRUCTURE) 9 6 17 58 10
INSPECTED FOR INSECTS: (STEEL BINS & TANKS,

SPRING & SUMMER MONTHLY) 35 58 27 31 45
MEASURED TEMPERATURE: (CONCRETE SILOS, DO

SPRING & SUMMER NOT HAVE STRUCTURE) 42 38 74 42 19
MEASURED TEMPERATURE: (CONCRETE SILOS, DO

SPRING & SUMMER NOT MONITOR) 11 14 21 21 40
MEASURED TEMPERATURE: (CONCRETE SILOS,

SPRING & SUMMER MONTHLY) 8 37 4 30 20
MEASURED TEMPERATURE: (OTHER STRUCTURES, DO

SPRING & SUMMER NOT HAVE STRUCTURE) 76 44 53 69 27
MEASURED TEMPERATURE: (OTHER STRUCTURES,

SPRING & SUMMER MONTHLY) 2 40 3 16 17
MEASURED TEMPERATURE: (STEEL BINS & TANKS, DO

SPRING & SUMMER NOT HAVE STRUCTURE) 9 6 17 58 10
MEASURED TEMPERATURE: (STEEL BINS & TANKS,

SPRING & SUMMER MONTHLY) 17 54 4 14 21




Table 9. Adoption rates of pest management practices by percent by percent of operations for nursery
and floriculture production in Western states in 2009. Only practices adopted on 30% or more of
operations in either California or Oregon are included in the table. Data obtained from USDA-NASS
Pest Management Practices Survey.

% OF

OPERATIONS
PEST MANAGEMENT PRACTICE CA OR
PREVENTION: (BENCHES OR OTHER PLATFORM DEVICES SANITIZED BETWEEN USES) 42 24
PREVENTION: (CONTAINERS SANITIZED BETWEEN USES) 44 24
PREVENTION: (FIELD OR GREENHOUSE BORDERS OR LANES WERE TILLED, MOWED, OR
BURNED) 37 63
PREVENTION: (INCOMING STOCK INSPECTED) 57 50
PREVENTION: (INFECTED PLANTS OR PLANT PARTS REMOVED OR PRUNED) 68 90
PREVENTION: (WATER MGMT PRACTICES USED) 43 27
AVOIDANCE: (CROP OR PLANT VARIETY CHOSEN FOR SPECIFIC PEST RESISTANCE) 33 29
AVOIDANCE: (GREENHOUSE SCREENING USED) 34 17
AVOIDANCE: (PLANT DENSITY ADJUSTED) 39 60
AVOIDANCE: (PLANTS ELEVATED) 32 46
AVOIDANCE: (STERILIZED GROWING MEDIA USED) 38 35
MONITORING: (INSECT TRAPS USED FOR PEST DETECTION) 38 8
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY CONDUCTING GENERAL
OBSERVATIONS WHILE PERFORMING ROUTINE TASKS) 79 74
MONITORING: (SCOUTED - FOR PESTS OR BENEFICIAL ORGANISMS BY DELIBERATELY GOING TO
THE CROP ACRES OR GROWING AREAS) 31 10
MONITORING: (WEATHER DATA USED TO ASSIST DECISIONS) 58 76
MONITORING: (WRITTEN OR ELECTRONIC RECORDS KEPT TO TRACK THE ACTIVITY OF PESTS) 31 6
SUPPRESSION: (GREENHOUSE RELATIVE HUMIDITY MODIFIED) 44 62
SUPPRESSION: (GREENHOUSE TEMPERATURE MODIFIED) 32 62
SUPPRESSION: (GREENHOUSE VENTILATED) 55 46
SUPPRESSION: (GROUND COVERS, MULCHES, OR OTHER PHYSICAL BARRIERS MAINTAINED) 47 66
SUPPRESSION: (PESTICIDES WITH DIFFERENT MECHANISMS OF ACTION USED TO KEEP PEST
FROM BECOMING RESISTANT TO PESTICIDES) 49 26
SUPPRESSION: (PLANT TISSUE DRYNESS MGMT USED) 43 50
SUPPRESSION: (RECOMMENDATIONS FOR PEST CONTROL OR PESTICIDE USE, MOSTLY FROM
FARM SUPPLY OR CHEMICAL DEALER) 44 61
SUPPRESSION: (OBTAIN PESTICIDES MOSTLY FROM CHEMICAL DEALER) 78 93
SUPPRESSION: (APPLY PESTICIDES BASED MOSTLY ON A PREVENTATIVE SCHEDULE) 33 26

SUPPRESSION: (APPLY PESTICIDES BASED MOSTLY ON SCOUTING DATA & YOUR ESTABLISHED
THRESHOLDS) 41 63
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