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Introduction

Old time pest management, largely forgotten, did a
fair job on some weeds, insects and diseases, but only
a fairjob. In part, this type of control depended upon
what are now considered rather crude machinery and
old-fashioned and sometimes dangerous inorganic
chemicals. Old hand-operated barrel sprayers would
never pass the OSHA safety standards, and the EPA
has cancelled registrations on all the inorganic
arsenicals. Small fruit and tree fruit quality and yield
depended more upon natures whims and the
growers good sense than chemicals. They seldom
realized the yield and quality potential of the fruit.
Occasionally, one or more of these bygone control
methods are reinvented, such as a cryolite apple bait,
but mostly they are no longer acceptable. The small
fruit industry developed diverse non-chemical prac-
tices over the past century, of which many, such as
roguing out infected plants, are still used today. It has
become apparent that the public as a whole wants
more non-chemical pest management methods in all
crops, especially those destined for human consump-
tion. For this reason, if for no other, growers need to
move away from chemical dependence as rapidly as
feasible.

Procedure
The 1995 pesticide use survey of small fruits and

the 1996 pesticide use survey on tree fruits relied
heavily on application records and the experience of
growers, processors, and crop advisors. A simple
survey of about 30 percent of Oregon wine grape
growers provided approximate figures that were
extrapolated statewide. A series of lengthy and
complex interviews with crop advisors and growers
produced the tree fruit and berry estimates. While
these surveys did not cover as many growers as did
the grape survey, they went into much greater detail.
For example, while the grape survey obtained the
number of pesticide applications, the tree fruit and
berry interviews also included the various application
dates and rates as well as other targeted pests. The
interviews also investigated pest control methods
devised after the EPA canceled pesticides such as
Dow General, Enide, Alar, and Comite.

In addition to pesticide cancellations, nonchemical
alternatives replaced some of the standard practices.
For example, primocane removal is more labor-
intensive because hoeing has replaced chemical
pruning with dinoseb. The interviews examined more
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closely the alternative nonchemical controls. Growers
answering the survey tended to skip certain items on
the grape survey form, but interview questions
examined all phases of the question. This was
especially useful when grower insight on particular
situations explained practice changes. In general,
nonchemical controls often do not provide simple,
straightforward questions for a survey form. These
practices often are better described in a paragraph
and sometimes are difficult to quantify. For example,
a grower who used drip irrigation in berries received
the added bonus of mold control because the foliage
and fruit were not sprayed with water, and a grower
who used weed control in d'Anjou pears also con-
trolled the spider mites living on the weeds. A survey
cannot supply a grocery list of such options and still
be simple. Complex surveys are not filled out properly
and often are not returned.

These interviews, therefore, went far beyond
asking a few simple questions, such as how much
pesticide was applied. They included other control
types and more detail. Nonchemical control varied
and in some cases defied an easy explanation:

certified stock topping
pruning cultivation
rotovating harrowing
disking burning
planting trap rows removing plant debris
irrigation management flooding
fertilizer management predator release
vertebrate predators crop rotation
roguing diseased plants barriers
hand weeding clean picking fruit
using clean equipment cutting weeds
cover cropping mulching
mowing sod pheromone trapping
field scouting sanding
tiling soil pH modification
repelling devices

These controls do not tabulate as pounds per acre
but can (with some latitude) be quantified as acres
treated. Fruit growers must submit pesticide use
records to food processors in the Pacific Northwest
before their harvested crops will be accepted, and the
Northwest Food Processor Association compiles
these records. However, no one monitors non-
chemical alternative controls, and these remain
anybody's guess. This is the first time anyone has
attempted tabulating all nonchemical pest control
measures.



Processor fleidmen and crop advisors reviewed
the survey results and made changes accordmg to
their records and experience.

Summary
Nonchemical pest management has, from the

beginning, been the major contributor to insect,
disease, and weed control in small fruits and tree
fruits. When moldboard plows first undercut the
fertile Willamette soils, in the 19th century, few
resident pests posed a threat to domesticated fruit.
This all changed as weeds, insects, and diseases
immigrated to Oregon by way of plants, animals, and
equipment. They quickly established niches in their
new environment, and pioneers, in response, began
combat, first by isolating their fruit from other crops
with pest problems. While the population density
remained low, local pest populations moved to new
sites slowly and only as adequate transportation
allowed. By the end of the 19th century, the valley
was sufficiently settled, ending the benefits derived
by crop isolation, and pests moved freely from place
to place unless stopped by barriers or poisons.
Physical barriers limited access to orchards and berry
patches. For example, planks set on edge along the
field perimeter blocked weevil access to strawberries,
since the root weevils could not mount this obstacle.
Small grains adjacent to berry patches halted the
strawberry crown moth because these insects flew
poorly and could not navigate over the cereal grains,
which often were 6 ft tall. Moths became trapped in
the grain and perished. Tanglefoot, a sticky barrier,
prohibited spider mites from crawling up tree trunks
to the fruiting limbs While barriers stopped some
pests, many winged, walked, or burrowed into the
patches, unrestrained by the local obstructions.
Poisons, applied locally, killed a great many of these
pests. For example, both nicotine water and emulsi-
fied kerosene quickly penetrated soft-bodied aphids
and killed them rapidly. However, when food proces-
sors began accepting farm produce, the average farm
berry patch grew from a half dozen acres, at best, to
20, 30, and 40 acres or more. The increased acreage
made local pest containment practices impractical.
Barriers required continual maintenance, and local
poisons could not control a dispersed pest population.
Sanitation and area-wide pesticide treatments supple-
mented or replaced these remedial measures. Instead
of treating scattered local pest populations, it was
more expedient to treat an entire field. Old fruiting
canes, fruit left hanging on the tree, leaves, and other
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Table 1. Small Fruit Chemical and Nonchemical
Management in Treated Acres.

Times Total
Chemical Practices Treated Acreage

242,900

Times Total
Cultural Practices Treated Acreage
Certified planting stock 1 1,400
Topping & pruning 1-3 13,300
Mechanical cultivation 1-4 46,800
Burning 1 1,300

Trap rows 1 1,400
Plant debris removal 1 28,700
Irrigation management 1-3 15,100
Fertilizer management 1 5,700
Predator release 1-2 300

Crop rotation1 1 3,000
Roguing plants 1-2 24,100
Barriers 1 400
Hand weeding 1-6 20,650
Clean picking 1-4 10,000
Clean equipment 1-3 15,000
Vertebrate predators2 continuous 26,540
Cover crop or mulching 1 1,150

Mowing sod 21,400
Pheromone trapping 1-3 17,050
Field scouting 1-6 18,000
Flood irrigation 1 300
Pruning and vine training 1-3 16,000

Sanding 1 500

Tiling (water drains) 1 60

pH modification 1 20

Repelling devices 1 780

272,650
1 includes plowing, disking, planting

2 domestic fowl and pets and endemic vertebrate predators

plant debris housed insects, such as cane borers, and
diseases, such as mummy berry and cane spot.
Timely field cleanup reduced insect and disease
prevalence, improved plant vigor, and prolonged plant
life. Pruning for the following year's crop revolved
around insect and disease management. Although
late-winter pruning provided work during the off
season, it increased leaf and cane spot disease on the
canes lying on the ground and opened wounds for
pseudomonas on apple trees. Although late summer
pruning practices interfered with other farm harvest
activities, it enhanced crop sanitation. Trap crops and
trap rows attracted insect pests, such as the

Herbicides 1-3 51,500
Insecticides 1-4 48,900
Fungicides 1-10 136,800
Other Pesticides 1 5,700



Table 2. Insecticide Use Estimates for Small Table 4. Fungicide Use Estimates for Small
Fruits. Fruits.

Table 3. Herbicide Use Estimates for Small
Fruits.

Table 5. Miscellanous Pesticide Use Estimates
for Small Fruits.

strawberry crown moth. A poison, such as a natural
pyrethrum, killed these moths outright. Otherwise,
growers used a hot flame or similar destructive
means to eliminate the trap rows entirely, including
crown moth egg masses. Over time, these control
methods combined into more complicated cultural
practices. Growers may or may not understand why
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Insecticides Pounds
oil 35,000
carbaryl 12,000
diazinon 8,300
dimethoate 390
azinphos-methyl 1,100
acephate 200
chiorpyrifos 1,900
sodium fluosilicate 1,800
carbofuran 2,400
malathion 4,900
soap 1,900
B.t. 4,300
methomyl 50
phosmet 30
bifenthrin 790
esfenvalerate 330
fenbutatin-oxide 2,700
dicofol 2,700
propargite 1,400
endosulfan 2,600
Total 84,790

Herbicides Pounds
diuron 8,400
napropaniide 21,000
oryzalin 3,200
oxyfluorfen i,ioo
simazine 12,500
norfiurazon 3,900
2,4-D 5,300
sethoxydim 140
paraquat 5,700
glyphosate 7,500
dichlobenil 4,600
chloropropham 1,000
dalapon 9
metam-sodium ii000
pronamide 1,000
terbacil 1,500
monocarbamide 5,100
fluazifop-butyl 12
Total 92,961

Fungicides Pounds
calcium polysulfide 63,000
captan 21,000
copper 25,000
dmocap 10
fenarimol 330
myclobutanil 930
sulfur 129,000
triadimefon 140
triflumizole 1,500
calcium bicarbonate 200
benomyl 2,800
DCNA 80
iprodione 18,000
mancozeb 1,900
metalaxyl 7,400
chlorothanonjl 15,000
captafol 1,200
carbamate 2,900
maneb 500
zineb 300
Bordeaux 8,200
triforirie 360
fosetyl aluminum 7,500
vinclozolin 15,000
thiram 700
ziram 410
thiophanate-methyl 45
Total 239,405

Others Pounds
diphacinone 11

metaldehyde 130
zinc phosphide 120
fenaniiphos 1,000
Total 1,261

Grand Total 418,417



Figure 1. Pounds of pesticide applied to
caneberries and strawberries.
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they do things, other than that was the way grandpa
did it for reasons long forgotten. New cultural prac-
tices developed by universities (such as the use of
cover crops in caneberry aisles) often were already a
part of grower management schemes.

The history shows that, when the growers' time
and the treated acreage are considered, chemical use
always has been less favored than cultural methods.
Table 1 divides small fruit pest management into
chemical and nonchemical practices. Some cultural
practices-rotating crops and cleaning equipment-
target insect, disease, and weed pests. Other prac-
tices, such as irrigation management, target only
fruit-rot organisms.

Tables 2 to 9 show the 1995 pesticide use for small
fruits and tree fruits. Pesticide use on small fruits and
grapes has dropped from 692,000 lb to 418,000 lb
over the 1990-1995 period while, at the same time,
the total planted acreage has increased.

Assuming that the survey data are reasonably
accurate, with a few adjustments, they indicate a
downward trend in overall pesticide use. Figure 1
shows this trend in caneberries and strawberries.
However, the pesticide boom accelerated during the
1930s into the war years. This reflects, in part, the
difficult economic times of the Great Depression, but
mainly it shows the surge in new synthetic chemistry
spurred on by World War II. Lime sulfur, sulfur,
copper hydroxide, copper sulfate, and dormant oils
dominated all other foliar pesticides. However, from
the late 1 950s on, soil fumigant use amounts soared,
especially the use of these chemicals: Vapam, Telone,
Shell D-D, methyl bromide, and ethylene dibromide.
Pesticide use peaked during this period.
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Table 6. Insecticide Use Estimates for Tree Fruits.

Insecticides Pounds
oil 1,132,496

chlorpyrifos 64,640

azinphos-methyl 62,347

phosmet 44,635

malathion 35,655

B.t. 30,604

abamectin 12,899

dimethoate 12,493

endosulfan 11,035

methyl parathion 4,838

diazinon 4,775

carbaryl 3,628

fenbutatin-oxide 2,498

esfenvalerate 2,437

methidathion 2,363

pseudomonas fluorenscens 1,295

formetanate-hcl 1,119

oxamyl 849

imidacloprid 741

clofentezine 431

hexythiazox 430

lindane 248

phosphamidon 165

diflubenzuron 144

Total 1,432,765

Table 7. Herbicide Use Estimates for Tree Fruits.

Herbicides Pounds
simazine 23,856

glyphosate 19,566

oryzalin 16,569

paraquat 12,781

2,4-D amine 11,085

oxyfluorfen 9,173

diuron 5,762

norflurazon 4,514

amitraz 3,085

dichiobenil 1,955

napropamide 1,831

pronamide 1,325

pendamethaim 372

sethoxydim 216

metolachior 147

terbacil 76

Total 112,313



Table 8. Fungicide Use Estimates for Tree Fruits.

Table 9. Miscellanous Pesticide Use Estimates for Tree
Fruits.

The more recent decline in pesticide use has one
possible explanation: the substitution of one pesticide
for another. For example, the fungicide captan
(applied at 2.0 lb per acre) may be substituted with
Rovral or Ronilan, which is applied at 0.5 lb per acre,
a four-fold reduction. In addition, using fewer applica-
tions per year also reduces the total amount applied.
A greater change occurred in the use of soil fumi-
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gants. In the past, growers applied Vapam, methyl
bromide, Telone, EDB, and Shell D-D. Now they
avoid planting in pest-ridden soils that would require a
nematacide or other fumigant. For all practical
purposes, only Vapam and Telone remain options, and
they depend on dry springs before planting to be
effective. The past 5 years has seen changes in
pesticide use. New products, such as Indar, Provado,
and Procure are replacing older products including
organophosphate and carbamate pesticides. Because
the new products require significantly less active
ingredient per acre, often 2 to 6 ounces, less material
moves into the environment. At the same time,
however, less product makes thorough application
critical if that small amount of material must cover
the same area the older pesticides protected. For
example, 2 oz of Indar 75WPS can replace 4 lb of
Captan 5OWP or 48 oz of Funginex for brown rot
control in sweet cherries.

In the late 1 980s, researchers expressed concern
about the rapid loss of fungicides because of chronic
toxicity problems. The Environmental Protection
Agency removed the EBDC fungicides from registra-
tion on tree fruits for a year, but later changed their
minds and reinstated the registrations. For a time tree
fruit growers had no new fungicides. However,
several new registrations have opened the door to
disease management through rotating fungicide
sprays. Orbit, Elite, Indar, and Procure used in
rotation with captan, Benlate, Rovral and other
fungicides are extending the life of all fungicides.

However, this has not applied to control of codling
moth in apples and pears. Azinphos-methyl is still the
predominant organophosphate insecticide applied.
However, new management programs such as the
Codling moth Areawide Management Program
(CAMP) have been increasing acreages in Washing-
ton state. Growers may enroll over 30,000 acres of
Washington apple orchards in this attempt to reduce
insecticide use for control of codling moth and other
secondary pests. The extensive use of insecticides
for codling moth control has led to an increase of
other arthropod pests such as spider mites, leaf
miners, and leaf rollers. Oregon has not seen expan-
sion of this program similar to Washington. This
program is attempting to bring about area-wide
mating disruption by use of pheremones. This is not a
new concept, but it has reduced the use of organo-
phosphate insecticides in the areas where it has been
implemented.

Fungicides Pounds
sulfur 250,694
copper hydroxide 223,525
calcium polysulfide 188,995
mancozeb 103,742
ziram 77,032
dodme 50,316
copper 22,856
benomyl 19,614
iprodione 179
triflumizole 7,015
captan 5,613
fenarimol 4,459
myclobutanil 4,100
triadimefon 1,156
tebuconazole 941
triforine 422
thiobendazole 328
propiconazole 282
fenbuconazole 183
Total 961,452

Others Pounds
metam- sodium 33,204
NAA 9,542
streptomycin sulfate 8,014
fenoxycarb 4,936
terramycin 2,728
gibberellic acid 1,135
ethephon 532
NAD 484
Steriseal 257
zinc phosphide 74
diphacinone 42
chlorophacinone 5
Retain 1

Total 60,954



The Future
Pesticide use on small fruits is dropping toward

prewar amounts. Changes in acres planted affect
this, however. As planted strawberry acres have
declined substantially, grape acreage has increased,
balancing the total. What does the future hold in
pesticide use amounts? I believe use amounts will
continue to decline. Scientific scouting based on
appropriate modeling will help decrease insecticide
use by over half in the next 10 years. Fungicide use
should remain at current levels. Sulfur and copper
products will dominate because they are environmen-
tally friendly, relatively inexpensive, and broad
spectrum in effect. Herbicide use will drop, though
not as rapidly as insecticide use. As fuel prices rise,
growers will depend on herbicides more than tractor
tilling New herbicide chemistries will allow substan-
tially lower use rates. The greatest potential for
reduced pesticide use in the first quarter of the 21St
century will come from new spray technologies that
will recover sprays (especially insecticides and
fungicides) and pinpoint application. Satellite field
mapping in conjunction with pesticide application will
eliminate treatments below threshold. Applicators will
apply pesticides only to selected portions of a field
instead of doing blanket treatments. Recovering and
reusing fungicides with high-tech equipment will
reduce fungicide use by 80 percent. By 2025, total
pesticide use on small fruits should be less than
150,000 lb annually or about 30 percent of current use
levels.
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Fruit Management Strategies

Root Weevils
The spray calendar concept originated late in the

19th century when horticulture pest management was
still in its infancy. It seemed, at the time, a sound
management method to spray insects and diseases
routinely according to sequential calendar dates. Tree
fruits and small fruits particularly appeared to fit this
sort of pest control idea that led to spray timing
terminology, dormant, delayed dormant, prebloom, full
bloom, post bloom, etc. The Pacific Northwest small
fruit industry faced two major pest management
crises. First, rapidly expanding horticultural crop
acreages from western Oregon to British Columbia
provided a critical mass of host plants that sustained
high insect and disease populations from year to year.
Second, farmers and researchers had a poor under-
standing of pest life cycles. As a result, all cultural
and chemical control recommendations from the
Experiment Station were general in scope and well
suited to a spray sequence that growers could post on
a calendar. Small fruit pest management limped
through the decades that followed and provided short-
term solutions to chronic insect and disease problems.

Many early small fruit growers left their patches in
too long. In the Hood River district, where strawber-
ries got their start, orchardists interplanted strawber-
ries during the tree fruit establishment years. These
plants occupied the aisles until orchards came into
bearing, after which time they were plowed under.
Usually, patches began to decline by the third full
crop. Regardless, tree fruits soon dominated the site,
and strawberry pest problems no longer mattered.

Root weevils have been associated with domestic
strawberry plants since the Oregon pioneering days
and always have lived along with the native straw-
berry. As long as berry patches remained in the
garden, the weevils freely moved to and fro without
inflicting measurable damage. A berry patch might
remain in a general area for 10 or 20 years without
any noticeable decline because the gardener simply
started another patch or removed the sickly plants.
Root weevils that found a home in the patch needed
to contend with predatory residents, such as moles
and chickens. In favorable conditions, these and other
persistent predators checked rapid weevil population
expansion. Within a dynamic environment having
many genuses represented, predator-prey relation-
ships established boundaries, and, under such natural
pest management, one kept the other in check. In
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times of abundance, root weevil populations grew.
Typically, both the weevils and the strawberries
benefited from light, well-drained, moist soils, making
the strawberry patch an excellent weevil breeding
ground. However, predators preyed on the larvae.
Poultry, quail, and other birds consumed larvae
exposed by a plow or other implement. Ground
beetles, wasps, and other insects preyed on both
adults and larvae. Toads and frogs consumed great
quantities of adult weevils. Moles, skunks, hedgehogs,
and shrews also were effective predators. Although
these predators reduced local populations, they were
only a part of a long-term solution. And, taking
advantage of a rapidly expanding strawberry industry,
the weevils could expand in a large monoculture,
something that was not possible on multi-specied
home gardens.

Shortly after the turn of the 20th century, during
the rapid growth of the strawberry processing
industry, weevil populations surged and posed a
serious threat to monoculture strawberries. Root
weevils, mostly found in the northern Willamette
Valley counties, became quite noticeable by 1909.
They had been building up, a field here and a field
there. Growers, shocked and dismayed, began taking
fields out, often shortly after they had planted them.
The only management method with any success was
to limit the crop to one crop year. The situation was
so serious that by World War I, the state legislature
imposed a quarantine against selling root weevil-
infested berry plants. Unexpected pest problems
developed quickly, and as time went on, it became
more complex. As different weevil species prolifer-
ated, the problem became more serious.

Farming practices compounded the root weevil
problem. Plowing under badly infested fields in the
summer forced mass weevil migrations to other
patches or suitable host plants. The horse-drawn
moldboard plow did not harm the hard-bodied adult
weevil, and, since by this time all larvae had pupated,
they merely crawled out of the soil and moved on,
ensuring a crop failure in an adjacent berry patch.
This widespread practice quickly magnified the
infestation and created a crisis situation shortly after
World War I.

As small fruit acreage increased, Oregon Agricul-
tural College entomologists Lovett and Cordley
recognized weevils as serious pests, but they didnt
understand the weevil biology. The entomologists
knowledge gap blurred their taxonomic distinctions
among the weevils. This confusion hindered the



development of management methods to combat the
pests. At that time, the weevil complex included these
insects: strawberry root weevil, rough weevil, and
black vine weevil.

Fumigants, such as carbon bisulfide, generally
proved toxic to the strawberry plant and the weevil.
Nicotine, various arsenates, pyrethrum, and other
popular sprays did not reduce weevil populations, and
berry farmers who had spraying or dusting equipment
did not always use it properly. Mixture rates were
more a matter of guesswork than science, and farm
formulations never were uniform. In general, the
knowledge necessary to maintain healthy berries did
not exist. Growers had little success with chemical
control until a Snohomish County fruit inspector, M.J.
Forsell, discovered that adult weevils would eat
poisoned apple pomace bait. Poison baits proved to
be an economical and consistent method to reduce
crop damage. In 1925, soon after this discovery, the
Washington Experiment Station developed an apple
pomace bait that contained a stomach poison.
Forsell, however, patented his bait under the name
"Go-West" in 1926. Go-West bait contained dried
apple pomace combined with 3.5 percent magnesium
arsenate. The Oregon Canning Company of
Newberg ground more than 20 tons of this type of
bait with a hammermill. Just how much apple and
bran bait Pacific Northwest strawberry growers used
annually in those years is unknown, but a conserva-
tive estimate, based upon the number of acres in
production and the popularity of the bait, suggests
they might have used 350,000 lb of toxicant. How-
ever, as the nation entered the Great Depression, bait
use declined significantly. In time, calcium arsenate
and sodium fluosilicate replaced most other toxicants.

This first successful bait targeted native and so-
called "imported" adult weevils at different seasons.
Exact bait timing was critical. It was best to apply it
some time after adults emerged and before they laid
eggs. About 2 weeks before the end of harvest, when
most of the imported root weevils had changed into
adults, was a time when poison bait treatments were
most effective. In contrast, the native weevils over-
wintered as adults and began feeding in early spring.
While a treatment during harvest killed the imported
weevils, late treatment failed to stop native weevils
from laying eggs. These beetles required early spring
baiting. Regional, slope, and weather differences
advanced or retarded bait timing. These variables
made weevil management difficult. Of course,
confusion existed as to what was imported and what
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was native. Taxonomists devised a system that keyed
the insects precisely, or at least they thought they
had. Root weevil control methodology advanced as
researchers understood the weevil more clearly.

Strawberry acreage doubled when farmers
believed that the newly developed weevil baits would
control the pests. Many folk had witnessed the
codling moth devastation of the state apple industry
30 years prior, and they recalled that the new arsenite
insecticides, Paris Green and London Purple, con-
trolled the insect, salvaging later crops. This would, of
course, be no different: the silver bullet.

Weevils inflicted damage on other berries as well.
Until the development of an effective bait, root
weevils were unchecked in the cranberry bogs.
However, the weevil fed voraciously on Go-West
brand arsenate bait that farmers scattered about the
dry bog. Mice also fed on homemade apple pomace
arsenate baits without noticeable acute toxicity.

Some of the species did not require males to
propagate, which explained why they could reproduce
and become destructive in a short time. Left
unchecked, these parthenogenic females could
produce billions of progeny in five generations.
Finding a practical weevil management solution has
engaged the minds of Pacific Northwest entomolo-
gists ever since. Proposed methods have included the
influences of weather, predators, cultural techniques,
and poisons.

Root weevil control began with crop rotation.
Continuous strawberry culture only nurtured the
weevil and created unmanageable populations. Under
proper crop rotation practices, strawberries bore a
crop in the second and third year, and only saw the
plowshare in the fall when larvae and eggs were
most vulnerable. Lifting and burning strawberry
plants before fall plowing increased weevil mortality.
Subsequent cultivation continued to expose larvae and
adults to the elements and predators. At the end of
several alternate crop years (crop rotation), newly
planted, clean, healthy, vigorous strawberry stock
would thrive.

Although collecting adults, before they oviposit,
may seem rather crude, such methods proved effec-

tive in France on small patches in a close community
Some farmers practiced flooding, such as in cran-
berry bogs, but such attempts have been ineffective
in Oregon. One method employed by Willamette
Valley berry farmers was an oil barrier, which could
successfully protect small patches. They would set a
wooden plank on edge along the perimeter of a



strawberry patch. Farmers then buried open-topped
cans level with the ground along the outside of the
barrier and filled the cans with a water and kerosene
mixture. Adult weevils, which tended to walk along-
side the plank barrier, fell into the mixture in the cans
and died. Some growers used sticky barriers, but dust
and debris quickly inactivated Tanglefoot and other
such barriers.

While poisonous baits reduced numbers of adult
weevils, the expense of baits coupled with the
ensuing economic depression led most growers to
simply establish a new planting in ground free of this
insect. In time, of course, the number of weevil-free
fields diminished, and control required a more aggres-
sive approach.

The mild 1940 winter brought the root weevils out
earlier than expected. The Experiment Station urged
growers to apply extra weevil bait that year as well
as in the years that followed. They felt that the life
habits had changed enough to warrant extra treat-
ments. Despite the Experiment Station success, not
all growers had a similar success baiting weevils.
And while researchers chided the farmer for poor
timing, the fact was that baits simply did not work as
well as marketing asserted. The weevils' natural
preference for strawberry roots often overshadowed
their fondness for dried apple pieces tainted with a
poison. Because adult weevils ate notches out of the
leaf perimeter, periodic monitoring of leaves also gave
notice of weevil activity. By baiting heavily infested
areas, farmers protected the other areas from
imminent weevil invasion. Broadcast baiting was
often unnecessary and wasteful, but it didn't take
much time. Baiting individual strawberry crowns,
however, killed the weevils more efficiently. Scouting
for weevils identified the patch areas that were
relatively weevil-free as well as hot spots that needed
continuous baiting. The effective use of the poison
baits depended on good scouting. Unfortunately, in
the 1940s, field scouts did not exist, and other matters
diverted a grower's attention from pest control. Thus,
the grower's kids normally applied baits more as a
routine than a science. Root weevils continued
unabated.

After World War II, chlorinated hydrocarbon
insecticides promised to provide the long-sought
weevil control. While even up to six baitings did not
control all the weevils, soil residual insecticides-
aidrin, chlordane, and lindanekilled nearly all the
larvae when it was worked into the soil at planting.
Baiting had cost a lot, especially for the hand labor,
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and grey weevils often escaped the baits because
early spring rains would wash the poison away. Root
weevils, however, easily succumbed to soil-incorpo-
rated insecticides. The weevils no longer damaged
berry crops except when growers left strawberries in
for more than 2 bearing seasons. Chemical control
targeted an assortment of weevils belonging to the
genera Brachyrhinus and Dyslobus. At planting,
growers incorporated 5 lb of aldrin or dieldrin or 10
lb of chlordane into the top 6 in of soil to suppress
larvae population growth for several years.

After several years when weevil control seemed to
be in hand, weevils began appearing in strawberry
fields again. In 1962 and the years following, numer-
ous reports from Washington County indicated that
weevils were advancing. Entomologists discovered
three previously unidentified weevils: ash gray,
woods, and the obscure weevil. None of the chemi-
cals seemed to affect these weevils. Night foliar
Guthion sprays targeted the obscure weevil, but the
others escaped. A 6 lb side-dressing of DDT, moved
into the root region by water, killed them. A total of
10 lb of DDT, 5 lb of Aidrin, and 2 lb of Guthion per
acre killed most of the root weevils, but things were
clearly getting out of hand. The woods weevil and
obscure root weevil did not succumb easily to these
treatments, but it appeared that the obscure weevil
was the less troublesome of the two. It was the
lesser of two weevils.

Adult weevils, found in crates of harvested red
raspberries, became a noticeable problem in the
1 960s. Weevils, which do not fly, entered across field
borders, and the long life of the cane fields compli-
cated controlling them with preplant soil residual
insecticides. Obscure root weevils resting on leaves
fell into the berry trays when dislodged by pickers.
Growers beat the fruiting caneberry canes over white
sheets before harvest and estimated the infestation by
counting the weevils that fell into the sheets. They
used this infonnation to plan a control strategy. A
cleanup spray using Guthion or malathion over the
infested vines prevented these weevils from contami-
nating the fruit.

The loss of aidrin and dieldrin removed the major
root weevil chemical strategy used by growers
throughout the 1 950s and half the 1960s. Root
weevils had remained a problem through those years,
but aldrin, dieldrin, DDT, and chiordane had sup-
pressed them. Eventually, however, they would
become resistant to those insecticides. The EPA
cancelled aldrin use on all crops. Chlordane had not



performed well and it suffered the same fate at the
end of the 1970s. Farmers could still use Guthion
foliar treatments, at least for the weevils that fed on
the foliage, but experience showed that the timing
was so critical that growers seldom benefited from
Guthion applications.

By the mid-i 970s, at least nine recognized weevil
species infested strawberries. FMC registered
Furadan in 1976 as a weevil insecticide that many
hoped would cure the problem. Applied in the fall,
Furadan killed some of the weevils, and when it
leached into the root zone, it killed many larvae. A
postharvest Furadan application helped manage
weevil populations.

Strawberry root, black vine, and obscure root
weevil abundance increased significantly after the
EPA banned the remaining chlorinated hydrocarbons.
From 1981 to 1984, their presence in strawberries
and raspberries increased dramatically. Weevil
scouting increased, but early detection depended
largely on the scout's experience and a little luck.
Notching along the leaf perimeter certainly indicated
adult weevil feeding, but such damage had other
sources as well, and a small weevil population easily
could be overlooked if growers depended on one
detection method. At night, weevils crawl from their
crevices and other hiding places and walk about on
the leaves. A scout with a sweep net and flashlight
often could detect populations even when the familiar
notching was absent. In spite of several inspection
methods, weevils often escaped detection.

In the 1 990s, the most troublesome root weevil
species were the strawberry root weevil and the
black vine weevil. Other weevils appeared sporadi-
cally. Furadan 4 flowable received mixed reviews
from growers. Its short soil residual life required
immediate movement into the root zone for a satis-
factory larvae kill. These weevils were more a
contamination problem in caneberries but could harm
roots as well.

In 1992, Brigade gave excellent weevil kill for up
to 3 weeks, but along with excellent weevil control
came a heavy price: Brigade also killed most preda-
tors. This caused a massive increase in twospotted
spider mites, another very serious pest in berries.

The black vine weevil finally became established
in Oregon grape vineyards in the 1990s. The adult
weevils fed on flowering grape clusters, lowering
yields up to 3.5 tons an acre in some portions of the
Pacific Northwest. Clean cultivated vineyard floors
reduced their prevalence. Spring cultivation with a
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grape hoe destroyed many of the larvae Furadan
treatments starting in June reduced populations, but
the chemical needed to move into the root zones of
the host plants to be effective.

Weevils also destroyed cranberry bogs, occasion-
ally killing entire plots. Boards, one foot square,
placed on the ground, helped measure weevil densi-
ties within the bogs. Weevils crawled underneath
these boards to hide during the day. Night bog
inspection with a sweep net monitored active adults
eating the cranberry foliage. The net was the most
accurate and sensitive of the sampling techniques,
and also the most inconvenient. Sweeping dislodged
berries and dropped blossoms, but losses generally
were inconsequential. Warm weather heated the
boards and forced weevils to seek other shelter, and
as a rule, early morning trap board inspections gave a
better reading in warm, sunny weather. Parasitic
nematodes worked fairly well in some cranberry
bogs, but not in strawberries. Parasitic nematodes
(Heterorhabditis heliothidis) provided little manage-
ment. A month-long bog flooding in winter killed
black vine weevils and other insects that inhabited the
bottoms. Longer periods of flooding damage cran-
berry plants, reducing vigor. Fall flooding, while
weevil larvae are small, was more effective than
spring flooding. The black vine weevil was a very
serious pest by the late 1 980s. Furadan, the only
chemical registered for its treatment, provided
marginal control under average conditions. Equipment
that spread granular Furadan about the bog when the
young larvae were active crushed developing berries
and knocked off flowers. Earlier applications avoided
damaging the crop, but the weevils were not in the
susceptible stage. Postharvest applications suffered
the same fate. An Orthene registration for black vine
weevil promised to control adult weevils in the bog,
but it had an unfortunate side effect: it repelled bees.
Thus, there was a rush to claim losses for alleged
yield declines, and the manufacturer withdrew the
registration. In 1991, the EPA cancelled the Furadan
registration for use on cranberries. Cryolite baits
showed promise in the bogs. They were touted as
"very successful," but historically, this bait has never
managed the weevil complex well. Today the weevil
problem is so serious that anything approaching
control is praised.

Leaf rol lers
Small numbers of obliquebanded leaf roller larvae

began appearing on berry crops in 1940. In 1943 high



leafroller populations reduced the red raspberry
harvest by 50 percent, causing hundreds of thousands
of dollars worth of damage. This incident followed
many years without insect problems. Many enemies,
such as wasps, had kept the leafrollers in check
before 1943. The tachinid fly and a small parasitic
wasp were the most active of many natural enemies.
Together, they have (at times) parasitized 99 percent
of the insect population. When natural or man-made
changes in the environment drastically reduced
predator populations, leafrollers expanded their
influence in a few short years. Since about 75
percent of overwintering larvae remain on old canes,
removing and burning current-season fruiting canes
after November 1 reduced epidemic populations.
Prior chemical control had depended on stomach
poisons. Arsenate of lead combined with an oil base
sticker could kill up to 80 percent of the larvae when
weather improved and they began moving about. All
dusts performed poorly when compared to sprays.
Toward the close of World War II, Gesarol dust or
wettable powder gave nearly 100 percent control.
Geigy Company provided the experimental DDT in
1944. Insecticides were most effective when applied
prebloom after all the hibernating larvae had
emerged.

The obliquebanded leafroller normally caused
insignificant damage to berries. Few growers sprayed
specifically for this pest. Occasional use of arsenate
of lead at 4 lb per 100 gal of water applied in late July
eliminated most of the larvae. By delaying cane
removal and berry yard cleanup until November,
growers allowed the maximum time for worms to
hibernate. Subsequent destruction of canes and debris
eliminated much of the next year's infestation.

The orange tortrix was not numerous in the
Willamette Valley and seldom warranted any insecti-
cide treatment. Obliquebanded leafroller cultural
controls applied to the orange tortrix. Although the
orange tortrix had been a pest mainly confined to
greenhouses, in June of 1947, large numbers suddenly
appeared in raspberry, boysenberry, and blackberry
fields in Multnomah County. This larvae had infested
a few fields in northwestern Washington since 1938,
but nothing of this magnitude. Its sudden appearance
in the northern Willamette Valley followed the intro-
duction of DDT. By July, the Experiment Station
joined in the fight. Because Washington State had
experienced orange tortrix infestations the pervious
year, affected growers in Oregon followed the
Washington recommendations, applying 3 to 4 lb of
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cryolite with 1 qt of summer oil or 50 lb of dust in
early spring.

Researchers inadvertently discovered that
Rhothane caused serious increases of twospotted
mite populations, presumably because it killed preda-
tors. Dangers of mite outbreaks led to increased use
of DN (a miticide) sprays and dusts to suppress their
populations. While Rhothane killed the orange tortrix
larvae in 1948, DDT controlled the obliquebanded
leafroller on raspberries. Rhothane proved to be the
most effective material for combating the orange
tortrix in the serious 1947 outbreak. Both insects all
but disappeared in the 1950 season, and in 1951,
Oregon growers discontinued control sprays.

Similarly, parasitic Braconid wasps in the Puyallup
Valley held the orange tortrix population in check to
such an extent that by 1950, growers no longer used
chemical control measures. But in 1951, the orange
tortrix populations grew and increased even more. In
1952, pesticide use rebounded. The orange tortrix and
obliquebanded leafroller appeared each subsequent
year, often in serious numbers. Because parasites
controlled these pests well in non-epidemic years, a
better management strategy could have eliminated
insecticide sprays those years. But continuous DDT
applications on the obliquebanded leafroller over a
number of years sparked orange tortrix outbreaks.
What triggered their appearance in 1938, 1943, and
again in 1947, when previously neither had been of
economic importance? It appears that the underlying
circumstances preceded the war. In the 1930s,
nicotine sulfate, arsenate of lead, rotenone, pyre-
thrum, cryolite, and calcium arsenate out-sold all
other insecticides. It was only in the mid- to late
1930s that rotenone use expanded. Rotenone treat-
ments for fruitworms, spittlebugs, and other less
common pests would have killed many of the
leafroller's natural enemies. At that time, raspberry
fruitworm seriously infested Washington berries, and
three rotenone sprays or dusts, beginning at bloom,
checked the population. This period coincides with
the leafroller outbreaks. Treatments of infested fields
killed the fruitworm, leafroller, and the native en-
emies, leaving the fields more vulnerable to attack in
coming years. Rotenone, applied early in the season,
reduced their numbers. Once disturbed, however, the
predator-prey balance never completely recovered.

Chemical control remained the standard through-
out the 1 960s and 1 970s until pheromone trapping
made its debut. Serious caneberry monitoring began
with the orange tortrix and obliquebanded leafroller



pheromone traps. Before and into the 1 970s, crop
monitoring amounted to nothing more than a sweep
net and a general crop perusal. Although such
measures warned growers and processors of impend-
ing outbreaks, no serious management scheme, other
than aerial spraying, was ever implemented. The
preharvest cleanup spray did not adequately remove
contaminating leafroller larvae. Cold, wet weather
slowed insect maturation and prohibited most spray
applications. Pollinators, especially bees, worked in
warm, dry weather, and if the leafroller infestation
peaked during bloom, pesticide treatments killed a
horrific number of bees. Sevin, the typical leafroller
spray, was particularly hazardous to bees. Moreover,
no pesticide offered 100 percent control. In trials,
Sevin killed 60 percent of the orange tortrix, while
methoxychlor killed 85 percent under the best of
conditions. Leafroller larvae, overwintering on or near
canes, became active in the spring. They ate the
leaves and terminal buds, but a well-timed insecticide
treatment killed most of the larvae. These larvae
pupated and produced the second brood, which
contaminated fruit during picking.

Guthion treatments killed many of the overwinter-
ing larvae. However, once the next generation had
hatched, pollinators and spider mites complicated
spray treatments. Sevin killed predatory mites,
causing a mite explosion. It also killed the bees and
other pollinators working in the fields. Malathion was
less hazardous to bees, but it also was less effective
on leafrollers. By the 1970s, spider mites annually
infested up to 85 percent of Oregon red raspberries, a
consequence of broad-spectrum insecticides.

Synthesized pheromones that mimicked the real
ones were available, but this new technology added a
layer of pest management heretofore unseen in small
fruits and most other crops. Leafroller early detection
by monitoring moth flights allowed growers to use
chemical controls more effectively. Watching weekly
leafroller counts permitted the applicator to spray at
the most susceptible life cycle stage. Treating 10 to
15 days after the highest number of moths, that is,
when the adult flight had peaked, killed a great many
young larvae. In 1978, pheromone trapping was a
new innovation for monitoring leafrollers in
caneberries. Rufus LaLone and the Oregon Berry
Industry led the research and implementation of this
remarkable pest management program. At a time
when university support for agriculture was declining,
Field Department head Dean Katterheinrich hired a
young OSU 1PM specialist, Rufus Lalone, to take on
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the leafroller dilemma. Unlike past research pro-
grams, the university and Extension Service took a
back seat and observed. In 1979, the second year of
pheromone trapping, industry monitored 525 red
raspberry acres for the orange tortrix leafroller. Of
these, only 150 acres had populations that warranted
spraying. Nonetheless, many growers treated the
berries, being skeptical of this new scouting technol-
ogy. After a couple years the program expanded
from a few hundred acres to a full-fledged 1PM
program. The economic threshold set by this research
came to be 70 moths per week or a cumulative catch
exceeding 200. Fields involved in these studies had
fewer spider mite flare-ups. Eventually the North-
west Food Processor Association and the Oregon
Extension Service coordinated a grower education
program aimed at expanding this 1PM program to all
growers. When a particularly heavy leafroller epi-
demic struck in 1987, growers and field staff were
prepared with a trapping and scouting program that
ensured minimal leafroller contamination at harvest.

As is often the case, one pest control strategy
conflicts with another. Training primocanes is a
relevant example. Training the new primocanes in the
summer after harvest increases winter survival of the
larvae, especially the late instars. Larvae require
overwintering sites, preferably among leaves densely
clustered among wrapped vines and above the
ground. Normal winters kill more leafrollers than
insecticide sprays in the summer; therefore, spring
training suits this 1PM program well. Larvae are
forced to overwinter on the ground, among whatever
leaves are available. They fare poorly, being subject
to parasite attack and unfavorable weather. Leaf and
cane spot disease management demands summer or
fall training. Vines that overwinter on the ground are
more subject to disease. Therefore, two management
schemes work against one another. Adopting one
means negating the other.

Strawberry Crown Moth
The strawberry crown moth, native to the Pacific

coast, became a noticeable pest in 1898 and contin-
ued to increase in economic importance. Growers
began to dig out affected plants. The crown moth
was associated with old plantings, but by the 1920s it
was a common strawberry pest that invaded even
1- and 2-year-old patches. Limiting patches to 2
years provided some control. The old patches, under
poor management, propagated high numbers of moths
that served to establish large, stable crown moth



populations. They were unusually severe in 1924 and
1925, destroying not only well-established patches,
but new ones as well, something previously not seen.
(In addition, they began infesting black raspberry
fields.) At the same time, weevils were an over-
whelming pest. Together, crown moths and weevils
presented a formidable obstruction to strawberry
production.

Crown moths and root weevils can destroy berry
fields in 1 to 3 years, which shows that farmers did
not rotate crops, the cultural practice known to limit
the severity and spread of these insects. In the years
that followed, strawberry patch infestations increased
and in 1927, the Experiment Station began a formal
investigation.

The moth larva enters the strawberry near the
base and tunnels up through the crown's center. The
crown moth feeds on the outer tissues of the crown
and bores into the crown where it attacks the food-
and water-conductive tissues while the plant is
actively growing. At the first sign of drought, the
plants wilt. Any surviving plants yield poorly. The
standard practice was to plow under strawberries
postharvest and then plant a fall grain. This practice
destroyed 90 percent of the larvae. Topping straw-
berry plants and leaving a trap row had not yet
become a common cultural practice.

Because females had a low flight path, after a
field was clipped, the moths came into contact nearly
all the time with the unclipped (trap) rows. Barriers,
such as small grains planted along the perimeter of
strawberry patches, blocked the moths entering a
non-infected field during their flight period. By the
mid-1930s, topping had become a common practice.
Topping strawberry plants immediately after harvest
reduced the prevalence of spider mites and even leaf
spot (when the foliage was collected and burned).
However, when the strawberry crown moth was
present in the field, plowing under the plants (instead
of mowing) destroyed the moths before they emerged
and laid eggs. Trap rows offer an alternative to
plowing under a new strawberry planting that is
infected with crown moths. Crown moths prefer to
lay eggs on the attractive strawberry plants. Several
row sections left untopped attract newly emerged
moths to lay eggs there. Trap rows are destroyed
later. Growers could tug at strawberry tops late in the
season and expose the crown moth larvae, which
was feeding at or below the soil surface. When
infestation was light, removal of the infected plants
extended the life of the field. When growers did top
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strawberry plants, it had to be done immediately after
harvest in order to avoid damaging the fruit set for
the next years harvest.

In 1952 the crown moth seriously infested straw-
berries, and several fields were rotated out of berries.
Removing the tops and planting a grain barrier might
have reduced the infestation, but no one did this.
Heptachlor, chiordane, aldrin, and dieldrin showed
promise when worked into the soil. By the mid-i 960s,
diazinon and Guthion drench were the standard
treatment for the crown moth. In the 1970s, large
numbers infested some areas of Washington and
Oregon, causing a great deal of damage. Even though
chemical control never had worked well, growers did
not readily accept reverting to previous nonchemical
control measures, which they had abandoned in favor
of chemicals. The success of nonchemical treatments
depended on the growers' knowledge and vigilance.
Trap cropping, roguing out infected plants, placing
new crops carefully, and deep plowing all helped
control moths. Cultural control focused on destroying
the eggs and larvae at the end of the season. Even
though moths laid eggs over a 4-month period, trap
cropping eliminated most of the eggs and larvae.

In a typical scenario, strawberry crown moths
attacked a new blackberry field, which previously had
been planted in strawberries. Growers applied a
diazinon drench, whichif applied at the correct
timekills the larvae before they become too
entrenched. The adults emerged in June and laid their
eggs. By mid-July, about half of the larval population
in a given field had bored well into the crown. The
growers then applied August and September crown
drenchesusually diazinon, Orthene, Furadan, or
Guthion.

In the 1980s, the crown moth limited production of
strawberries as well as other berries. They infested
at least one-third of strawberries at rates high enough
to lower productivity value by $1.5 million. By 1984,
growers were combining pheromone trapping with
insecticide applications to better control the crown
moth. Treatments with Guthion or Thiodan, applied 9
to 14 days after the first consistent catch, greatly
reduced the insect prevalence.

Severe infestations require complete field renova-
tion. Although chemical control has been effective in
caneberries, it has not worked well in strawberries.
The peak moth flight coincides with harvest, making it
impractical to apply insecticides at this critical time.
Specialists recommend cultural practices for control.



Twospotted Spider Mites
Other more pressing insect and disease problems

overshadowed spider mites on caneberries and
strawberries until the mid-2Oth century. Burning
clipped foliage after harvest eliminated many
twospotted spider mites. Loose straw scattered about
the patch provided extra fuel during the burn. Other
than occasional flare-ups, the twospotted spider mites
seldom posed a problem in caneberries up until the
late 1940s. A finely divided sulfur dust or a light
summer oil kept these pests in check, although during
extremely dry years, mites threatened cane fruits.

This changed, however, with the advent of the
postwar insecticide generation. The attempt to control
leafrollers, aphids, weevils, and other insect pests
upset the predator-prey balance, and the twospotted
spider mite problem exploded into view, especially in
strawberry fields. Dicofol, the postwar "wonder"
miticide, added to the trouble by indiscriminately
killing both beneficial and harmful spider mites. After
nearly 50 years of this havoc, the EPA exacerbated
the problem by removing the only friendly acar-
acidepropargite--from the market.

Normally, predators reduce exploding spider mite
populations, but pesticides such as Furadan, Sevin,
and Keithane unleashed the destructive power of the
mites by suppressing the predators. While these
pesticides are potent, Plictran miticide caused less
distress among predators and still killed many spider
mites. Poor spray timing, where the grower simply
misses the best window for control, or poor spray
application, where the equipment simply cannot
penetrate and cover the leaf bottoms, cause control
failures and increase resistance buildup. Since spider
mites overwinter on canes and on the ground, fields
with a weed history and many broadleaf weeds
normally have greater mite infestations. Growers
correlated large mite outbreaks with Guthion and
Sevin applications, implying that these insecticides
played a key role in destroying predators. Late winter
propane burning of strawberries enhanced mite
control because predators were not present in the
field.

By the mid-1990s, in an attempt to control the root
weevils, growers used the insecticide Brigade, which
then killed all the predators, releasing the twospotted
spider mite population to exponential growth. Many
growers, however, now refuse to apply Brigade and
suffer the effects of the root weevils.
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Redberry Mites
The redberry mite was a relatively new pest in the

Pacific Northwest in the late 1920s, and in berries it
caused drupelets to remain red instead of ripening
normally. In 1930, the redberry mite unexpectedly
appeared in numbers sufficient to ruin many patches
and reduce yields on many others. Once the mite
appeared in the Northwest, it was easily transported
by berry flats from field to cannery and back to the
field. Equipment or anything mobile can move these
mites about. Canneries began considering tray
sterilization procedures to limit the spread; but it was
too late. The mite was everywhere. The first reports
of mite damage came out of Multnomah County
when a redbeny disorder appeared in Himalaya and
evergreen blackberries. Subsequent investigations
pointed to a smaller infestation the previous year.
Ashland growers had applied California recommen-
dations to the redberry disorder since 1927. A natural
enemy of this mite is a rather large predacious mite,
but it did not keep the redberry mite in check in 1930.
Following this outbreak, affected growers added new
sprays to their spray calendar.

The redberry mite, which causes redberry disease,
was especially harmful to evergreen and Himalaya
blackberries and loganberries. This epidemic sparked
research that eventually recommended a combination
of lime sulfur and oil sprays. By 1936, after removing
old canes, a fall application of summer oil or lime
sulfur (after growers removed the old canes), fol-
lowed by a late winter treatment of lime sulfur,
brought the mites under control for the remainder of
the century.

Cyclamen Mites
The cyclamen mite began injuring Oregon straw-

berries in 1929. Strawberry growers could destroy
mites with a hot water treatment of plants just before
planting. A hot water bath maintained at the critical
temperature range, 108 to 115°F, for 20 minutes killed
mites and not the plants. The cyclamen mite rarely
caused significant plant injury except in irrigated
districts where mites thrive, due to high humidity.
When these mites invaded a strawberry patch,
neither chemical nor cultural treatment could control
the pest.

Before 1958, growers were not concerned about
the cyclamen mites until the pests appeared suddenly
in Yamhill County on newly planted stock. Remaining
stocks received ethion or Thiodan treatments, which
delayed mite development 8 weeks further into the



season. DDT and Rhothane easily killed one natural
spider mite predatorthe lady bugand field
investigations proved that spider mite populations
increased rapidly in caneberries treated with these
new pesticides. DDT aggravated raspberry growers'
attempts to control the Willamette spider mite. TEPP
eliminated most of the beny mites. Dormant and
summer lime sulfur treatments still controlled
redberry and dryberry mites on blackberries.

Cyclamen mites were a problem in strawberry
fields in Washington and Oregon in the late 1 950s.
Their numbers increased during the 1 960s, sometimes
killing entire plants. For this new problem, the Exten-
sion Service recommended two annual diazinon
treatments. After FMC registered Thiodan for mite
control, the problem ceased until 1977, when mites
appeared in several Washington berry fields. In
California, Thiodan was ineffective, and repeated
Keithane sprays barely kept the pests in check.
Parathion and malathion promoted cyclamen mite
population buildup because they killed the predators.

Cranberry Fireworm
Fireworms came from the East Coast on nursery

stock. Chief among cranberry insect pests is the
blackhead fireworm, whose larvae produce a burnt-
foliage look in the cranberries that suppresses growth
for 2 seasons. The cranberry fireworms begin to
hatch at the time the cranberry buds start to break.
The newly hatched worms either tunnel into the fruit
buds or into the undersides of leaves. Refilling bogs
with water (reflowing) provided an alternative
cultural practice, nearly always used in preference to
spraying. Reflowing for a period of 48 hours desiroyed
great numbers of practically full-grown larvae.
Cranberry farmers with bogs not adapted for such
reflooding depended on the nicotine sulfate sprays.

Spraying began with a barrel sprayer operated by
several people. Some carried hoses; others operated
the hand pump. The hoses could damage the fragile
vines if allowed to drag along the ground. Men,
women, and children working together could treat a
bog. Later, motorized spray rigs replaced these
contraptions. In some areas, rail lines carried the
spraying rigs. Sometimes workers extended a long
pole from the cart carrying the barrel sprayer to hold
the hose above the berries. It operated like a boom.
Three or four treatments sufficed. Other insects
were present and required an arsenate poison in
combination with nicotine sulfate. Cranberry growers
followed a 10-day calendar spray routine that began
soon after egg hatch.
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In western Washington, stationary spraying plants
predominate. Galvanized pipes transport the sprays at
250 to 300 psi to the bogs. Faucets deliver the
fungicide and insecticide mixtures to the hoses and
spray guns. Most Oregon growers used barrel-and-
cart outfits with a hand pump instead of a gasoline
engine. These rigs delivered an inefficient, coarse,
spray on and off target. Sometimes, when cranberry
markets were poor the growers could not afford to
spray and therefore reduced the number of fireworm
chemical treatments

After World War II, two DDT applications helped
keep fireworms in check. Growers who did not spray
for fireworms not only increased the infestations in
their own bogs, but also those of their neighbors.
Generally, a methoxychlor spray about 2 weeks
following the second DDT spray kept these pests in
check. Most growers did not spray for the fireworm
until cranberries reached the hook stage, missing the
entire first brood. Some of this was habit. Older,
depression-era growers did not spray. Having two
broods each year extends the control period into
summer. The second brood is more severe, damaging
not only the current crop but next year's wood as
well. The diazinon, Guthion, malathion, and parathion
sprays that kill the fireworm also control the tipworm
and fruitworm, insects that were a major problem
before the introduction of postwar insecticides.

Major problems in chemical treatments revolved
around timing: Some never sprayed; others sprayed
four or more times, but never at the proper insect
stage. In sect webbing interfered with spray penetra-
tion, limiting the effectiveness of poorly timed sprays.
Most growers sprayed for fireworms using DDT on
the first spray and parathion on the subsequent. They
sprayed for fireworms whether or not the insects
were present. The Extension Service encouraged
calendar treatments. However, new laws dictated
penalties for failing to use pest control, and, therefore,
spraying was enforced.

Application equipment always posed a problem.
Most farmers did not have powerful spray guns but
relied on backpacks and wands, which did not
penetrate vines effectively and offered substandard
control. DDT and similar insecticides applied during
the bloom period proved fatal to honeybees and left
possible residuals for several days. Diazinon also
killed fireworms and, therefore, replaced earlier DDT
and parathion sprays. DDT was unpopular with
growers and was abandoned in the 1960s.



Pheromone traps showed that areas not covered by
sprinkler irrigation had higher moth counts. Although
pheromone traps promised precision spray timing,
moth flights normally peaked during bloom when
pollinators frequented the bogs. This led many
growers to remove bees from the bogs- in order to
spray for the fireworm. However, pollinators still
present in the bogs were killed. Because fireworms
lay eggs within the first 2 days of mating, targeting
adults was a poor strategy. Traps placed in May
detected the adult fireworm flight. The second
generation larvae begin feeding rapidly 2 to 3 weeks
later.

Parathion eased open the spray window, allowing
a comfortable time period for treatment. However,
replacement insecticides do not have this benefit, and
spray timing is everything. Excellent control during
the first hatch eliminated the need for further treat-
ments, but, without parathion, insecticide applications
increased significantly. Orthene sprays, timed with
pheromone traps, provided some control but could not
match parathion. The second treatment was always
confounded by the presence of both bloom and
pollinators. Lorsban, Guthion, and diazinon killed bees
easily as well as the fireworm. Pyrenone, which was
easy on pollinators, did not generally control the
larvae with a single application during the second
hatch.

Vegetation Management
Some would argue that weeds existed in Oregon

prior to settlement by the pioneers in the middle of the
19th century. Regardless, potential weeds abounded.
The plant population equilibrium, in place since the
Ice Age, did not yield easily to cultivation. The
moldboard plow broke the Willamette Valley sod, and
the axe and fire removed the timber. Domesticated
small fruits and other cultivated plants replaced these
native species. Although these native plant species
competed for available space, the highly competitive
species introduced by pioneers did so more aggres-
sively. These included quackgrass, bindweed, Canada
thistle, and others. In the end, growers had to continu-
ally battle competing plant "weeds." Otherwise,
over time, nature would establish a new equilibrium.

The virgin soil was largely free of seed, except for
the dominant plant species. The mild Pacific North-
west winters allowed plants to grow year around.
The farming practices promoted seed buildup in the
upper soil profile. Fine, tilled soils made an excellent
medium for propagating strawberries and other small
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fruits. Weeds, growing along ditch banks, roads, and
on vacant areas on the farm, supplied quantities of
seed to these exposed soils. By the turn of the
century, continuous cultivationby hand, hoe, and
implementhad incorporated weed seed into the
soil, and weed seed banks increased. The virgin sod
once had protected the land from seed accumulation,
but once clean, cultivated soil replaced that sod, most
weed seeds, especially those imported, began to build
up in the soil in large numbers, creating a seed bank.
Seed banks, depending upon the weed species, can
be dormant for 10, 20, 50, and even 100 years waiting
for the proper light, moisture, and temperature for
germination Poor initial vegetation management led
to continuing weed problems. Weeds reduced yields
and confounded harvest so much that growers began
to do weekly spring and summer cultivations.

Intensive tillage that produced fine manicured
berry aisles and incorporated weed seed also pro-
vided weed control early in the season and loosened
the ground, permitting light cultivation during the
season. Intensive cane fruit tillage began with
between-the-row plowing. This type of tillage often
damaged sensitive berry roots and moved the dirt
away from the vines. Then the farmers used a spiked
tooth harrow to break up moist clods, a grape hoe to
skim along the surface exposing weed roots as well
as berry roots, and finally a disk harrow to throw the
dirt back up to the hills to prevent drying. For the
remainder of spring and summer, at 10-day intervals,
they groomed the aisles with a spring-tooth harrow to
keep out newly germinating weeds. Applications of
barnyard manure added micronutrients generally not
found in commercial fertilizers of the day. This added
humus to the soil as well as weed seed when the
manure was not sufficiently heat cured. This type of
cultural vegetation management varied among
growers, but in general, provided a good weed
seedbed and generally reduced organic matter after
barnyard manures became scarce. Oregon Agricul-
tural College considered this the scientific approach
to farming berries, a culture that held sway until
midway through the 20th century.

Weed management methods cause an effect
called weed succession: that is, a practice effective
against one plant favors another. In the case of small
fruits, perennial grasses and broadleaf plants replaced
the annuals that growers continually weeded out.
Thus continuous cultivation led to the succession of
weeds from annuals to perennials. Crop rotation,
smother crops, and a scorched earth policy provided



the only methods that were somewhat effective
against deep-rooted perennials. On some berry land,
at that time, any weed control looked good. Growers
later compared chemical weed control with the older
cultural methods, and, by relative measures, thought
chemical control far superior. In other words, medio-
cre chemical weed control always will look good
when all you've known was poor weed control. And,
poor weed control looked better than no weed control
at all.

Weeds always were a problem in cranberries, as
in the other perennial berry crops. Mature cranberry
plants eventually smothered many of the smaller
weeds, such as moss, wild violet, sorrel, velvet-grass,
and false dandelion. Meanwhile, hand weeding and
periodic flooding destroyed some of the current
season's weeds. Even when weed seed and vegeta-
tive portions decayed while under water for pro-
longed periods, seed and vegetative plant tissues soon
moved back into a bog. Unfortunately, summer
flooding for weed management also eliminated the
current season's crop. Mowing managed grasses and
sedges, the worst weeds. Grubbing and pulling were
the sole control for horsetail rush and others.

Few growers used chemical weed control. They
poured 1 tsp of commercial-strength sulfuric acid at
the base of each bracken fern to devitalize it. They
applied paint thinner and stove oils as herbicides for
horsetail rush, yellow weed, and asters. Cranberry
vines tolerated oil better before they began growth.
Sodium chlorate, in extreme cases, eliminated the
most noxious weeds, but weakened or killed the
berries. Weeds growing along ditches exacerbated
weed problems in the bog or yard. Borate and
chlorate mixtures also controlled weed populations
along roadsides and banks.

Weeds carried a heavy toll for the growers.
Digging and pulling weeds was slow and arduous, but
it reduced the burrowing vermin populations that
threatened or destroyed plantings: mice, moles, and
muskrats. Muskrats were especially fond of the
horsetail rush roots. Their burrowing activity often
collapsed bog containment walls. Prior to World War
II, abandoned weedy berry patches spotted regions of
Washington and Oregon.

At the end of the war, newly introduced herbicides
reduced cultivation. Herbicides delayed harmful early
spring deep cultivation practices, which, in order to
control winter annual weeds, destroyed many feeder
roots, lowering the plants' vigor and productivity.
Dow General provided fair weed kill. Growers also
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used pentachiorophenol less often. The established
annual grass and chickweed control practice relied on
IPC broadcast over the field. Dow General controlled
several broadleaf weeds including groundsel, which
was resistant to IPC. About 2 weeks after planting,
Crag Herbicide killed most germinating annual
broadleaf weeds. Repeated applications purportedly
eliminated weed seed populations in the field. Grow-
ers with bad weed infestations chose multiple applica-
tions because the speed of chemical control justified
the expense. The herbicide remained active for about
3 weeks unless rain or irrigation washed it into the
soil. Because dormant berries tolerated IPC and Dow
General, growers could apply this combination to
weeds resistant to Crag Herbicide or those that
escaped control. Neither IPC nor Dow General
controlled perennial weeds.

Under the Miller Act, the USDA set tolerances
for pesticide residues on crops. This 1954 law
enacted legislation that required pesticide residue
analysis to complete registration. No residue data
existed for IPC and dinitro on strawberries.

The move from total nonchemical weed control to
chemical weed control drove weed species succes-
sion. This weed succession culminated with
quackgrass and other persistent weeds. Quackgrass,
Canada thistle, and similar weeds were practically
unmanageable in berry fields. Such weeds prevented
establishment of young berry fields. Potential serious
weed problems in a prospective berry patch soon
become full blown. Canada thistle, field bindweed,
quackgrass, and other noxious weeds grew vigorously
in the berry plant establishment year. Planting into
weed-free soil was the grower's best defense against
perennial weeds such as quackgrass and field bind-
weed. Once established, these weeds stood up
against all herbicides.

The cultivator and hoe were not the only non-
chemical control measures. Geese ate grasses and
some broadleaf weeds. They managed vegetation in
some strawberry fields equipped to care for the birds.
Since they do not fully control weeds, some hand
hoeing was necessary. This practice ebbed and
flowed throughout the century. Proper fencing kept
predators at a distance, but the birds needed winter
housing and a handy water source, compounding the
growers' management difficulties. Although herbicide
use in the 1950s had displaced geese in new straw-
berry patches, several growers still controlled weeds,
winter and summer, with geese and a hoe. Geese
became popular in Coos County as cranberry bog



weeders. Growers used two or three white Chinese
geese per acre to graze back and forth within the
bog. They placed supplementary food at one end and
water at the other, keeping the geese working back
and forth. Geese preferred certain weeds, but did a
fine job in cleaning many bogs. However, their
droppings mingled with the berries during water
harvest.

Iron sulfate, a soil amendment and fertilizer, also
killed weeds when applied at sufficiently high rates.
The FDA exempts it from tolerance. When applied in
excess of 20 lb per square rod, it killed cranberries,
but it did a fine job killing moss, fern, and asters when
used as a spot treatment. About 1,500 lb of sulfur per
acre eliminated lily of the valley. Adjusting the bog
pH level with quantities of sulfur completely elimi-
nated lotus and clover. One massive sulfur application
will damage plants, but several smaller treatments
were safe.

Amino-triazole promised perfect weed control, but
the FDA had not established a tolerance for raw
cranberries. On November 9, 1959, Washington
announced that food stores had stocked cranberries
tainted with amino-triazole, a known carcinogen.
Before this sensation, the cranberry industry had
cooperated with the government, identifying any
treated berries. Each cranberry grower signed an
affidavit attesting that he had not used the chemical
on his berries. In less than a year after the announce-
ment, the industry received $10 million in indemnity
payments from the government.

In the early 1 960s, cultivation still was the most
effective weed control means, at least for the first
berry year. A third of the growers used no herbicides.
Herbicide sprayers traveled at different speeds on
hilly land: faster downhill and slower uphill. This and
poorly calibrated or substandard equipment contrib-
uted greatly to varied results and plant damage. Most
growers were content to manage weeds as they had
for all the previous years. Those willing to take risks
or who relied on the Experiment Station recommen-
dations, used chemicals. Quackgrass and other
perennial grasses resisted all forms of chemical
control. Unsuitable soil moisture content and delayed
herbicide application limited successful chemical
control. In addition, berry plants did not entirely
escape the ill effects of Crag Herbicide or other
herbicides. Many growers were in the habit of
applying soil insecticides, along with preplant herbi-
cides, to a depth of 4 in. Although the insecticides
required this depth, such incorporation diluted herbi-
cides.
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Complex weed problems abounded, particularly
those that simazine and diuron spring or fall herbicide
treatment couldn't cure. None of the herbicides gave
consistent economic control of a mixed weed popula-
tion. The promise of easier weed control and the
opportunity to spray away weeds had fostered
grower dependence on herbicide treatments. Herbi-
cides didn't eliminate weeding; they merely shifted
the weed species populations to resistant types, and
no matter how many herbicides farmers included in a
spray, some weeds always escaped. Research
funded by commodity groups or the chemical industry
focused on chemical weed control. This brought forth
a procession of weed killers that would, for a time,
alleviate major weed problems. A perusal of Experi-
ment Station research shows that, with few excep-
tions, weed killer research replaced all forms of
cultural control from World War II on.

Tank mixing and alternating herbicides were
popular chemical control strategies in the 1 970s.
Princep, Tenoran, and Enide, used alone or in combi-
nations, were the rage. Everything depended on
anticipated weed control needs since growers applied
the preplant or preemerge chemicals before weeds
germinated. This method always missed some critical
weed, and growers needed to apply postemerge
products. Although herbicide rotation hindered the
development of resistant weed species, it did not stop
it. Furthermore, herbicides were transient: the EPA
cancelled Tenoran and Enide registrations shortly
after the North Willamette Experiment Station
completed extensive testing. After the herbicide trials
with these and others, only Devrinol and simazine
remained Then water-quality concerns placed
simazine registration in doubt.

Timely hand weeding of serious plant species out
of newly planted berries is economically sound in the
long run. Physical removal of herbicide-tolerant
weeds prevents their establishment and domination of
a new planting. Reliance on herbicides alone releases
problem weeds, which are likely to proliferate and
dominate. Numerous activities deter weed expansion:

hand weeding at first appearance
late-season weeding to eliminate seed sources
promoting vigorous, healthy vines
cleaning equipment
mowing borders
screening seed out of irrigation water
Most weeds establish in one area and spread

across a field. Mapping weed-infested areas is part
of a successful management program. Weed mapping
correlates specific weed species to exact field



locations, eliminating guess work in the winter, when
most of their leaves have fallen. A map allows
precision spot treatments and avoids extra herbicide
treatments. Likewise, such maps allow herbicide rate
modification and keep small weed patches from
becoming serious weed patches. Mapping weeds
properly emphasized these weeds in a general order
of importance. In cranberries, weeds such as lotus,
false lily-of-the-valley, and silverleaf have an extreme
potential for bog damage, are difficult to control, and
spread rapidly. Yellow weed, aster, and other aggres-
sive and difficult-to-control weeds still can impose a
serious threat. The remaining weeds of concern do
not have an immediate impact upon the bog.

Small fruit growers employ a wide range of weed
management options. After successfully establishing
a bog, berry field, or vineyard, growers tend to apply
the same management techniques, and soon resistant
weeds dominate, resisting whatever common practice
is employed, whether chemical or cultural. Deep-
rooted perennials resist cultivation. One of the surest
ways of spreading many perennial weeds is to plow,
disk, or cultivate in any way. Prostrate weeds resist
mowing and flailing.

Many species resist herbicides. Some, such as
common groundsel, pigweed, and lamb squarters,
were susceptible, but now they resist the same or
similar herbicides. A successful weed management
program requires a year-around approach using many
different strategies. Mapping and record keeping
improve management, allowing growers to alter
methods to catch shifting weed populations early. Not
all weeds are necessarily a pest. Some low-growing
winter annuals provide a ground cover and improve
fertility while not interfering with other activities. On
the other hand, summer annuals and deep-rooted
perennials rob the soil of nutrients and water. Planting
site selection is of paramount importance. Eliminating
the perennial weeds before planting eases the vegeta-
tion control burden and improves the likelihood of
success. Herbicide rotation and mixtures sometimes
reduce the buildup of resistant species or biotypes.
Continuous tilling invites erosion, decreases available
nutrients, and builds a soil pan that restricts soil
percolation. Grasses, such as alta fescue, grow deep
roots, open up soil, and provide nutrients.
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Fruit Rots
Botrytis is ubiquitous. Fruit rots, especially

botrytis gray mold, have always been a scourge,
especially when rains coincide with harvest. At one
time, most of Oregon's small fruit markets were
local, and shipping did not compound gray mold
severity. Neither sulfur nor copper chemical sprays
controlled gray mold. Only cultural farming practices
reduced mold incidence.

Originally, strawberry stems were left on the fruit
picked for fresh market. Removing stems opened
lesions where spores could grow on the moist, sweet
tissues. Processors require stemless berries at the
peak of ripeness. This meant that pickers, primarily
children, would pick a berry field every few days as
berries ripened. Ripe or over-ripened berries that
remained in the field provided an excellent food
source. Clean picking reduced disease incidence.
Under clean-picking practices, no ripe fruit remained
in the patch after each harvest. However, keeping the
fields clean prior to harvest was equally important.
Sanitation began early in the season because debris,
whether last year's dead leaves or the current
season's operation, contributed to the botrytis
inoculum supply. While rain and overhead irrigation
increased infestation risk and spread existing mold,
wider row spacing and proper row orientation could
increase ventilation to enhance drying. High rates of
nitrogen fertilizer promoted lush growth but also
increased disease risk. Things remained this way until
after World War II.

After the war, the EBDC fungicide group was
used for gray mold. Fungicides were strictly preven-
tative and could not stop a spreading epidemic. Ziram,
Botran, and captan soon followed in rapid succession.
Because botrytis moved from dead or decaying
organisms to the new blossoms, the first prophylactic
treatments targeted the tender blossom tissue.
Dusting with captan every 10 to 14 days helped
reduce gray mold in strawberries. However, both
ziram and captan dusts often were only marginally
effective, at least in part because crude farm equip-
ment did not provide uniform coverage. Broad-
spectrum fungicides such as captan did not foster
resistance. Narrow-spectrum fungicides such as
Benlate selected a resistant population within a few
years. Currently, growers rotate fungicides to avoid
added resistance.

Caneberries and bushberries do not often contract
fruit rots, although grapes do. Botrytis bunch rot in



grapes, although not new, became an increasing
problem as wine grape acreage increased from a few
hundred acres in the 1970s to more than 7,000 acres
in 1995. Cultural practices offered the best defense
against bunch rot. Pruning and training vines to permit
good air circulation and allowing the grape bunches to
dry after morning dew allows no time for sporulation.
Hedging and leaf picking also increases air circula-
tion. Moveable foliage wires allow foliage training to
achieve the greatest air movement. Periodic hedging
during the summer and hand defoliation at the fruit
level also help. Once the threat of sunburn passes,
workers strip the leaves on the east side at the fruit
zone level. This ventilation reduces even more
botrytis initiation sites. At the proper temperature,
botrytis can infect grapes in as few as 18 hours. This
is why rain at harvest time causes such difficulty,
even after all other precautions have been taken.

Botrytis bunch rot has caused extensive damage
to grape clusters. Spraying fungicides did not provide
effective control. Rovral provided 10 to 14 days
protection from botrytis; captan and Botran became
ineffective soon after treatment. Benlate rapidly
selected out the botrytis-susceptible strains and,
therefore, was practically useless. Botrytis control
revolved around the other major disease, powdery
mildew. When grape clusters began to swell and
close, getting Rovral into the cluster provided a safety
measure. Later applications did not always penetrate
the bunches. The nozzles oriented the spray directly
at the clusters and not at the foliage all about. The
last botrytis spray targeted the remaining time the
clusters hang just before harvest.

Leaf and Cane Diseases
Only in the Pacific Northwest did yellow rust

seem to be a problem on caneberries, particularly
when late rains kept the foliage and canes wet. Cane
infection afforded opportunity for other diseases, such
as cane and leaf spot, to attack through the wounds
caused by this rust. Yellow rust was the most com-
mon disease in raspberries west of the Cascade
Mountains. Cankers along the base of fruiting canes
blocked sap, causing the cane to dry up. It was not
normally a serious disease in Oregon. Badly infected
canes provide inoculum for the next year. Yellow rust
was serious in raspberries during a late, wet spring.
When it was severe, the rust would coat berry
pickers with its yellow dust. Extreme sanitary mea-
sures proved the most practical control. Growers had
to remove and destroy contaminated old fruiting
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canes and foliage. They cut the remaining stubs off
completely at ground level because they contained
infected leaf and cane material. Plowing to throw the
soil over the row could contain yellow rust.

By 1913, anthracnose had made serious inroads
into berry fields. Poor management, specifically
failure to remove and burn old canes and debris each
year, escalated the disease to epidemic proportions.
Careful managers cut the canes just after harvest and
dropped them in the center of the row where they
gathered them with a horse-drawn rake. In mid-
August, after rows were clean, two workers applied
lime sulfur spray with hand guns. However, this
disease management was the exception, rather than
the rule, and anthracnose gained a firm foothold in the
Willamette Valley. Anthracnose increased in severity
in the late 1930s, especially on black raspberries, but
was not necessarily severe enough to warrant
spraying. Anthracnose damaged a great many black
and red raspbeny canes towards the end of the Great
Depression and through World War II. Growers who
planted clean stock and utilized proper sanitation
(cutting out old canes, etc.) brought all but the most
severe infections under control. Dormant lime sulfur
or Bordeaux spray helped manage severe anthra-
cnose infections in black raspberries. As with other
cane fruits, gathering and burning all old canes
reduced the inoculum level and the infection severity.

Leaf and cane spot primarily affected trailing
blackberries: loganberry, youngberry, boysenberry,
and a few others no longer grown. Old fruiting canes,
after harvest, provide sufficient inoculum to perpetu-
ate the disease. Pruning and burning these canes
reduces inoculum abundance, especially in years of
severe infection. Fruiting bodies sporulate in Febru-
ary. Usually, 10 gal of lime sulfur applied in February
and March controlled such outbreaks fairly well.

Until the end of World War II, plant disease
management relied on cultural practices combined
with inorganic sulfur and copper-based sprays and
dusts. Under nonchemical cultural practices, growers
attempted to remove all diseased plant parts and, in
extreme cases where root rots prevailed, abandoned
unproductive fields. A loganberry field suffering from
anthracnose could be treated with two Bordeaux 4 4
50 sprays, one applied shortly after leaf break and a
second just before bloom. Extreme cases required an
additional Burgundy 2-3-100 spray about 2 weeks
after petal fall. The Burgundy colorless copper
solution did not leave an unsightly residue on the new
fruit. The copper-lime Bordeaux mixtures provided a
protective coating on the new berry tissues, and a



surfactant enhanced coverage. A final soaking of all
leaf and cane tissue with Bordeaux immediately after
berries were picked completed the chemical control
measures.

Leaf and cane spot affected trailing blackberries
more than erect varieties. Since the source of infesta-
tion was the spots on leaves and canes, prompt post-
harvest removal of old canes eliminated many of
these sites. One Bordeaux 8-8-100 spray, before the
fall rains began, protected the vines all winter. Two
workers, one bearing up the trailing vines with a pitch
fork and the other applying a stream of Bordeaux
mixture among the open canes, could apply a protec-
tive coating. A second spray in the early spring
enhanced control.

Experiment Station recommendations for treating
trailing blackberries changed after numerous grower
complaints. The dormant lime sulfur spray applied
after old fruiting canes were removed was not doing
the job. In 1953, an exceptionally severe leaf and
cane spot epidemic damaged many fields. Cane and
leaf rust also were bad. The new captan and Ferbam
sprays, applied after canes began growing, reduced
the disease incidence somewhat. Leaf and cane spot
severely infested many blackberry fields in 1977,
causing complete losses in many areas. Fall infections
grow during the winter and appear in the spring as
leaf and cane spots. Trellising new canes before
winter reduced the disease severity; otherwise, canes
overwintered on the ground, and fungicide sprays did
not cover the canes left on the ground.

Leaf and cane spot affected trailing berries.
Weeds blocked airflow among the canes and increased
disease risk. Vegetation management helped but did
not eliminate disease. Trellising canes in August and
September provided better fungicide coverage than
when those canes remained on the ground. Alternate-
year fields did not contract leaf and cane spot since,
at the end of the harvest year, all canes were re-
moved and destroyed. This eliminated the following
season's crop, but it saved management costs. Old
canes provided inoculum for the new primocanes.
Sanitation measures eliminated this source. October-
applied Bordeaux 8-8-100 or copper sprays sup-
pressed the disease on the overwintering canes. Two
sprays of Benlate, captan, or copper the following
March completed the spray program.

Dieback, another prevalent disease that caused
considerable losses in the early 1 920s, appeared in
fields where growers left the fruiting canes on the
field floor all winter. Growers increased summer
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Bordeaux applications to prevent dieback on canes
during the rainy winter season. Homemade Bordeaux
mixtures had more leaf tenacity than the commercial
brands and improved disease management during the
winter.

Powdery Mildew
Oregon commercial grape production began in the

late 1880s. Powdery mildew appeared in nearly every
section of western Oregon vineyards, causing dwarf-
ing, and the curling and twisting of leaves and young
shoots. Frequent dusting with flowers of sulfur (old
name for sulfur dust) kept the disease at bay. Flowers
of sulfur, shaken over the vines at bloom and again
when grapes were the size of BB shot, prevents
mildew. Once the mildew becomes established, the
vineyard is a total loss. Some vineyardists also applied
Bordeaux early in the season and ammoniacal
solution later in the season, often up to four treat-
ments annually. Sulfur has been the premier fungicide
used on Oregon wine grapes for more than 100
years. The finer sulfur particles penetrate the very
tight regions of the leaf and cover the leaves thor-
oughly. At temperatures above 75°F, the sulfur
releases quantities of sulfur dioxide, which rapidly
penetrates and kills the fungus. A knapsack blower
could distribute 5 lb of finely divided sulfur over an
acre in about 1 hour. Three or four treatments
sufficed for the entire season. By the early 1940s,
vineyard managers applied five dustings. A strong
solution of lime sulfur applied before bud break burns
off dormant mildew clinging to the vine surface.

Powdery mildew seldom troubled raspberry fields
until 1952, when it became the major disease prob-
lem. Sulfur did not hold mildew in check. Karathane
sprays managed the disease better than sulfur-based
sprays and dusts. No one knew the cause of the
original outbreak, but whatever had kept the disease
in check previously had failed. Did the new synthetic
fungicidesziram, captan, maneb, and others
eliminate the competing microorganisms?

By the early 1980s, Bayleton had shown outstand-
ing efficacy against grape powdery mildew. Some
growers applied Benlate in high dosages, burning the
grape foliage. Although this halted the powdery
mildew, the practice only accelerated the resistance.
Free air circulation and greater light penetration
reduce powdery mildew incidence, and plowing under
or destroying the old leaves greatly reduces inoculum
levels. Hot weather (about 90°F) inhibits powdery
mildew, and temperatures above 100°F kill the



fungus. During hot weather, it is best to delay fungi-
cide application until the temperature moderates. In
July, growers strip off the leaves around the fruit to
allow better spray penetration and air circulation.
Hedging the foliage when growth is rampant helps
stop the canopy from falling over in the wind. After
mid-August, sulfur treatments cease since powdery
mildew danger has subsided and growers want to
avoid contaminating the grapes with sulfur. The
protectant fungicides, sulfur, and DM1 compounds
work well if applied before mildew becomes estab-
lished. However, if the mildew is present, only a
wettable sulfur with a good surfactant, such as
Hyper-Active, is effective. Research has shown that
Hyper-Active is synergistic. Late-season control
relies on early-season inoculum reduction. Because
DM1 products are locally systemic, they will not wash
off. Selection has made some fungi resistant to
Bayleton; other show cross resistance to Rally and
Rubigan.

Vertebrate Pests
Vertebrate pests are not new to tree fruit in the

Pacific Northwest. For example, when residents first
began planting in the arid soils, rabbits would eat the
bark off newly planted apple trees. Other vertebrates
were pests, also. But trapping, baiting, and gassing
kept ground squirrels, pocket gophers, and mice in
check. Birds became especially troublesome in sweet
cherries, notably robins and later starlings. Wildlife
damage control became more of a problem in large
orchard monocultures after the Environmental
Protection Agency restricted or removed effective
vertebrate poison registrations. Also, natural preda-
tors found survival more challenging in settled areas.
Coyotes, foxes, bobcats, and other carnivors helped
keep small vertebrate populations in check. When, for
example, coyotes or foxes roamed freely, they would
help restore balance to expanding rabbit populations;
but other domesticated and farm animals were at
risk.

The poisons diphacinone and chiorophacinone kill
voles in a few days when voles continuously feed on
treated baits. Food scarcity in the winter and spring
makes baiting more effective where voles are active.
Ground sprays containing chiorophacinone over
orchard ground cover have not controlled voles well.
Zinc phosphide poison kills because of its acute
toxicity and not through internal bleeding. While farm
machinery will scatter these baits adequately about
an orchard, strychnine, a much more toxic poison,
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must be placed in runs for pocket gophers. Chemical
bird control, if not rapid, is considered by many a
cruel control system. Perhaps some of the worst
offenders were chemicals released by aircraft, such
as oils, which robbed the birds of their protective
feather insulation. Birds subsequently died of expo-
sure. These were applied more commonly in large
metropolitan areas to reduce starlings, rock doves,
and other nuisance birds.

New vertebrate management practices now in
effect promise to reduce crop loss substantially
without undesirable predator species proliferating.
Growers now reduce availability of resources neces-
sary for pest survival: water, shelter, and food.
Herbicides clear away the protective cover around
trees where orchard mice can hide and chew away
at the bark. Good fencing can provide effective long-
term rabbit control. A strong two-mesh wire standing
2 feet above the snow line excludes rabbits from
dormant orchard blocks. Chemical repellants are not
very effective.

Habitat provides another means of control. Robins,
starlings, certain finches, and other birds require
nesting and perching sites. Long-term control relies
on limiting access or complete removal of nearby
sites. Noisemakers and distress calls improve
long-term control. One gas exploder, fueled by
propane or acetylene, can cover 10 to 20 acres. These
devices produce extremely loud noises and must be
moved every 2 days to avoid conditioning. Distress
calls work well for only a few days. Other newer
devices, such as pop-up or self inflating birds of prey
synchronized to operate with audio equipment, tend
to be too expensive. The EPA has removed all bird
repellants from tree fruit registration. Large cages
will trap starlings and other gregarious birds. Live
birds in the trap feeding on cull apples attact others
of its species. Growers then can release the birds
elsewhere or destroy them if they are an invading
species such as starlings

Codling Moth
This has been the most-fought fruit pest in the

Pacific Northwest. It first gained a foothold in
orchards in the late 1 880s. Prior to that time, apples
and pears were largely free of all insect pests.
Settlers brought the codling moth into the area, and it
soon became established in all the major fruit growing
regions. At the turn of the century, just about every-
one living in rural areas had an apple orchard. Oregon
alone had over 100,000 acres of apples. These went



into decline as oranges came into the market. Grow-
ers eventually removed most of the orchards, but the
enormous amount of fruit available provided practi-
cally unlimited media for reproduction and population
expansion.

Until recently, the only means of control had been
insecticides. Vast quantities of arsenicals, organo-
phosphates, and carbamates over the past 100 years
have fought the moth, but have not prevailed. With no
end in sight, the United States Department of Agri-
culture plotted a new strategy using mating distruption
over entire regions. This program, which began in
1993, was named the Codling moth Areawide Man-
agement Program or CAMP, and has expanded from
a few hundred acres to 30,000 expected in 1997. By
eliminating the necessity to spray continually for
codling moth, the USDA hopes to improve manage-
ment of many other arthropod pests which normally
would not become virulent pests. The insecticides
used against the codling moth killed many of the
predators of these other pest species, thus releasing
them to expand their population.

The use of pheromone traps to disrupt mating was
not unknown. For decades, the cotton growing
regions have attempted mating disruption of the
bowlworm, often with good success. Although the
codling moth is a different species of the lepadoptera
family, the same disruption principle has worked
fairly well. Most growers use the Isomate codling
moth pheromone product and place it in a geometric
pattern across their orchard and surrounding area.
Most of the growers in the first study were satisfied
with the program.

Western Cherry Fruit Fly
Western cherry fruit fly first became a problem in

the Pacific Northwest in 1930 though it had been
around for some time before. Insecticides, especially
malathion ULV, have controlled the fruit fly fairly well
since the advent of the organophosphate insecticides.
Wasco County has legislated regional fruit fly man-
agement that requires all fruit growers to spray their
cherry trees or face a penalty. This includes home
owners who either must remove the trees or spray
them according to the guidelines. Ultra low volume
(ULV) has succeeded in controlling the cherry fruit
fly in this region, but often six or more applications
are required. The Willamette Valley has found
malathion ULV ineffective because the cherry
growing area is disperse and because sour cherries
also are grown in the region. Sour cherries remain on

23

the tree 6 weeks longer than sweet cherries, allowing
the fruit fly more time to infest the cherries. Although
newer insecticides occasionaly come into play, there
has been essentially no change in cherry fruit fly
management since the fly first appeared.

Pear Psylla
Some years after the Codling moth and San Jose

scale appeared in the Pacific Northwest, the pear
psylla became a serious problem. Psylla mark the
fruit, devitalize the trees, and exude a sticky, sugary
resin which adheres to the fruit. As with codling
moth, insecticides generally kept the psylla in check,
but not without resistance quickly building up. The
only successful management system has included
newer insecticides. No nonchemical control methods
have been proven efficacious.

Filbertworm
Filbertworms became a problematic pest in

hazelnuts in the mid 1930s when the industry was
first expanding in the Pacific Northwest. Repeated
applications of arsenate of lead generally were not
very efficacious. The two reasons were poor timing
of the spray, and that the toxicity of arsenate of lead
was not especially acute to the filbertworm. After
Geigy introduced DDT, control improved somewhat,
but growers still applied quantities of arsenate of lead.
However, when Sevin came onto the market in the
early 1 960s, it provided control superior to either
arsenate of lead or DDT. For the next 25 years two
Sevin application per year controlled the worm fairly
well, though not always. This was because growers
applied according to the calendar and not according
to the moth flights. Then in the 1980s, researchers
developed pheromone trapping which allowed a
precision in timing not previously known. In addition,
growers began applying Pydrin and Asana instead of
Sevin. These synthetic pyrethroids applied at the right
time cut insecticide use by about 1,000 times. In spite
of the strides in pest control, no nonchemical
approaches have shown any promise.



Strawberries
Acres: 5,700 acres Production: 59,900,000 lb Farm price fresh: 60.4 cents/lb
Yield: 5.3 tons/acre Value: $26,830,000 Farm price proc: 43.4 cents/lb

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated CostlAcre Treatments

Late Winter during Dormant Period on Established Plantings
winter annual weeds

napropamide Devrinol 50W 4.0 lb 8.0 lb $70.40 1

broadleaf weeds
2,4-D amine Formula 40 0.95--i .425 lb 1.0--i .5 qt $4.41 1

Preplant
weeds and root diseases-black root rot complex (Fusarium, Cylindrocarpon, Pythium, Rhizoctonia spp.)

metam-sodium Vapam 1 27--31 8 lb 40--i 00 gal $160.00

Planting New Field - May 1
certified insect- and disease-free plants $473.00 1

winter annual weeds
napropamide Devrinol 50W 4.0 lb 8.0 lb $70.40 1

red stele (phytophthora fragariae)
metalaxyl Ridomil 2E 1.0 lb 2.0 qt $87.88 1

red stele, black root rot complex (Fusarium, CylIndrocarpon, Pythium, Rhizoctonia spp.)
Certified stock was planted in well-drained soils. Some varieties are less susceptible to diseases.
Tiling fields allows better drainage and improves natural host resistance.

Early Spring
winter annual weeds and latent disease organisms on debris

light harrowing $4.53 1

cultivation $4.83 1

hand hoeing $32.00 1

Debris was removed with a side-delivery rake. 1

red stele (Phytophthora fragariae)
fosetyl-aluminum Aliette WDG 2.5--5.0 lb 3.2--6.25 lb $101.70 1

strawberry crown moth
Crop advisors set out pheromone traps to begin monitoring fields. $15.00 1

Spring
summer annual weeds and Canada thistle, red dead nettle, groundsel

hand hoeing: annual cost may run as high as $200/acre $64.00 1-2

tractor cultivation $4.38 1

minimal crop fertilization 1

grasses
sethoxydim Poast 0.38--0.48 lb 2.0--2.5 pt $43.79 1

fluazifop-butyl Fusilade 0.19--0.25 lb 1 .5--2.0 pt $24.01 1

slugs
metaldehyde Deadline, Slug Fest 0.8 lb 40 lb $101.40 1-2

carbaryl 2.0 lb 1-2

diatomaceous earth $5.00 1-2

strawberry crown moth (Synanthedon bibionpennis)
azinphos-methyl Guthion 35W 0.5 lb 1.4 lb $6.80 1

carbaryl Sevin 4F 1 .O--2.0 lb 1 .0--2.0 qt $11.83 1
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Application Treatments and Retreatments
Method Percentage Acres Pounds Comments

banded 16-20 over row

soil drench

20% 1,400

70% 980 1,300 These are problem weeds: Canada
thistle, johnsongrass, field bindweed,

75% 1,100 1,100 quackgrass.
Growers are moving to Alliete because
Ridomil resistance is building up.

100% 5,700 Remove weeds and old strawberry
100% 5,700 plant parts such as mummified
25% 1,400 berries and dead leaves.

100% 5,700

foliar spray 35% 2,200 6,600

100% 5,700

hoeing 150% 8,500 Continuous cultivation will compact
cultivation 170% 9,700 soil. Light fertilization avoids rank leaf
fertilization 100% 5,700 growth and reduces mold incidence.

foliarspray 8% 460 50
foliarspray 1% 60 12

peflet bait 45% 2,600 2,100 Pellets are placed in the rows before
5,400 the fruit forms.

5% 280

foliarspray 40% 2,100 1,100
foliar spray 10% 560 700
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banded 16-20" over row 60% 2,600 4,200 Some weeds are becoming resistant.
Herbicide requires water to activate.

banded in aisles 2% 110 80 Strawberries must be dormant.

broadcast or incorporated 5% 40 8,900 Fumigant must be irrigated into the soil.
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Prebloom
strawberry aphids (Chaetosiphon fragaefolii) for disease management

oxydemeton-methyl Metasystox-R 0.5 lb 1.0 qt
chlorpyrifos Lorsban 4E 1.0 lb 1.0 qt

strawberry root weevil (Otiorhynchus ovatus)
obscure root weevil (Sciopithes obscurus)
black vine weevil (Othiorhynchus sulcatus)
rough strawberry root weevil (Otiorhynchus rugosostriatus)

barriers: Since weevils only walk to new host locations, barriers discourage or prevent dispersion.
parasitic nematode releases: Efficacy of nematodes is still unknown.
azinphos-methyl Guthion 35W 0.5 lb 1.4 lb $6.80

Early Bloom to Harvest
fruit rot (Botrytis cinerea)

captan Captan SOW i.0--1.51b 2.0--3.Olb $11.63 1-2

iprodione Rovral SOW 1 .5--2.0 lb 3.0--4.0 lb $210.88 1-4

benomyl Benlate 50W 0.25--0.5 lb 0.5--i .0 lb $12.71 1

vinclozolin Ronilan DF 1 .0--2.0 lb 2.0--4.0 lb $167.25 1-4

thiram Thiram 65W 2.5 lb 4.0 lb $15.00 1

ziram Ziram 400 1.2-1.5 2.3--3.0 pt $5.28 1

thiophanate-methyl Topsin M 0.5--0.75 lb 0.75--i .0 lb
irrigation management

meadow spittlebug (Philaenus spumarius)
omnivorous leaftier strawberry fruitworm (Cnephasia longana)
strawberry aphid (Chaetosiphon fragaefolii) for virus disease management

endosulfan Thiodan SOW 1.0 lb 2.0 lb

$16.00

$14.40

1

1

carbaryl Sevin 4F 1.0 lb 2.0 qt $15.78 1

Harvest
gray mold (Botrytis cinerea)

iprodione Rovral SOW 1 .5--2.0 lb 2.0--4.0 lb $72.30 1

clean picking 1-4

Treatment
Cost/Acre

Number of
Treatments

$39.30 1

$47.60 1

$47.44 1

$150.00 1

$28.80 1

1

$16.01
$14.73

Cultural Method! Rate Rate
Common Name Trade Name Active Formulated

Spring
twospotted spider mites (Tetranychus urticae)

propargite Omite CR 1.5--2.i lb 5.0--7.Olb
dicofol Kelthane MF or 35W 2.0 lb 5.7 lb
fenbutatin-oxide Vendex 4L or 50W 0.75--i .0 lb 0.75--i .0 qt
predatory mite release (Ablisious flacious)

cyclamen mite (Steneotarsonemus pallidus)
endosulfan Thiodan 50W 2.0 lb 4.0 lb

black root rots, phytophthora, crown borer, virus diseases
roguing out infected plants



When it is applied for crown moths, refer to the strawberry crown moth spring treatment.

air blast sprayers, including
side-delivery system
pull-tank sprayer with boom
attached forapplication over
the rows

foliar spray
foliar spray

foliar spray
hand picking
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Application Treatments and Retreatments
Method Percentage Acres Pounds Comments

foliar spray 10% 570 1,400
foliar spray 35% 2,000 2,000
foliar spray 45% 2,600 2,200
predator release 10% 570

Use data included with spittlebug treatments. Cyclamen mite problem is grower-
specific.

hand pulling 80% 4,700

foliar spray 6% 340 170
foliar spray 5% 290 290

7% 400
5% 280
2% 110 55

80% 4,600 5,600
50% 2,900 5,000
10% 570 400

160% 9,100 14,000
8% 460 700
6% 340 410
1% 60 45

75% 4,300 Allowing the foliage to dry before night
significantly decreases fruit rot.

45% 2,600 2,600
5% 860 860 Carbaryl is applied only for leaftier.

30% 1,700 3,000
140% 8,000 Removing all ripe berries reduces mold.



Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated CostlAcre Treatments

Postharvest and Field Renovation
spider mite (Tetranychus urticae)
cyclamen mite (Steneotarsonemus pallidus)
gray mold (Botsytis cinerea)
strawberry aphid (Chaetosiphon fragaefolii)
omnivorous leaftier strawberry fruitworm (Cnephasia longana)

top strawberry plants and remove cut vegetation
propane-burn plant residues

mice, gophers, deer, raccoons, opossum, and other vertebrate pests
domestic cats and dogs and other predatory animals

strawberry crown moth (Synanthedon bibionpennis)
Growers top plants and leave trap rows, i.e., strawberry plants that are not topped.
After topping, the plant residues are propane-burned.
chlorpyrifos Lorsban 4E 1.0 lb 1.0 qt

summer annual weeds
paraquat Gramoxone Extra 0.47 lb 1.5 pt

strawberry root weevil (Otiorhynchus ovatus)
obscure root weevil (Sciopithes obscurus)
black vine weevil (Othiorhynchus sulcatus)
rough strawberry root weevil (Otiorhynchus rugosostriatus)

Crop Terminus
persistent weeds, phytophthora root rots, verticillium wilt, root weevils, crown moths, black root rots

When persistent weeds, insects, or diseases abound, the environmentally prudent and economically sound
practice is to plant a nonsusceptible crop.
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$5.18 1

$14.73 1

$9.64 1

$38.90 1

$6.72 1

$14.73 1

$8.96 1

$70.00 1

$7.50 1

$10.92 1

$70.40 1

plowing $9.41
disking $4.30
harrowing orcultipacking $4.91

carbofuran Furadan 4F 2.0 lb 4.0 pt
azinphos-methyl Guthion 35W 0.5 lb 1.4 lb
chlorpyrifos Lorsban 4E 1.0 lb 1.0 qt
esfenvalerate Asana XL 0.03--0.05 lb 5.8--9.6 fI oz
bifenthrin
domestic fowl

Brigade 0.06--0.1 lb 3.9--6.4 oz

Fall
winter annual weeds

simazine Princep 80W 1.0 lb 2.0 lb
terbacil Sinbar80W 0.125 - 0.375 lb 0.2 - 0.5 lb
napropamide Devrinol 50W 4.0 lb 8.0 lb



Application Treatments and Retreatments
method Percentage Acres Pounds Comments

cut tops 90% 5,100
propane burn 20% 1,100

100% 5,700

25% 1,400 In the fail, disk under trap rows.
25% 1,400 All infected plants are removed.

foliarspray 12% 680 680 Infested fields are plowed out.

foliarsprayshielded 40% 2,300 1,100

banded over the row
foliar spray
foliar spray
foliar spray
foliar spray

banded in crop row 60% 3,500 1,500
banded in crop row 7% 400 60
banded in crop row 5% 290 310

25% 1,400
25% 1,400
25% 1,400
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20% 1,100 2,200 Growers irrigate the Furadan into the
10% 570 290 soil after application.
5% 290 290
) /0 290 12

40% 2,300 230 Brigade aggravates mites.
5% 290 Domestic fowl consume larvae and

adult weevils.



Blackberries
Marion and other blackberries

Scouts begin trapping for obliquebanded leafrollers and orange tortrix.
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Dormant
septoria purple blotch, leaf spot, anthracnose, mildew, redberry mites, twospotted spider mites

calcium polysulfide Lime Sulfur 12 lb 10 g/l 00 g $23.20 1

Delayed Dormant
dryberry mites, redberry mites

calcium polysulfide Orthorix, Polysul 4.0 lb 3.0 gal/i 00 gal $17.40 1

dormant petroleum oil
germinating weeds

diuron Karmex 80W, Direx
raspberry crown borer

diazinon Diazinon 50W

3.O--6.0 lb

2.0--4.0 lb

1.0 lb

2.0--3.0 gal/i 00 gal

2.5--5.0 lb

2.0 lb

$15.00

$26.25

$9.30

1

1

1

Spring
winter and summer annual weeds

rototilling and cultivation
rust

carbamate Ferbam
field mice

diphacinone Ramik Green

2.0 lb

10--301b

$49.43

$8.60

$24.00

1-3

1

1

zinc phosphide Zinc Phosphide Bait
burn back primocanes

paraquat Gramoxone Extra

2.0--2.5 oz

0.625--0.94 lb

6.0--8.0 lb

2.0--3.O pt

$25.20

$16.06

1-4

1

monocarbamide Enquik 10--15 gal $30.00 1-2

oxylluorfen Goal 0.36--0.72 lb $24.30 1-2

remove old canes
alternate-year bearing scheme

redberry mite
calcium polysulfide Lime Sulfur 9.0 lb
sulfur Thiolux DF, Micronized Sulfur

$25.50

$17.40

1-4

1

Microthiol Special
leaf and cane spot

copper hydroxide Kocide DF

4.8--12 lb

2.0 lb

6--l5lb

4.0 lb

$27.56

$68.20

1-4

1

benomyl Benlate 50W
powdery mildew

fosetyl-aluminum Aliette WDG

0.37 lb 0.75 lb $19.07

$101.70

1-2

1

Acres: 3,850 acres Production: 24,715,000 lb Farm price all: 57.8 cents/lb
Yield: 6,420 lb/acre Value: $13,870,000

Evergreen blackberries
Acres: 1,l00acres Production: 9,400,000 lb Farm price all: 48.9 cents/lb
Yield: 8,550 lb/acre Value: $4,592,000 Farm price proc: 48.5 cents/lb

Boysenberries
Acres: 1,200 acres Production: 4,780,000 lb Farm price all: 78.5 cents/lb
Yield: 3,980 lb/acre Value: $3,750,000 Farm price proc: 77.5 cents/lb

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments
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Application Treatments! Retreatments
Method Percentage Acres Pounds Comments

Anthracnose and Septoria purple
foliar spray 28% 1,700 20,000 blotch can be severe on Marions.

cane spray 45% 2,800 11,000 Red berry mites are a problem in
13,000 evergreen berries.

banded row spray 51% 3,100 5,700

drench 13% 800 800 Spray isapplied in 300 GPA.

Most growers cultivate the land, but a
160% 9,800 few have grass sod.

foliarspray 20% 1,200 2,500

bait 1% 60 6 Applicators broadcast with cyclone or by
bait 10% 620 75 hand evenly between rows. Most aisles in

sod support mouse populations.
basal spray 33% 2,000 2,000 The sulfuric acid in Enquick requires
basal spray 20% 1,200 3,600 special application equipment.
basal spray 14% 920 500 Growers are moving away from Goal.

30% 1,800
20% 1,200

foliar spray 10% 620 5,500

foliarspray 25% 1,500 9,200

foliar spray 8% 490 980
foliar spray 15% 920 340

foliarspray 5% 310 310 Onlysusceptiblevarietiesaretreated.
100% 6,200 Continuous scouting and trapping is

required.
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Cultural Method!
Common Name Trade Name

Rate
Active

Rate
Formulated

Treatment
Cost/Acre

Number of
Treatments

Prebloom
obliquebanded leaf roller, orange tortrix, green cutworm

carbaryl Sevin5OW 2.0 lb 4.0 lb $12.40 1

azinphos-methyl Guthion 50W 0.25 lb 0.5 lb $3.45 i
B. t. Javelin, DiPel 0.5--i .0 lb i.0--2.Opt $il.81 1

Bloom
leaf and cane spot

benomyl Benlate50W
botrytis fruit rot

captan Captan 50W

0.37lb

2.0 lb

0.75 lb

4.0 lb

$12.71

$12.40

1

i
iprodione Rovral

redberry mite
0.5--i .0 lb i.0--2.Olb $36.15 i

sulfur Thiolux DF, Micronized Sulfur,
Microthiol Special 4.8--12 lb

obliquebanded leafroller, orange tortrix
6--is lb $il.03 1

B. t. Javelin 0.5--i .0 lb i.O--2.Opt $17.72 1-2

carbaryl Sevin SOW, 4L 2.0 lb 4.0 lb, 2.0 qt $12.40 1-2

malathion Malathion SEC 1.5--2.Olb 2.5--3.Spt $8.68 i

Postbloom and Harvest
botrytis fruit rot

captan Captan 50W 2.0 lb 4.0 lb $12.40 1

iprodione Rovral 0.5--i .0 lb i.0--2.Olb $54.23 1-2

vinclozolin Ronilan 0.5--i .0 lb i.0--2.Olb $38.14 1-2

irrigation management
aphids, leafhoppers, gnats, stinkbugs, general cleanup spray

1-4

malathion Malathion 5 1 .S--2.0 lb 2.5--3.5 pt $8.68 1

esfenvalerate Asana XL 0.1--0.2 lb 4.8--9.6oz $8.36 1

azinphos-methyl Guthion 50W
obliquebanded leaf roller, orange tortrix

0.25--U.S lb 0.5--i .0 lb $5.18 1

B. t. Javelin 0.5--i .0 lb i.0--2.Opt $4.43 1-2

Postharvest
leaf and cane spot

benomyl Benlate 50W 0.37--U.S lb 0.75 lb $19.07 i -2

copper sulfate Bordeaux 8-8-100 8.0 lb $25.00 i
copper Kocide DF 4.Olb 6.Slb $166.24 1-2
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Application Treatments! Retreatments
Method Percentaqe Acres Pounds Comments

foliarspray 23% 1,400 2,800
foliar spray 3% 180 46 Applications target adult moths.
foliarspray 15% 920 690

foliar spray 6% 370 140 Bloom is protracted over 3 weeks.

foliarspray 21% 1,300 2,500
foliar spray 25% 1,500 1,200

foliar spray 15% 920 6,900

foliarspray 2% 120 90
foliar spray 5% 310 620
foliar spray 4% 250 430

foliarspray 21% 1,300 2,600
foliarspray 20% 1,200 920
foliar spray 15% 920 690

80% 4,900

foliar spray 9% 550 970
foliarspray 12% 740 150

foliarspray 6% 370 140

foliar spray 20% 1,200 920

foliar spray 10% 620 270
foliar spray 7% 430 3,400
foliar spray 85% 5,200 11,000



Fall and Winter
winter annual germinating weeds

cover crops: grasses such as alta fescue to maintain
mowing

deer, mice, gophers, and other vertebrate pests
domestic and natural predators

disease and insect control
roguing out diseased and declining canes
removing prunings, leaf matter, and other debris

vegetation in the aisle and smother weeds
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simazine Princep 80W 2.0--4.0 lb 2.5--5.0 lb $11.25 1

terbacil Sinbar 80W 2.0--4.0 lb 2.5--5.0 lb $75.50 1

oryzalin Surflan 4L 2.0--4.Olb 2.0--4.Oqt $40.25 1

nap ropamide Devrinol 50W 4.0 lb 8.0 lb $52.80 1

norflurazon Solicam DF 2.5--5.0 lb 3.0--6.25 lb $54.90 1

pronamide Kerb 50W 0.5--2.0 lb 1 .0--4.0 lb $48.20 1

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments
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Application
Method

Treatments! Retreatments
Percentage Acres Pounds

banded 60% 3,700 4,800
banded 5% 310 400
banded 12% 740 950
banded 5% 310 530
banded 16% 980 1,800
banded or broadcast 4% 290 400

10% 610
20% 1,200

100% 6,100

80% 4,900
100% 6,100

Comments

Growers apply simazine alternately with
diuron.

The irrigation necessaryforground covers
promotes fruit rot (gray mold).
Mice are a nuisance in fields covered
withgrasssod.



Raspberries
Red Raspberries
Acres: 4,000 acres
Yield: 4,630 lb/acre

Black Raspberries
Acres: 1,200 acres
Yield: 2,130

Dormant
spur blight, cane blight, anthracnose, redberry mites, twospotted spider mites

calcium polysulfide Lime Sulfur 12 lb 10 g/i 00 gal

Delayed Dormant
twospotted spider mites, redberry mites

calcium polysulfide Orthorix, Polysul
dormant petroleum oil

germinating weeds
diuron Karmex 80W, Direx
hand weeding

raspberry crown borer
diazinon Diazinon 50W

Spring
winter and summer annual weeds

rototilling and cultivation
yellow rust

Production: 18,500,000 lb
Value: $14,250,000

Production: 2,550,000 lb
Value: $1,540,000

Scouts begin trapping for obliquebanded leafrollers and orange tortrix.

Prebloom
obliquebanded leafroller, orange tortrix, green cutworm
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Farm Price All:
Farm Price Proc:

Farm Price All:
Farm Price Proc:

67.0 cents/lb
74.0 cents/lb

60.4 cents/lb
60.0 cents/lb

$23.20 1

$17.40 1

$15.00 1

$26.25 i

$i8.60 1

$32.06 1-2

$34.80 1

$il.03 1

$25.20 i-4

$16.06 1

$25.00 1-2
$33.77 1-2

$25.50

$ioi.70 1

$43.94 i

$120.00 1

$12.40 1

$3.45 1

$12.75 1

calcium polysulfide Polysul 6--i 8 lb 6.0 gal/i 00
sulfur Thiolux DF, Micronized Sulfur

Microthiol Special 9.0 lb 6--lSlb
field mice

zinc phosphide Zinc Phosphide Bait 2.0--2.Soz 6.0--8.0 lb
burn back primocanes

paraquat Gramoxone Extra 0.625--0.94 lb 2.0--3.0 pt
monocarbamide Enquik lO--iSgal
oxytlurofen Goal 1 .6E 0.44 lb
remove pnmocanes

phytophthora root rot
fosetyl-aluminum
metalaxyl

Aliette WDG
Ridomil 1.0 lb i.Oqt

nematodes
fenamiphos Nemacur

carbaryl Sevin SOW 2.0 lb 4.0 lb
azinphos-methyl Guthion 50W 0.25 lb 0.5 lb
B.t. Javelin, DiPel 0.5--i .0 lb 1.0--2.Opt

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

4.0 lb 3.0 gal/i 00 gal
3.0--6.Olb 2.0--3.0 gal/i 00 gal

2.0--4.Olb 2.5--5.0 lb

2.0 lb 4.0 lb
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Application Treatments! Retreatments
Method Percentage Acres Pounds

foliar spray 20% 1,000 12,000

cane spray 28% 1,500 5,800
cane spray 28% 1,500 6,800

banded row spray 19% 990 1,800
handweeding 40% 2,100

drench 15% 780 1,600

80% 5,400

foliarspray 5% 260 1,600

foliar spray 12% 620 5,600

bait 5% 260 40

basal spray 12% 620 590
basal spray 10% 540 1,500
basal spray 13% 680 300

foliarspray 10% 540 540
drench 32% 1,700 1,700

drench 10% 540 1,000
100% 5,200

foliarspray 10% 540 1,100
foliarspray 3% 160 40
foliarspray 35% 1,800 1,300

Comments

Diazinon is applied in 300 GPA.

Most growers cultivate the land, but a
few have grass sod.

Growers broadcast the bait with cyclone
spreader or by hand between rows.

Special application equipment is
needed for spraying sulfuric acid.

Targets adult moths.



Bloom
botrytis fruit rot

captan Captan 50W
iprodione Rovral
benomyl Benlate 50W

obliquebanded leafroller, orange tortrix
B. t. Javelin

malathion Malathion 5
bifenthrin Brigade
azinphos-methyl Guthion 50W
esfenvalerate Asana XL

obliquebanded leafroller, orange tortrix
B. t. Javelin
carbaryl Sevin 50W, 4L

Postharvest
twospotted spider mites

fenbutatin-oxide Vendex 4L, SOW
dicofol Kelthane

phytophthora root rot
metalaxyl Ridomil

Postbloom and Harvest
botrytis fruit rot

iprodione Rovral 0.5--i .0 lb i .0--2.0 lb
vinclozolin Ronilan
irrigation management

root weevils, aphids, leafhoppers, gnats, stinkbugs, general cleanup spray
1 .5--2.0 lb 2.5--3.5 pt
0.06--0.1 lb 3.9--6.4 oz
0.25--0.5 lb 0.5--i .0 lb
0.1--0.2lb 3.2--6.4floz

0.5--i .0 lb i .0--2.0 pt
2.Olb 4.0 lb. 4.0 pt

Fall and Winter
winter annual germinating weeds

simazine Princep 80W 2.0--4.0 lb
terbacil Sinbar 80W 2.0-4.0 lb
oryzalin Surfian 4L 2.0--4.0 lb
napropamide Devnnol 50W 4.0 lb
norflurazon Solicam DF 2.5--5.0 lb
pronamide Kerb 50W 0.5--2.0 lb
cover crops: Grasses such as alta fescue maintain vegetation in
mowing

deer, mice, gophers, and other vertebrate pests
domestic and natural predators

disease and insect control
roguing out diseased and declining canes
removing prunings, leaf matter, and other debris
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2.5--5.0 lb
2.5--5.0 lb
2.0--4.Oqt
8.0 lb
3.0--6.25 lb
1.0--4.Olb
the aisle and

$8.68
$48.00

$3.45
$5.09

$23.63
$12.40

$13.13
$90.60
$60.38
$52.80
$73.20
$48.20

smother weeds.
$86.95

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name active formulated cost/acre treatments

1 .0--2.0 lb 2.0--4.0 lb $9.30 1

0.5--1.Olb i.0--2.Olb $36.15 1

0.375--0.5 lb 0.5--i .0 lb $12.71 i

0.5--1.Olb 1.0--2.Opt $15.75 1-2

$36.15 1-2

$22.30 1-2

1-3

0.75-1.0 0.75--i .0 qt $43.32 1

0.7 lb 2.0 lb $23.50 1

2.0 lb 2.0 qt $87.88 1

1-2
1

1

1

1

1

1

1

4
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Application Treatments! Retreatments
Method Percentage Acres Pounds

fruit spray 42% 2,200 3,200
fruit spray 20% 1,000 780

fruit spray 35% 1,800 660

foliarspray 10% 520 520

foliarspray 50% 2,600 1,900

foliarspray 18% 930 700
80% 4,200

foliar spray 32% 1,700 2,900
foliarspray 10% 540 540

foliar spray 12% 620 230
foliarspray 15% 780 150

foliar spray 15% 780 590
foliarspray 30% 1,600 3,100

foliar spray 12% 620 470
foliarspray 18% 940 660

drench 40% 2,100 4,200

banded 30% 1,600 2,000
banded 15% 780 1,000
banded 12% 620 800

banded 10% 520 890
banded 6% 310 540
banded 15% 780 600

10% 520
20% 1,000

100% 5,200

80% 4,200
100% 5,200

Comments

Bloom is protracted over 3 weeks.

Simazine is alternated with diuron
everyotheryear.

Irrigation required for ground cover
promotes fruit rot (gray mold).

Mice are a nuisance in fields covered
with grass sod.



Bloom
botrytis gray mold,

captan
benomyl
iprodione
oil
triforine

mummyberry
Captan 50W
Benlate SOW
Rovral
Stylit Oil
Funginex

Spring
bacterial canker

copper sulfate Bordeaux
copper hydroxide Nordox, Champ

phytophthora root rot
metalaxyl Ridomil 2E

mummy berry
triforine Funginex

aphids, yellow jackets, scale, cherry fruitworm
diazinon Diazinon 50W, 4E 0.5--i .0 lb
insecticidal soap M-Pede

winter moths - Winter moths sometimes are confused with leafrolle
field mice and other rodents

diphacinone Ramik Green 1O--4Olb

8-8-100
1.5--3.Olb

4.0--8.Olb

0.3 lb

1.0--2.Olb
0.375--U.S lb
0.5--i .0 lb
4.0--6.Olb
0.3 lb
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1 pt/i3O00ft

24 oz

1 .0--2.0 pt, lb
2.0 gal/i 00 gal
rs but normally are

2.0--4.0 lb
0.67--i .0 lb
1 .0--2.0 lb
1.0 gal/i 00 gal
24 oz

$25.00 1

$38.36 1

$i75.75 1

$i5.56 1-2

$4.65 i
$39.00 1

not a pest.

$60.00 1

$23.25
$3i .78
$90.38

$9.00
$i5.56

1-4

1-4
i-4

1

i -2

Blueberries
Acres: 1,950 acres Production: 14,500,000 lb Farm Price All: 49.3 cents/lb
Yi&d: 7,180 lb Value: $6,900,000 Farm Price Proc: 33.0 cents/lb

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

Preplant
weeds, nematodes

metam-sodium Vapam >$200.00 i

Winter
bacterial blight, bacterial canker

copper Kocide 101 4.0--6.Olb $2i8.75 2-3
copper sulfate Bordeaux 8-8-1 00 $25.00 i
captan Captan 50W i.0--2.Olb 2.0--4.0 lb $9.30 1

lecanium scale
oil Spray oil 6E 12--18 lb 2.0--3.O'gal/iOOg $15.00 1

winter annual weeds
oryzalin Surtlan 2.0--6.0 lb 2.0-6.0 qt $40.25 i
napropamide Devrinol 50W 4.0 lb 8.0 lb $54.80 1

norflurazon Solicam DF 2.5--5.0 lb 3.0--6.0 lb $i23.33 1-2

diuron Karmex 80W 1.6--2.4 lb 2.0-3.0 lb $26.25 1-2

simazine Princep i.6--4.Olb 2.0--5.0 $i9.69 1-2

dichlobenil Casoron 4G 4.0--6.0 lb 50--iSO lb $i80.00 1

2,4-D MiHer Envy 0.5 lb 1.0 pt $1.76 i
pronamide Kerb 50W 1.0--2.Olb 2.0--4.Olb $i8.08 1

terbacil Sinbar 0.8--i .6 lb 1.0--2.Olb $45.55 1

rototilling and other cultivation $23.37 i-3
mowing $58.62 2-5

hand weeding $90.00 1-4
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Application Treatments! Retreatments
Method Percentage Acres Pounds Comments

inject into ground 1% 20

cane spray 40% 1,200 1,900

cane spray 20% 400 3,200
cane spray 10% 200 300

cane spray 35% 700 12,000

banded 15% 300 520
banded 10% 200 350

banded 35% 700 900

banded 45% 900 770

banded 55% 1,100 1,200
banded 6% 120 480

banded 4% 80 40

banded 2% 40 25

banded 2% 40 20
150% 2,900
10% 200 Turf must be tough enough to

140% 2,800 withstand traffic.

foliarspray 5% 100 800
foliarspray 30% 600 1,400

soil drench 6% 120 240

foliar spray 20% 400 120

foliar spray 33% 660 500
foliarspray 8% 160 960

pellets 5% 100 5

fruit spray 170% 3,400 5,100
fruit spray 70% 1,400 600
fruit spray 30% 600 400

fruit spray 1% 20 100

fruit spray 40% 800 240



Preharvest and Harvest
bird prevention

balloons, cannons, other scare devices
botrytis gray mold

Adjust irrigation periods to avoid leaving foliage wet overnight.
deer, mice, gophers, birds, and other vertebrate pests

domestic and natural predators

Postharvest
bacterial canker

copper sulfate Bordeaux 8-8-i 00 $25.00 1

copper hydroxide Nordox, Champ 1 .5--3.0 lb $57.54 1-2

summer annual weeds
glyphosate Roundup 1 .5--5.0 lb 1 .5--5.0 qt $15.00 1-2

paraquat Gramoxone Extra 0.625--0.94 lb 2.0--3.0 pt $23.91 1-2

disease and insect control
roguing out diseased and declining canes
removing prunings, leaf matter, and other debris
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Cultural Method!
Common Name Trade Name

Rate
active

Rate
formulated

Treatment
cost!acre

Number of
treatments

Postbloom and Preharvest
obliquebanded leaf roller, orange tortrix, aphids

carbaryl Sevin 50W 1 .5--2.0 lb 3.0--4.0 lb $10.85 1

B.t. Javelin 0.5--i .0 lb 1.0 lb $15.75 1

methomyl Lannate 0.45--0.9 lb 3.0--4.0 pt $46.35 1

phosmet Imidan 50W
root weevils

malathion Malathion 5E

1.0 lb

1.0--i .25 lb

2.0 lb

3.2 pt

$6.90

$9.26

1

1-2

bifenthrin Brigade 0.06--0.1 lb 3.2--6.4 lb $98.00 1

esfenvalerate Asana
slugs

metaldehyde Deadline, Slug Fest

0.1 --0.2 lb

0.8 lb

4.8--9.6 fI oz

40 lb

$8.96

$67.20

1

1-2

+ carbaryl 2.0 lb



43

Application Treatments! Retreatments
Method Percentage Acres Pounds Comments

foliarspray 10% 200 300
foliarspray 12% 240 180
foliarspary 3% 60 so
foliarspray 1% 20 30

foliar spray 25% 500 560 Spray is applied at night to control
foliarspray 10% 200 20 weevils.
foliarspray 5% 100 15

scatter bait 8% 160 130
320

40% 780

80% 1,600

100% 2,000

foliar spray 5% 100 800
foliarspray 70% 1,400 7,000

spot treatment 75% 1,500 750
spot treatment 35% 700 65

80% 1,600
100% 2,000



Grapes
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Acres: 7,006 acres Production: 14,000 tons
Yield: 2.5 tons/acre Value: $13,440,000

Farm Price Fresh:
Farm Price Proc: $960/ton

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost!Acre Treatments

Dormant
lecanium scale, mealybug

oil Supreme Oil
powdery mildew

calcium polysulfide Lime Sulfur, Orthorix 4.0 lb
winter annual weeds

diuron Karmex 80W 1 .6--3.2 lb

2.5 gal/i 00 gal

3.0 gal/i 00 gal

2.0--4.0 lb

$i5.00

$i7.40

$21.00

i

i

1

napropamide Devnnol 50W 4.0 lb 8.0 lb $70.40 1

oryzalin Surflan AS 2.0--6.0 lb 2.0--4.0 qt $60.38 1

oxyfluorlen Goal 1.6E 0.5--2.Olb 2.5--iopt $73.i7 1

simazine Princep 80W 1.6--4.Olb 2.0--5.Olb $13.i3 1

norflurazon Solicam 2.5--5.0 lb 3.0--6.25 lb $9i .50 1

Spring and Summer
summer and winter annual weeds

2,4-D Envy 0.5 lb
cane and leafspot

captan Captan 50W 1 .0--2.0 lb
aisle vegetation management

cultivating

i.Opt

2.0--4.0 lb

$i.76

$13.95

$2i.72

1

1-2

1-4

mowing and flailing $2i.49 1-12

mulching
grasses

sethoxydim Poast 0.28--0.48 lb
in-row weeds

paraquat Gramoxone Extra 0.5--i .0 lb

1.0--i .5 pt

$23.37

$29.21

$57.38

1

1

1-3

glyphosate Roundup i .0--5.0 lb
grape mealybug, leaf hoppers, thrips, cutworms

carbaryl Sevin 1.0--2.Olb

$44.00

$4.65

1-4

1

diazinon Diazinon 0.5--i .0 lb $3.49 i
dimethoate Cygon 0.375 lb

mice, gophers, deer, racoons, and other vertebrate pests
domestic and natural predators

$2.61 i

Prebloom to Preharvest
powdery mildew

copper hydroxide Kocide DF, Kocide 101 0.6--0.9 lb $38.36 1-4

dinocap Karat hane WD 1 2--24 oz $7.60 i
fenarimol Rubigan EC 0.016--0.05 lb $73.00 i-7
myclobutanil Rally 40W 1.2--2.Ooz $45.00 i-6
sulfur Thiolux DF, Super 6F, 0.75--i .5 lb $6.30 1-12

Kolospray, Wettable Sulfur
triadimefon Bayleton 50W 1 .0--3.0 oz $60.00 i-ia
triflumizole Procure $50.00 1-3

insecticidal soap M-Pede $39.00 i-4
oil Stylet Oil $i8.00 1-2

calcium bicarbonate $2.20 1-3
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Application Treatments / Retreatments
Method Percentage Acres Pounds Comments

dormant spray 3% 210 1,600

dormant spray 23% 1,640 6,600

banded 2% 150 155
banded 3% 200 350
banded 7% 510 880
banded 5% 380 250
banded 6% 1,840 2,400
banded <1% 25 50

foUar spray 10% 680 340

foliar spray 2% 160 320

48% 3,400
267% 19,000
<1% 10

foliarspray <1% 40 15

foliar spray 25% 1,760 1,900
foliar spray 92% 6,480 5,200

foliar spray 4% 270 410
foliarspray 15% 1,040 510
foliarspray 15% 1,030 390

100% 7,000

foliar spray 49% 3,450 2,800
foliar spray <1% 10 10 Although the EPA has not
foliar spray 118% 8,250 330 reregistered Karathane, use will
foliar spray 118% 8,250 930 continue until stocks are gone.
foliarspray 465% 32,600 107,000

foliarspray 16% 1,090 140
foliarspray 8% 550 1,500
foliarspray 5% 460 900
foliarspray 11% 760 1,400
foliar spray <1% 10 200
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Cultural Method!
Common Name Trade Name

Rate Rate
Active Formulated

Treatment
Cost(Acre

Number of
Treatments

Bloom to Harvest
botrytis bunch rot

benomyl Benlate DF, 50W 0.5--0.75 lb $39.90 1-3

DCNA Botran 75W 1.0 lb/i 00 g $9.00
ip rod lone Rovral $96.00 1-8

mancozeb Manzate 200, Dithane 0.75--2.0 lb $48.00 1-2

Fall
debris, vegetation, and disease management

flaming 1

prune grapes, remove diseased wood, and clear debris
disease and insect control

rogue out diseased and declining canes



Application Treatments / Retreatments
Method Percentage Acres Pounds Comments

foliar spray 8% 570 340
foliar spray 1% 100 80
foliarspray 97% 6,810 5,100
foliar spray 3% 200 250

10% 700
80% 7,000

100% 7,000
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Cultural Method! Rate Rate
Common Name Trade Name Active Formulated

Treatment
Cost/Acre

Number of
Treatments

Dormant
winter annual weeds, legumes, lotus, purple aster, silver leaf, sheep sorrel, false lily of the valley

napropamide Devrinol 1 OG 7.5--151b 75--i 50 lb $56.00 1

dichlobenil Casoron 4G 4--61b 50--i 50 lb $180.00 1

norflurazon Evital 5G 4--81b 80-160 lb $109.80 1

chloropropham CIPC 5--121b $30.00 1

dalapon Dowpon 1.5 lb $15.00 1

simazine Princep 80W 2.0 lb 2.5 lb $9.38 1

flooding 1

hand pulling
cranberry girdler (Chrysoteuchia topiaria)

sanding
phytophthora root rot

tile fields

$1,000

1

1

Spring
weeds

hand pulling $100.00 1-2

2,4-D Weed-RhapGranularD 2.0--4.0 lb 10-20 lb
blackheaded fireworms (Rhopobota naevana)

diazinon Diazinon SOW 2.0 lb 4.0 lb

$28.20

$9.30

1

1

azinphos-methyl Guthion 50% 1.Olb 2.Olb $13.45 1

acephate Orthene 75S 1.Olb 1.31b $11.18 1

chlorpyrifos Lorsban 4E 1.51b 1.5qt $22.09 1

carbaryl Sevin 50W 1 .5--3.0 lb 3.0--6.D lb
cranberry girdler

diazinon Diazinon 1 4G 3.0 lb 21 lb

$13.95

$13.98

1

1

parasitic nematodes BioSafe N, BioVector
phytophthora root rot

metalaxyl Ridomil 2E 4.0--7.0 pt

$180.00

$1 31 .2S

1

1

Summer
lophodermium twig blight, fruit rot complex

chlorothalonil Bravo 720, 9ODG, 500 3.0--5.25 lb $50.40 1-2

captan Captan SOW 6.0--9.Olb 12--181b $31.00 1

captafol Difolatan 3.0--S.D lb $25.00 1

ferbam Ferbam 1.5 lb $4.71 1

maneb 3.8--4.81b $32.00 1

mancozeb Dithane 45 2.4--4.8 lb $32.00 1

zineb 4.5--6.Dlb
fireworms

diazinon Diazinon 50W 2.0 lb 4.0 lb

$16.00

$18.60

1

1

azinphos-methyl Guthion 50W 1.0 lb 2.0 lb $13.46 1

acephate Orthene7sS 1.0 lb 1.3 lb $11.18 1

chlorpyrifos Lorsban 4E 1.5 lb i.5qt
summer annual weeds, perennial and biennial weeds

hand pulling

$22.09

>$100.00

1

1-2

glyphosate Roundup 20%--33% solution $25.00 1

Cranberries
Acres: 2,000 acres Production: 170,000 barrels Farm Price Fresh:
Yield: 100 barrels/acre Value: $8,156,888 Farm Price Proc: $46.80/barrel



Application Treatments! Retreatments
Method Percentage Acres Pounds Comments

cyclone spreader 54% 1,100 11,000
cyclone spreader 46% 920 4,600
cyclone spreader 5% 100 600
chemigation 9% 180 1,000
chemigation <1% 6 9

chemigation 2% 300 550
20% 400
90% 1,800

25% 500

1% 20

spot treat 29% 580 4,400

chemigation or boom spray 35% 700 1,400
chemigation or boom spray 5% 100 100
chemigation or boom spray 5% 100 100

chemigation or boom spray 20% 200 300
chemigation or boom spray 5% 100 150

cyclone spreader 5% 100 2,100

drench 5% 100 150

chemigation or boom spray 192% 3,800 15,000
chemigation or boom spray 8% 160 900
chemigation or boom spray 25% 500 1,200
chemigation or boom spray 17% 340 370
chemigation or boom spray 9% 180 500
chemigation or boom spray 43% 860 1,600
chemigation or boom spray 4% 80 300

chemigation or boom spray 35% 700 1,400
chemigation or boom spray 5% 100 100
chemigation or boom spray 5% 100 100

chemigation or boom spray 20% 200 300

150% 3,000
wick applicator, spot treatment 15% 300 1,500
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Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

watergrass, quackgrass, annual bluegrass
sethoxydim Poast 0.28--0.47 lb 1 .5--2.5 pt $39.93 1

+011 1%
black vine weevil, strawberry root weevil, obscure root weevil

Nafluoroaluminate Cryolite 20% Bait 6.0 lb 30 lb $30.00 1-2

carbofuran Furadan $77.80 1

malathion Cythion 57 0.94 lb
flood bog

1.5 pt $4.33 1

Fall
summer annual weeds, perennial and biennial weeds

hand pulling $100.00 1-2

sulfur 1,000 lb
deer, gophers, mice, and other vertebrate pests

domestic and natural predators

$900.00 1

1

New Plantings
winter annual weeds

napropamide Devrinol 1 OG 7.5 - 15 lb 75- 150 lb $64.64 1
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Application Treatments / Retreatments
Method Percentage Acres Pounds Comments

spot treatment 10% 200 75
480

spot treatment 15% 300 1,800
cyclone spreader 2% 60 240
spot treatment 2% 60 40

30% 600

150% 3,000
spot treatment 6% 120 120,000 Sulfur lowers soil pH and improves

plant vigor.
100% 2,000

cyclone spreader 10% 200 2,000



Dormant Period
Pseudomonas

copper hydroxide
San Jose scale

chlorpyrifos
oil
calcium polysulfide

Pre Pink
apple scab

benomyl
dodine
fenarimol
myclobutanil
mancozeb
triflumizole

obliquebanded leafroller,
chlorpyrifos
B. t.

Lygus
endosulfan

leaf miners
oxamyl

Pink
apple scab, powdery mildew

benomyl Ben late 50W
captan Captan SOW
dodine Syllit 65W
fenarimol Rubigan EC
myclobutanil Rally 40W
triadimefon Bayleton SOW
triflumizole Procure SOS

green fruitworm, green apple aphid
endosulfan Thiodan SOW

tentiform leafminer
oxamyl Vydate 2L

Kocide DF

Lorsban 4E
Supreme oil
Lime Sulfur Spray

Benlate50W
Syllit 65W
Rubigan EC
Rally 40W
Dithane 80W
Procure SOS

pandemis leafroller
Lorsban 4E
Dipel, Javelin

Thiodan SOW

Vydate 2L

2.0 lb
241b
381b

8--bIb

4.0 pt
4.0 gal
12 gal

1.Olb 2.Olb
1.3-- 2.0 lb 2.0--3.0 lb

10 oz
0.l2Slb 5.Ooz
4.8lb 6.Olb
O.2S--5.Olb 8--l6oz

1 .S--2.0 lb 3.0--4.0 pts
1.O--2.Olb 1.0--2.Olb

2.0 lb 4.0 lb

0.5 lb 2.Opts

i.Olb 2.Olb
4.0 lb 8.0 lb
1.625 lb 2.5 lb

10 oz
0.1251b S.Ooz
O.2--0.2S lb 6.0--8.O oz
O.25--S.Olb 8-l6oz

2.0 lb 4.0 lb

0.5 lb 2.0 pt
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$34.00

$28.00
$46.40
$54.00

$34.00
$23.13
$22.81
$25.00
$24.00
$40.00

$24.50
$30.00

$28.80

$44.28

$17.00
$12.40
$23.13
$22.85
$25.00
$13.50
$40.00

$28.80

$22.14

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Apples
Acres: 9,680 acres Production: 3,S69,000 boxes Price per box: $5.85
Yield: 369 boxes/acre Value: $20,831,000

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

Delayed Dormant
San Jose scale, European red mite eggs, rosy apple aphid, leafrollers, rosy apple aphid eggs

chlorpyrifos Lorsban 4E 2.0 lb 4.0 pts $28.00 1

methidathion Supracide 2E 2.0 lb 1.0 gal $48.65 1

oil Supreme oil 24 lb 4.0 gal $46.40 1

powdery mildew, apple scab
copper hydroxide Kocide 8--i 0 lb $34.00 1

mancozeb Dithane M-45 4.8 lb 6.0 lb $24.00 1

myclobutanil Rally 40W 0.125 lb 5.0 oz $25.00 1



Application Treatments! Retreatments
Method

orchard blast sprayer

orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blastsprayer
orchard blastsprayer
orchard blastsprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

CommentsPercentage Acres Pounds

8% 770 6500

2% 190 380
21% 2,050 19,100
3% 290 7,700

70% 6,800 11,900
2% 160 310

77% 7,400 105,200

36% 3,500 20,100
27% 2,800 10,300
27% 2,800 800

7% 680 1,000
66% 6,400 10,100
20% 1,900 1,400
32% 3,100 600
27% 2,600 10,300

4% 380 180

31% 3,000 5,100
60% 5,800 3,800

9% 910 2,400

1% 140 70

4% 380 370
1% 96 370

64% 6,200 9,700
20% 1,900 1,400
76% 7,400 1,900
3% 330 140
1% 60 24

6% 620 1,900

2% 160 80



Full Bloom
promote elongate fruit on red delicious apples

gibberellic acid Promalin
terramycin Mycoshield

Petal Fall
apple scab, powdery

benomyl
dodine
fenarimol
myclobutanil
triadimefon

thrips
formetanate hcl

Postharvest
clean up, apple scab

calcium polysulfide

mildew
Benlate 50W
Syllit 65W
Rubigan EC
Rally 40W
Bayleton 50W

Carzol 92SP
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1.Olb 2.Olb
1.61b 2.51b
1.251b lOoz
0.125 lb 5.Ooz
3.0--4.O lb 6.0--8.0 oz

0.9lb i.Olb

1.61b 2.51b
1.251b lOoz
0.1251b 5.Ooz
0.2--0.375 lb 6.0--8.0 oz

$34.00
$23.13
$22.81
$25.00
$26.25

$36.40

$23.13
$22.81
$25.00
$26.25

1

1

1

1

1

1

1

1

1

Lime Sulfur Spray 1 .6--3.2 lb/a 2.0--3.0 qUa $11.25 1

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated CostlAcre Treatments

Post Petal Fall
apple scab, powdery midew

dodine Syllit 65W
fenarimol Rubigan EC
myclobutanil Rally 40W
triadimefon Bayleton SOW

Cover Sprays
codling moth, apple maggot

azinphos-methyl Azinphos-methyl SOW 1.25 lb 2.5 lb
chlorpyrifos Lorsban 4E 3.0--4.0 lb 3.0--4.Opt
methyl parathion Penncap-M 1.5 lb 6.Opt
phosmet Imidan SOW 2.0--4.0 lb 4.0--6.0 lb

white apple leafhopper, spider mites
abamectin Agri-MekO.15E 0.01 lb 10 fI oz

wooly apple aphid, pandemis leafroller, leafrollers
chlorpyrifos Lorsban 50W 1.5 lb 3.0 lb
methyl parathion Penncap M 0.5 lb 2.0 pt

San Jose scale
methyl parathion Penncap M 0.5 lb 2.0 pt

green apple aphid, rosy apple aphid, apple grain aphid, aphids
dimethoate Dimethoate 25W 1 .5--2.0 lb 6.0--8.0 lb
endosulfan Thiodan 50W 2.0--2.5 lb 4.0--5.Olb
phosphamidon Phosphamidon 8E 1.Opt
imidacloprid Provado 4.0--6.0 oz

leafhopper, leafminers
oxamyl Vydate 2L 0.5 lb 2.0 pt

European red mite
fenbutatin-oxide Vendex 4L 13.75--27.51b 8--l6oz

0.5--i .0 lb 1.0--2.Opt $102.68
2.0 lb 2.0 lb 1

Preharvest
storage rots

ziram Ziram 76 WDG 3.0--4.5 lb 4.0--6.0 lb $14.85 1

$17.25 3-4
$49.00 4
$21.94 1

$17.25 3-4

1

$21.00 1-2

$7.31 1

$7.31 1

$24.78 1

$32.40 1

1

1

$22.14 1

$20.31 1



Application Treatments / Retreatments
Method Comments

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blastsprayer
orchard blastsprayer

orchard blastsprayer
orchard blastsprayer
orchard blastsprayer
orchard blastsprayer

orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blastsprayer
orchard blastsprayer

orchard blastsprayer

orchard blastsprayer
orchard blastsprayer
orchard blastsprayer
orchard blast sprayer

orchard blastsprayer

orchard blast sprayer

orchard b'ast sprayer

orchard blastsprayer

Percentage Acres Pounds

12% 1,200 660
5% 510 510

5% 500 490
21% 2,050 4,000

7% 660 310
28% 2,700 320
3% 330 70

8% 740 720

7% 670 1,100
4% 430 210

20% 1,980 270
7% 660 82

209% 20,200 20,400
2% 190 320

33% 3,200 1,600
23% 2,200 710

18% 1,700 1,200

1% 100 140
1% 60 30

1% 60 30

2% 170 280
3% 330 570
2% 170 160

26% 2,480 741

8% 770 380

15% 1,450 1,140

3% 230 1,100

2% 160 300
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Cultural Method!
Common Name Trade Name

Rate
Active

Rate Treatment
Formulated Cost/Acre

Number of
Treatments

Chemical Thinning
red delicious, golden delicious, newtown pippin, spur delicious

carbaryl Sevin 50W 0.25--0.5 lb/i 00 gal $2.85 1

ethephon Ethrel 1.0--i .5 pt/i 00 gal $25.00 1

NAA NAA 200 0.5--i .2 oz/1 00 gal 1

NAD Amid-thin W 3.0--5.0 oz/i 00 gal $3.89 1

Stop Drop
red delicious

NM Stop Drop 0.9--i .2 pt 1-2

Dump Drench
storage rots

chlorine AgChlor 150--200 ppm 1

DPA No Scald DPA i000--2000 ppm 1

Thiobendazole Mertect 340-F 16 fI oz/100 gal 1

Line Spray
storage rots

Thiobendazole Mertect 340-F 16f1 oz/iOO gal 1

Site Preparation
tree hole

metam-sodium Soil Prep 30--i 00 gal 1

Vegetation Management
tree row, banded treatment in new plantings

glyphosate Roundup 1.0--4.Olb i.0--4.Oqt $10.42 1

napropamide Devrinol 50W 2.0 lb 4.0 lb $9.44 1

oryzalin Surfian AS 1 .0--3.0 lb 2.0--6.Oqt $27.57 1

paraquat Gramoxone Extra 0.75 lb i.25qt $10.05 i
pendamethalin Prowl

broadleaf weeds in alleyway and tree row in
i.5--3.Olb

established plantings
2.0--4.0 qt $7.99 1

2,4-D amine Envy, Dacamine 1.0 lb i.Oqt $7.93 1

dichlobenil Casoron 4G 2.0 lb 501b $26.67 1

diuron Karmex 80W 1.6--3.21b 2.0--4.0 lb $6.30 1

glyphosate Roundup 1 .25-5.O lb i.25--5.Oqt $10.42 1

metolachlor Dual8E 2.5--bIb i.25--5.Oqt $6.15 1

napropamide Devrinol 50W 2.0 lb 4.0 lb $9.44 1

norflurazon Solicam 80W 1 .6--3.2 lb 2.0--4.0 lb $4.58 1

oryzatin SurflanAS 1.0--3.Olb 2.0--6.0 pt $27.57 1

oxylluorfen Goal 1 .6E 0.5--2.0 lb 2.5--iopt $6.73 1

paraquat Gramoxone Extra 0.75 lb 1.25qt $10.05 1

pronamide Kerb 50W 0.5--2.0 lb 1.0--4.Olb $8.03 1

simazine Princep 80W 1.6--3.21b 2.0--4.Olb $3.25 1

terbacil Sin bar 80W 1.6--3.21b 2.0--4.Olb $30.20 1



Application Treatments! Retreatments
Method

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

direct fruit spray

soil fumigation

banded spray
banded spray
banded spray
banded spray
banded spray

band spray
granular
banded spray
banded spray
banded spray
banded spray
banded spray
banded spray
banded spray
banded spray
banded spray
banded spray
banded spray

57

1% 120 1,260

1% 120 11,400

13% 1,240 470 Roundup must not be sprayed on trunks.
4% 380 290 Devrinol is banded in the tree row.
2% 230 290 Surf Ian is banded in the tree row.

16% 1,600 780 Gramoxone is banded in the tree row.
1% 100 95 Prowl is banded in the tree row.

32% 3,100 2,500 2,4-D is sprayed in the alleyway.
6% 540 1,030 Casoron is sprinkled all over.

13% 1,200 930 Diuron is banded in the tree row.
65% 6,250 3,070 Roundup must not be sprayed on trunks.

1% 100 24 Dual is banded in the tree row.
7% 660 390 Devrinol is banded in the tree row.
8% 140 80 Solicam is banded in the tree row.

35% 3,400 7,200 Surllan is banded in the tree row.
5% 500 390 Goal is banded in the tree row.

34% 3,300 980 Gramoxone is banded in the tree row.
4% 430 150 Kerb is banded in the tree row.

17% 1,650 1,560 Princep is banded in the tree row.
1% 100 76 Sinbar is banded in the tree row.

Percentage Acres Pounds Comments

50% 4,900 3,300
7% 690 530

15% 1,500 260
7% 690 480

17% 1,690 94
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Cultural Method!
Common Name

Rate
Trade Name Active

Rate
Formulated

Treatment
CostlAcre

Number of
Treatments

All Season
gophers, gopher runs

aluminum phosphide
mice, mice holes

chlorophacinone

Phostoxin 1 .0--2.0 tablets/run

Rozol Parafinnized Pellets 10 lb $12.50

1-5

1-5

diphacinone Ramik Brown, Ramik Green 5.0 lb $7.20 1-5

zinc phosphide ZP Rodent Bait 2.0--3.0 lb $3.60 1-5
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Application
Method

Treatments / Retreatments
Percentage Acres Pounds Comments

gas fumigant 1% 30 5 The grower drops the pellets into the runs
and then closes the entrance with soil.

bait 1% 30 5 Bait is placed in burrow.
bait 5% 580 21 Bait is placed in burrow.
bait 1% 30 70 Bait is dropped in the run.



Pears
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Acres: 16,958 acres Production: 174,621 lb
Yield: 10.1 tons/acre Value: $66,307

Cultural Method! Rate Rate Treatment
Common Name Trade Name Active Formulated Cost/Acre

Number of
Treatments

Dormant Period
Pseudomonas

copper hydroxide Kocide 6.0--8.0 lb
pear psylla, pear rust mite, pear psylla eggs, scale, San Jose scale

oil Supreme oil 38 lb 6.0 gal

$17.00

$69.60

1

i
sulfur Sulfur DF 7.5 lb 7.5 lb

pear psylla, pear rust mite
calcium polysulfide Lime Sulfur Spray 38 lb 12 gal

$7.88

$54.00

1

1

Delayed Dormant
San Jose scale, European red mite eggs, pear rust mite, pear psylla, pear psylla eggs

calcium polysulfide Orthorix, Lime-Sulfur 32 lb iogal $45.00 1

chlorpyrifos Lorsban 4E 1.0 lb 2.0 pt $14.00 1

diazinon Diazinon 50W 0.75--i .0 lb 1 .5--2.0 lb $8.14 i
esfenvalerate Asana XL 5.0--9.5 oz $8.43 1

fenoxycarb Comply 8.0 oz 1

methidathion Supracide 2E 2.0 lb 1.0 gal $48.65 1

oil Supreme oil 24 lb 4.0 gal $46.40 1

Pseudomonomas, blossom blast
copper hydroxide Kocide 101 6--i 0 lb $17.00 1

Pre Pink
scab

dodine Syllit 65W 1.3--i .6 lb 2.0--2.51b $19.66 1

Pink
powdery mildew, scab

dodine Syllit 65W 1.3--i .6 lb 2.0--2.51b $19.66 1

mancozeb Dithane M45 4.8 lb 6.0 lb $24.00 1

triadimefon Bayleton SOW 4.0 oz 0.5 lb
pseudomonas, fire blight

$30.00 1

Pseudomonas fluorescens 5.0 oz 1

Full Bloom
pseudomonas, fire blight

streptomycin Agri-mycin 2.0 lb $22.30 1

terramycin Mycoshield 2.0 lb 1

Pseudomonas fluorescens 5.0 oz 1

Petal Fall
scab, powdery mildew

dodine Syllit 65W 1.6 lb 2.5 lb $23.13 i
fenarimol Rubigan EC 10 Oz $22.81 1

mancozeb Dithane 4.8 lb 6.0 lb $24.00 1

triflumizole Procure 8.Ooz
bulls-eye rot

ziram Ziram 76 WDG 2.25--3.0 lb 3.0--4.0 lb $10.40

1

1



Application Treatments / Retreatments
Method Comments

orchard blast sprayer

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

Percentage Acres Pounds

1% 33 200

88% 15,100 308,300
36% 6,200 30,300

24% 4,100 9,300

10% 1,600 29,000
52% 8,900 8,900

3% 510 890
15% 2,700 1,100
57% 9,800 4,900

6% 1,020 2,100
97% 16,700 240,000

57% 9,700 40,100

35% 6,100 12,600

1% 130 350
58% 9,900 36,200

2% 320 80

7% 1,200 320

40% 6,800 8,000
13% 2,200 2,200
18% 3,100 980

22% 3,800 9,600
7% 1,200 320

48% 8,300 30,200
56% 9,500 4,800

12% 2,000 7,300



Post Petal Fall
scab, powdery mildew

mancozeb
triadimefon
triflumizole
fenarimol

Dithane
Bayleton
Procure
Rubigan EC

Cover Sprays
twospotted spider mite, yellow spider mite, European red mite, McDaniel mite

abamectin Agri-MekO.15E 0.05 lb 40 oz
pear psylla

amitraz
codling moth

azinphos-methyl
methyl parathion
phosmet

twospotted spider mite,
clofentezine
fenbutatin oxide
formetanate hcl
oxamyl
hexathiazox

San Jose scale
diazinon
methyl parathion

powdery mildew, scab
dodine

Mitac 50W 1.5 lb

Azinphos-methyl 35W 1.25 lb
Penncap M 0.75 lb
Imidan 50W 2.5 lb

yellow spider mite, European red mite, McDaniel mite
Apollo
Vendex 4L
Carzol 92SP
Vydate 2L
Savey

Diazinon 50W
Penncap M

Syllit 65W

Postharvest
cleanup, pear psylla, rust mites, scab

lime sulfur Lime Sulfur Spray
sulfur Sulfur
oil Supreme Oil

4.0--8.0 oz
0.25--0.51b 8--i6oz
1.151b i.251b
1.Olb 2.Oqt

6.0 oz

1.0--i .25 lb 2.0--2.5 lb
0.75 lb 3.Opt

1.3--i.61b 2.0--2.51b
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6.0 lb
0.5 lb
8.Ooz
3.0--4.0 oz

$24.00
$30.00

$9.13

1

1

1

1

1

1

$17.39 2-4

$10.97 1

$17.25 1-4

1

$40.61 1

$45.50 1

$44.26 1

1

$9.88 1

$10.97 1

$19.66 1

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

Preharvest
storage rots

ziram Ziram4F 4.0 lb 4.0 qt $11.88 1

stop drop
NAA NAA 200 i.Opt $6.22 1

Chemical Thinning
variety dependent

NAA Fruitone N 0.25 lb/i 00 gal 1

Line Spray
storage rots

thiobendazole Mertect 340-F 16f1 oz/i00 gal $20.09 1

Dump Drench
storage rots

Steriseal 1

481b 10-20 gal $67.50 1

iOlb lOIb $10.50 1

36 lb 6.Oqt $17.40 1

4.5 lb
4.Ooz

3.0 lb

3.6 lb
3.0 pt
5.0 lb



Application Treatments! Retreatments
Method Comments

orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blastsprayer
orchard blast sprayer

orchard blastsprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

drench treatment

band spray over belt

Percentage Acres Pounds

25% 4,200 16,700
12% 2,000 780
25% 4,200 2,100
12% 2,000 450

76% 12,900 11,700

6% 1,000 3,100

101% 17,200 40,100
7% 1,200 1,300

57% 9,700 39,000

7% 1,200 430
8% 1,400 1,400
2% 320 400
2% 320 320
7% 1,200 430

2% 320 720
7% 1,200 1,300

2% 250 550

68% 11,500 46,900

121% 20,700 7,000

34% 5,700 133,200
25% 4,200 40,100
64% 10,900 183,800

20% 3,500 2,200

30% 5,200 260

26% 4,400 280
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Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

Site Preparation
tree hole (replant)

metam-sodium Soil Prep 30-100 gal

Vegetation Management
tree row, banded treatment in new plantings

glyphosate Roundup 1 .0--4.0 lb 1 .0--4.0 qt $10.42 1

oryzalin SurilanAS 1.8--4.81b 2.0--6.Oqt $13.79 1

paraquat Gramoxone Extra
broadleaf weeds in alleyway

2,4-D amine Weedar-64
tree row in established plantings

dichlobenil Casoron 4G

0.625 lb

1.0 lb

2.0 lb

1.0 qt

1.0 qt

50 lb

$3.35

$7.93

$26.67

1

1

1

diuron Karmex 80W 1.6-3.2 lb 2.0--4.0 lb $6.30 1

glyphosate Roundup 1 .25--5.0 lb 1.25-5.0 qt $10.42 1

metolachlor Dual 8E 1 .25--5.0 lb 1 .25--5.0 qt $6.15 1

napropamide Devrinol 50W 2.0 lb 4.0 lb $3.15 1

norfiurazon Solicam 80W 1 .6--3.2 lb 2.0--4.0 lb $18.30 1

oryzalin Surfian AS 1 .6--3.2 lb 2.0--6.0 pt $13.79 1

oxyfluorlen Goal 1 .6E 0.5--2.0 lb 1 .25--5.0 qt $6.73 1

paraquat Gramoxone Extra 0.75 lb 1.25 lb $4i 9 1

pendamethalin Prowl 1.5-3.0 lb 2.0--4.0 qt $23.67 1

pronamide Kerb SOW 0.5--2.0 lb 1.0-4.0 lb $8.03 1

sethoxydim Poast 0.1--0.5 lb 1 .0--5.0 pt $6.33 1

simazine Princep 80W 1 .6--3.2 lb 2.0-4.0 lb $6.50 1

All Season
gophers, gopher runs

diphacinone Ramik Brown, Ramik Green 5.0 lb bait $7.20 1



Application
Method

soil fumigation

tree rows
tree rows
tree rows

alleyways

tree rows
tree rows
tree rows
tree rows
tree rows
tree rows
tree rows
tree rows
tree rows
tree rows
tree rows
tree rows
tree rows

bait treatment

Treatments! Retreatments
Percentage Acres Pounds Comments

1% 200 9,800 The tree hole is fumigated.

12% 2,000 1,300
2% 290 360

17% 1,400 670

20% 3,300 2,100

3% 460 930
28% 4,800 4,800

108% 18,400 11,500
3% 460 120
5% 780 1,400

11% 1,800 1,700
32% 5,500 6,900
11% 1,900 5,000
75% 12,700 6,000
2% 280 290
7% 1,200 1,200
7% 1,200 220

37% 6,200 6,300

4% 630 21



Sweet Cherries
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Acres: 11,200 acres Production: 28,000 tons
Yield: 2.5 tons/acre Value: $29,214,000

Cultural Method! Rate
Common Name Trade Name Active

Rate
Formulated

Treatment
Cost/Acre

Number of
Treatments

Dormant
leafrollers, San Jose scale

chlorpyrifos Lorsban 4E 2.0 lb 4.0 pt $28.00 1

malathion Malathion8E 3.Olb 3.Opt $12.19 1

oil Supreme oil 24 lb 4.0 gal $46.40 1

Dormant & Delayed Dormant
Pseudomonas, coryneum blight

copper KocideDF 24 lb 241b $102.00 1

San Jose scale, leafrollers, black cherry aphid
chlorpyrifos Lorsban 4E 1.0--2.0 lb 2.0--4.0 pt $17.50 1

oil Supreme oil 241b 4.0 gal $46.40 1

Spring
bacterial blight

copper hydroxide Kocide DF 24 lb 24 lb $102.00 1

methyl parathion Penncap M 1 .5 lb 3.0 qt $21.94 1

Popcorn
brown rot

benomyl Benlate 50W 1.0 lb 2.0 lb $34.00 1

captan Captan SOW 2.0 lb 4.0 lb $11.00 1

fenbuconazole Indar 2.0 oz 1

iprodione Rovral 50W 1.0 lb 2.0 lb $48.20 1

tebuconazole Elite 45DF
leaf rollers

endosulfan Thiodan 50W
syneta beetle

phosmet Imidan 50W

0.25 lb

2.0 Iba

1.25 lb

8.0 oz

4.0 lb

2.5 lb

$28.40

$8.63

1

1

1

Full Bloom
brown rot, leaf spot

benomyl Benlate 50W 0.75 lb 1.5 lb $25.50 1

captan Captan5oW
brown rot

chlorothalonil Bravo 720

2.0 lb

1.5 lb

4.0 lb

3.0 pt

$11.00

$21.28

1

1

iprodione Rovral 50W 1.0 lb 2.0 lb $48.20 1

tebuconazole Elite 45DF 0.25 lb 8.0 oz 1

triforine Funginex 36--48 oz $26.91 1

Petal Fall
brown rot

chlorothalonil Bravo 720 1.5 lb 3.0 pt $21.28 1

fenbuconazole Indar 2.0 oz 1

iprodione Rovral 50W 1.0 lb/a 2.0 lb/a $48.20 1

tebuconazole Elite 45DF 0.25 lb/a 8.0 oz/a 1



Application Treatments/Retreatments
Method Comments

orchard blastsprayer
orchard blastsprayer
orchard blast sprayer

orchard blast sprayer

orchard blastsprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blastsprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

Percentage Acres Pounds

8% 840 1,700
15% 1,700 1,700
8% 840 13,800

56% 6,300 50,600

9% 1,000 1,900
83% 9,300 233,500

8% 840 14,700
2% 210 630

20% 2,200 1,700
20% 2,200 4,500
3% 380 36
4% 480 740
3% 380 90

5% 560 1,100

20% 2,200 3,900

3% 380 280
3% 380 780

1% 190 270
7% 740 740
6% 640 180
1% 190 110

20% 2,200 3,300
1% 190 110
1% 190 180

06% 640 180



68

Cultural Method!
Common Name Trade Name

Rate
Active

Rate
Formulated

Treatment
Cost/Acre

Number of
Treatments

Petal Fall (continued)
brown rot, leaf spot

calcium polysulfide Lime Sulfur Spray i.0--2.Olb i.5--3.Oqt $3.38 1

myclobutanil Rally 40W
coryenium blight

ziram Ziram 76WSP

0.06--0.15 lb

4.5 lb

2.5--6.0 oz

6.0 lb

$27.50

$18.83

1

1

Shuck Fall
powdery mildew, brown rot

fenarimol Rubigan EC 10 oz $22.81 1

iprodione Rovral 50W 1.0 lb 2.0 lb $48.20 1

sulfur Sulfur DF 8.0 lb 8.0 lb $8.40 1

tebuconazole Elite 45DF 0.25 lb 8.0 oz 1

Post Shuck Fall
brown rot, leaf spot

calcium polysulfide Lime Sulfur Spray 1.0--2.Olb i.5--3.Oqt $3.38 1

myclobutanil Rally 40W 0.06--0.15 lb 2.5--6.Ooz $27.50 1

tebuconazole Elite 45DF 0.25 lb 8.0 oz 1

ziram Ziram 76WSP
brown rot

sulfur Sulfur DF

4.5 lb

6.0 lb

6.0 lb

6.0 lb

$18.83

$6.30

1

1

vinclozolin Ronilan5OW 0.5--i .0 lb i.0--2.Olb $33.45 1

Cover Sprays
cherry fruit fly

azinphos-methyl Guthion 35W 0.75 lb 2.125 lb $11.26 1

diazinon Diazinon 50W 2.0 lb 4.0 lb $18.50 i
dimethoate Dimethoate 2.67 EC 1.0 lb 3.0 pt $8.35 1

malathion ULV Malathion 8
peach tree borer

endosulfan Thiodan 50W
obliquebanded leafroller

1.0 lb

0.5 lb/i 00 gal

i.Opt

1.0 lb/iOO gal

$4.06

$14.40

3-6

2

B. t. Javelin
shothole borer

lindane Gamamene

2.0 lb

0.75 lb

2.0 lb

1.5 pt/a

$20.10 1

1

Preharvest
brown rot

iprodione Rovral 50W
bing cherry plant growth regulator

gibberellic acid Pro-gibb

1.0 lb 2.0 lb/a

i.0--3.Opt

$48.20 1

1

Postharvest
tentiform leafminer

diflubenzuron Dimilin 25 W
bacterial canker

copper Kocide DF
cherry fruit fly storage fumigation

methyl bromide Methyl Bromide

0.5--i .0 lb

8--i 2 lb

space treatment

0.5--i .0 lb

8--i2lb

$28.99

$38.50

1

1

i



Application Treatments/Retreatments
Method Comments

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

directed basal spray

orchard blast sprayer

directed spray

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

space fumigation treatment

Percentage Acres Pounds

3% 380 390
1% 190 21

20% 2,200 10,300

18% 2,000 190
3% 380 390

86% 9,700 66,700
8% 930 210

3% 380 390
70/1 /0 740 92
6% 640 180
5% 560 2,600

8% 930 5,700
13% 1,500 1,100

8% 840 1,700
7% 740 1,500

110% 12,300 11,200
359% 42,000 26,800

9% 1,000 660

150% 16,800 26,800

1% 190 250

36% 4,000 4,000

48% 5,400 480

6% 670 140

27% 3,000 29,800

8,000
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Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost(Acre Treatments

Site Preparation
tree hole (replant)

metam-sodium Soil Prep 30--laO gal

Fall
bacterial blight, pseudomonas

copper hydroxide Kocide DF 8--i 2 lb 8--i 2 lb $38.50

Vegetation Management
tree row, banded treatment in new plantings

oryzalin Surfian AS 1 .0--3.0 lb 2.0--6.0 qt $27.57 1

paraquat Gramoxone Extra
broadleaf weeds in alleyway

2,4-D amine Envy, Dacamine

0.63 lb

1.0 lb

1.0 qt

1.0 qt

$8.04

$7.93

1

1

tree row in established plantings broadcast treatment
glyphosate Roundup 1 .25--5.0 lb 1 .25--5.0 qt $10.42 1

oryzalin Surilan AS 1 .0--3.0 lb 2.0--6.0 pt $27.57 1

oxytluorfen Goal 1 .6E 0.6 lb 3.0 pt $6.73 1

paraquat Gramoxone Extra 0.75 lb 1.25 qt $10.05 1



Application Treatments/Retreatments
Method

soil fumigation

orchard blast sprayer

band treatment
band treatment

band treatment

band treatment
band treatment
band treatment
bandtreatment

CommentsPercentage Acres Pounds

1% 70 11,200

70/I /0 20,400

6% 600 180
5% 500 200

48% 4,800 3,300

60% 6,700 2,000
48% 5,400 1,600
50% 6,800 3,700
12% 1,300 380



Sour Cherries

72

Acres: 1,600 acres Production: 1,400 lb
Yield: 1.2 tons/acre Value: $426,000

Cultural Method] Rate Rate Treatment Number of
Common Name Trade Name Active Formulated CostlAcre Treatments

Dormant & Delayed Dormant
bacterial canker

copper Kocide DF
scale

oil Supremeoil

12 lb

121b

12 lb

2.Ogal

$51.00

$23.20

1

1

Popcorn
brown rot

benomyl Benlate 50W 1.0 lb 2.0 lb $34.00 1

dodine Syllit 65W 1.3 lb 2.0 lb $18.50 1

sulfur Sulfur DF 4.0--5.0 lb 4.0--5.0 lb $4.65 1

tebuconazole Elite 45DF 0.25 lb 8.0 oz 1

Full Bloom
brown rot

dodine Syllit 65W 1.3 lb 2.0 lb $18.50 1

fenbuconazole lndar75WSP 0.9 lb 2.0 oz 1

sulfur Sulfur DF 4.0--5.0 lb 4.0--5.0 lb $4.65 1

triforine Funginexl.6E 0.4lb 1.Oqt $10.25 1

Cover Sprays
cherry fruit fly

carbaryl Sevin8OW 2.0 lb 2.5 lb $7.75 1-2

diazinon Diazinon 50W 1.0 lb 2.0 lb $9.30 1

dimethoate Dimethoate 2.67 EC 0.83 lb 2.5 p1 $33.39 1

malathion Malathion 8E
brown rot, leaf spot

sulfur Sulfur DF

1.0 lb

4.0--5.0 lb

1.0 p1

4.0--5.0 lb

$4.06

$4.65

3-6

2-3

dodine Syllit 65W 1.3 lb 2.0 lb $18.50 2

mycobutanil Rally 40W 0.06--0.151b 2.5--6.Ooz $27.50 1

Vegetation Management
tree row, banded treatment

glyphosate Roundup 1.0 lb 1.0 qt $10.42 1

paraquat Gramoxone Extra 0.94 lb 1.5 qt $13.00 1

simazine Princep 80W 2.0--4.0 lb 2.5--5.0 lb $3.25 1



Application Treatments/Retreatments
Method Comments

orchard blast sprayer

orchard blast sprayer

orchard blastsprayer
orchard blastsprayer
orchard blastsprayer
orchard blast sprayer

orchard blastsprayer
orchard blast sprayer
orchard blastsprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blastsprayer
orchard blast sprayer

band treatment
band treatment
band treatment

Percentage Acres Pounds

100% 1,600 18,000

100% 1,600 2,500

5% 80 80
40% 640 870
20% 325 1,600
25% 410 110

40% 640 670
25% 410 40
60% 970 4,500
35% 560 320

10% 160 320
50% 800 840
80% 1,300 1,100
50% 800 840

80% 1,300 5,800
35% 560 760
28% 450 110

10% 160 60
26% 420 110

22% 350 470



Prunes and Plums
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Acres: 2,380acres Production: 2,l9Oton
Yield: 0.9 ton/acre Value: $578,000

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

Dormant & Delayed Dormant
coryneum blight, bacterial blight

chiorothalonil Bravo 720 1.5--2.5Ib 3.0--5.0 pt $28.38 1

copper hydroxide Kocide DF 8.0 lb 8.0 lb $34.00 1

San Jose scale, European red mite eggs, aphids, leafrollers, lecanium scale
chlorpyrifos Lorsban 4E 2.0 lb 4.0 pt $28.00 1

oil Supreme oil 24 lb 4.0 gal $23.20 1

Popcorn to Full Bloom
brown rot blossom blight

benomyl Ben late 50W i.5--2.0 lb 3.0--4.Olb $51.00 2

iprodione Rovral SOW 0.25--0.5 lb 0.5--i .0 lb $18.08 1

Cover Sprays
leafhoppers, leafrollers

methyl parathion Penncap-M
peach tree borer

endosulfan Thiodan 50W
leaf spot

sulfur Sulfur DF

3.0 lb

2.0 lb

2Olb

6.Oqt

4.0 lb

20 lb

$10.97

$28.80

$21.00

1

1

2-3
benomyl Benlate SOW 1.5--2.Olb 3.0--4.0 lb $51.00 2

Fall
coryneum blight, bacterial blight

copper hydroxide Kocide DF 8.0 lb 8.0 lb $34.00 1

Vegetation Management
alleyway, banded treatment

2,4-D amine Dacamine
tree row, banded treatment

glyphosate Roundup

i.Olb

i.Olb

i.Oqt

1.Oqt

$7.93

$10.42

1

1

paraquat Gramoxone Extra O.625--0.94 lb 1.0--i .5 qt $10.05 1

simazine Princep 80W 2.0--4.Olb 2.5--5.Olb $3.25



Application Treatments/Retreatments
Method Percentage Acres Pounds Comments

orchard blast sprayer
orchard blast sprayer

orchard blastsprayer
orchard blastsprayer

orchard blast sprayer
orchard blast sprayer

orchard blastsprayer

orchard blast sprayer

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

band treatment

bandtreatment
band treatment
band treatment

38% 910 2,300
83% 1,970 13,000

2% 50 400
24% 570 26,900

89% 2,100 12,600
49% 1,175 1,700

1% 20 30

1% 35 70

90% 2,200 99,600
20% 470 3,100

1% 25 200

25% 590 850

2% 50 20
32% 750 880
30% 700 1,600



Peaches
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Acres: 1,200 acres Production: 212,000 boxes
Yield: 174 boxes/acre Value: $3,467,000

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

Dormant & Delayed Dormant
peach leaf curl

calcium polysulfide Lime Sulfur Spray 321b 10 gal $45.00 3

chiorothalonil Bravo 720 2.25--3.Olb 4.5--6.0 pt $35.47 3
ziram Ziram 76WDG 2.25--4.5 lb 3.0--6.Olb $13.37 1

Pseudomonas
copper Kocide 101 8.0 lb/a 8.0 lb $34.00 2

Prepink
brown rot

iprodione Rovral 50W 1.Olb 2.Olb $48.20 3
propiconazole Orbit 0.25--0.5 lb 0.5--i .0 lb 1

vinclozolin Ronilan 50W 1.Olb 2.Olb $44.60 2
ziram Ziram 76WDG 4.5 lb 6.0 lb $17.82 1

Petal Fall
thrips

endosulfan Thiodan 50W 2.0--2.5 lb 4.0--5.0 lb $32.40 1

Cover Sprays
Pseudomonas, leafspot

copper hydroxide Kocide 101
peach twig borer, earwigs

endosulfan Thiodan 50W

12 lb

2.0--2.51b

12 lb

4.0--5.0 lb

$51.00

$32.40

1

1

diazinon Diazinon 50W 2.0 lb 4.0 lb $18.60 1

phosmet lmidan50W 2.0--3.0 lb 4.0--6.Olb $17.25 1

Vegetation Management
alleyway, banded treatment

2,4-D amine Dacamine
tree row, banded treatment

glyphosate Roundup

1.0 lb

1.0 lb

1.Oqt

1.Oqt

$7.93

$10.42

1

1

simazine Princep 80W 2.0--4.0 lb 2.5--5.0 lb $3.25 1



Application Treatments/Retreatments
Method Comments

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blastsprayer
orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blast sprayer
orchard blast sprayer

band treatment

band treatment
band treatment

Percentage Acres Pounds

27% 330 9,100
63% 760 4,500
18% 210 1,100

90% 1,100 18,600

25% 310 400
41% 490 280
5% 60 80

18% 210 1,200

23% 270 650

55% 650 9,700

26% 320 630
55% 650 200
27% 330 1,000

25% 290 320

63% 760 280
20% 230 400



Hazelnuts
Acres: 27,960 acres Production: 21,585,000 lb
Yield: 1,540 lb/acre Value: $18,126,000

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated CosI!Acre Treatments

February and March
eastern filbert blight, bacterial blight

chiorothalonil Bravo 720 1 .5 lb 3.0 pt $21.28 1

copper hydroxide Champ, Kocide 12-l6lb 12--161b $51.00 1

April and May
filbert leafroller, obliquebanded leafroller, filbert aphid, winter moth, omniverous leaftier--young trees

azinphos-methyl Guthion 35W 1.0 lb 3.0 lb $15.90 1

chlorpyrifos Lorsban 4E 1 .5--2.0 lb 3.0--4.0 pt $24.50 1

big bud mite
endosulfan Thiodan 50W 1.5 lb 3.0 lb $21.60 1

May and June
obliquebanded leafroller

chlorpyrifos Lorsban 4E 1 .5--2.0 lb 3.0--4.0 pt $24.50

August and September
obliquebanded leafroller

chiorpyrifos Lorsban 4E
filbertworm

esfenvalerate Asana XL

1 .5--2.0 lb 3.0--4.0 pt $24.50 1

0.05--0.08 lb 10--i 6 oz $29.25 1

Spring
eastern filbert blight, bacterial blight

chlorothalonil Bravo 720 1.75 lb 3.5 pt $24.83 1

copper hydroxide Champ, Kocide 12--161b 12--161b $51.00 1

Vegetation Management
sucker control, banded treatment

2,4-D amine Dacamine 1.0 lb 1.0 qt $7.93 1

paraquat Gramoxone Extra 6.25--0.94 lb 2.0--3.0 pt $10.05 1

broadcast treatment for weeds including wild garlic
glyphosate Roundup 1.0 lb 1.0 qt $10.42 1

nortlurazon Solicam 80W 1 .6--3.2 lb 2.0--4.0 lb $4.58 1

simazine Princep 80W 1 .6--32 lb 2.0--4.0 lb $3.25 1

78

July and August
filbertworm

esfenvalerate AsanaXL 0.05--0.081b 10--l6oz $29.25 1

Leaf Drop and February
bacterial blight

copper hydroxide Champ, Kocide 12--i6lb 12--l6lb $51.00 1



Application Treatments/Retreatments
Method Comments

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer
orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer

orchard blast sprayer
orchard blast sprayer

basal tree spray
basal tree spray

band sprayintree row
band spray in tree row
band spray in tree row

Percentage Acres Pounds

29% 8,000 23,000
12% 3,500 12,000

10% 2,800 2,900
33% 9,200 14,300

8% 2,300 3,400

5% 1,400 4,900

60% 16,800 1,200

5% 1,200 2,000

65% 18,300 1,200

29% 8,000 27,900

5% 1,200 2,000
65% 18,300 1,200

12% 3,400 2,100
37% 10,300 2,700

25% 6,900 2,100
12% 3,400 2,500
70% 19,600 13,600



Walnuts

80

Acres: 1,330 acres

Cultural Method! Rate Rate Treatment Number of
Common Name Trade Name Active Formulated Cost/Acre Treatments

April to June
walnut blight

copper hydroxide Champ, Kocide 8--12 lb 8--12 lb $42.50 2

July to September
walnut aphid

diazinon Diazinon 50W 1 .0 lb 2.0 lb $9.30

All Season
gray diggers, gophers

zinc phosphide ZP Rodent Bait 2.0--3.0 lb $4.32 4

July to September
walnut husk fly

esfenvalerate Asana XL 0.05--0.09 lb 10--i 6 oz $29.25 3
malathion Malathion 4E 4.0 lb 4.0 pt $16.25 3

Vegetation Management
broadleaf weeds in alleyway, banded treatment

2,4-D amine Envy
sucker control in tree row, banded treatment

glyphosate Roundup

1.0 lb

1.0 lb

1.0 qt

1.0 qt

$7.93

$10.42

1

1

paraquat Gramoxone Extra 0.625--0.94 lb 2.0--3.0 pt $10.05 1



Application Treatments/Retreatments
Method

orchard blast sprayer

orchard blast sprayer

bait treatments

orchard blast sprayer
orchard blast sprayer

banded in aisles

banded intree row
banded in tree row

Percentage Acres Pounds Comments

37% 490 4,900

14% 190 410

5% 60

32% 490 60
30% 400 980

5% 70 60

23% 310 100
30% 400 270
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