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PREFACE 


This report is a joint project of the U. S. Department of Agriculture, the 
State Land-Grant Universities, and the U. S. Environmental Protection Agency, and 
is the fifth in a series of reports recently prepared by a team of scientists from 
these organizations in order to provide sound, current scientific information on 
the benefits of, and exposure to, amitraz. 

The ,"eport is a scientific presentation to be used in connection with other data 
as a. portion of the total body of knowledge in a final benefit/risk assessment under 
the Rebuttable Presumption Against Registration Process in connection with the 
Federal Insecticide, Fungicide, and Rodenticide Act. 

This report is a slightly edited version of the report submitted to the 
Environmental Protection Agency on August 11, 1978. The editing has been limited 
in order to maintain the accuracy of the information in the original report. 

Sincere appreciation is extende.d to the Assessment Team Members and to all 
.others who gave so generously of their time in the development of information and 
j.n the preparation of the report. 
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U. S. Environmental Protection Agency 
Washington, D. C. 
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80th trade names and common names are used for pesticides throughout this 
report. Trade names were frequently chosen because they provide mor'e specific infor
mation regarding formulations and manufacture of materials. The pesticide names in 
this report are listed below by their trade names, common names, and chemical names: 

Trade Name Common Name Chemical Name 

Acaraben® chlorobenz i late ethyl 4 ,41-dich!orobenz Hate 

Acaralate® chloropropylate isopropyl 1-l,41-dichlorobenzilate 

BAAM® amitraz N'- (2,4-dimethylphenyl)-~-[ [(2 ,4-dimethyl= 
phenyl) imino] methyl] -N-methylmethanimidamide 

Carzol® SP formetanate m- [[ (dimeth ylamino) methylene] amino] phenyl 
hydrochloride methylcarbamate hydrochloride 

Cygon® dimethoate 0, a-dimethyl S- (N-methylcarbamoylmethyl) 
phosphorodithioate 

Delnav® dioxathion 2,3-E.-dioxanedithiol 5, S-bis(Q, O-diethylphos= 
phorodithioate) 

Diazinon® diazinon O,O-diethyl O-C2-isopropyl-4-methyl-4-pyrimidin= 
yl)-phosphorothioate 

Dikar® mixture dinocap + 2-( l-methylheptyl )-4 ,6-dinitrophenyl crotonate 
zinc ion-maneb (commercial product is a reaction mixture con
complex taining several isomers) + coordination product 

of zinc ion and manganous ethylenebis[dithio= 
carbamate] 

Dimecron® phosphamidon 2-chloro-2-( diethylcarbamoyl) -l-methylvinyl 
dimethyl phosphate 

Dithane® M-45 
Manzate® 200 

zinc ion-maneb 
complex 

coordination product of zinc ion and manganous 
ethylenebis [dithiocarbamate] 

Dithane® Z-78 zineb zinc ethylenebis [dithiocarbamate] 

Fundal® chlordimeform N'- (4-chloro-~-tolyl )-N, N-dimethylformamidine 
Galecron® 

Guthion® azinphosmethyl 	 0, O-dimeth yl S- [( 4-oxo-l, 2, 3-benzotriaz in-3 (4H)
yl }methyl] phosphorodithioate -

Imidan® phosmet 	 O,O-dimethyl phosphorodithioate S-ester with 
~-fmercaptomethyl) phthal imide 

Karathane® dinocap 	 2-( l-methylheptyl )-4, 6-dinitrophenyl croton ate 
(commercial proddct is a reaction mixture 
containing several isomers) 

Kelthane® dicofol 	 4 ,41-dichloro-a-( trichloromethyl) benzhydrol 
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l.annate® 

Malathion® 

Marlate® 

Morestan® 

Morocide® 

Ni.alate® 

Nifos® 

Omite® 

Parathion® 

Perthane® 

Plictran® 

Pydrin® 

Pyrenone® 

Sevin® 

Systox® 

Tedion® 

Thiodan® 

Toxaphene® 

Trithion® 

Vendex® 

Volck® Supreme 

Zolone® 

methomyl 

malathion 

methoxychlor 

oxythioquinox 

binapacryl 

ethion 

tepp 

propargite 

parathion 

ethylan 

cyhexatin 

fenvalerate 

None 

carbaryl 

demeton 

tetradifon 

endosulfan 

toxaphene 

carbophenothion 

fenbutatin-oxide 

petroleum oil 

phosalone 

S-methyl N-[ (methylcarbc::moyl)oxy] thioacetimi= 
date 

0, O-dimethyl phosphorodithioate of diethyl 
mercapt05uccinate 

1,1, l-trichloro-2, 2--bis (E-methoxyphenyl)ethane 

cyclic S, 5-( 6-methyl-2, 3-quinoxalinediyl) 
dithiocarbonate 

2-sec-butyl-4,6-dinitrophenyl 3-methyl-2
butenoate 


O,O,OI,OI-tetraethyl ~,SI-methyl.ene bis(phos= 

phorodithioate) 


tetraethyl pyrophosphate 

2-(.E.-tert-butylphenoxy) cyclohexyl 2-propynyl 
sulfite 

Q, O-diethyl O-(.E.-nitrophenyl) phosphorothioate 

1, l-dichloro-2, 2-bis (.E.-ethylphenyl) ethane 

tricyclohexylhydroxystannane 

cyano(3-phenoxyphenyl)methyl 4-chloro-alpha
(l-methylethyl) benzeneacetate 

pyrethrins + piperonal butoxide 

1-naphthyl methylcarbamate 

O,O-diethyl Oland S)-[2-(ethylthio)ethyl] 
phosphorothioates 

4-chlorophenyl 2,4,5-trichlorophenyl sulfone 

6,7,8,9, 10, 10-hexachloro-l,5,5a,6,9,9a-hexahy= 
dro-6, 9-methano-2,4, 3-benzodioxathiepin 3-oxide 

chlorinated camphene containing 67-69 percent 
chlorine 

S- [[ (.E.-chlorophenyl)thio] methyl] 0, O-diethyl 
phosphorodithioate 

hexak is (2-methyl-2-phenylpropyl) distannoxane 

petroleum oil 

0, O-dieth yl 5- [ (6-ch loro-2-oxobenzoxazol in-3
yl) methyl] phosphorodithioate 
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SUMMARY 


Amitraz is the sole effective material that is currently 
under consideration for registration for use as a summer 
control of pear psylla in pear orchards. 

Amitraz is a replacement for chlordimeform, which was 
voluntarily removed from the market by the manufacturers in 
1976~ A number of other insecticides have been applied in 
the absence of chlordimeform for summmer control of pear 
psylla, out these insecticides are only partially effective 
at best. 

Field tests were conducted on control of pear psylla, 
Psylla pyricola Foerster, on pear in 1977 at Hood River and 
Medford, Oregon; Wenatchee, Washington; and Hopeland, 
California. The amitraz programs cost more than standard 
programs, but gave contt"ol superior to that of the standard 
program in Wenatchee and Medford. Control with amitraz at all 
locations would have been much better if the material had been 
available at the proper time and if seasonal conditions were 
more nearly normal. All residues on fruit were below the 3.0 
p/m allowable level. Human exposure studies did not indicate 
unusual exposures. 

The lack of an effective summer control, such as amitraz, 
for use on pear orchards to control pear psylla would have 
cost western pear growers $3.7 million in production and 
downgrading losses in 1977. At the end of the fourth year 
without an effective summer control such as amitraz, the 
value of reduced production and lower quality of pears 
would total $35.6 million. Added cost of using amitraz 
versus alternative less effective insecticides in 1977 was 
estimated to be $740,600. Cumulative net grower level losses 
for 1978-1981, discounted to a 1977 base, are expected to be 
$33.1 million. 

The lack of an effective summer control for pear psylla, 
such as amitraz, would decrease average per-acre r~turns to 
land, fixed capital, and management from $330 to $276 for all 
pears in the first year. After 5 years, average per-acre 
returns to land, fixed capital, and management for all pears 
would be $89 per acre. Losses of this magnitude would lead to 
higher retail prices for pears, and eventually could cause many 
pear orchards to be uprooted. These impacts were derived 
assuming ceteris paribus conditions with respect to price and 
production levels. 
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If amitraz is registered, approximately 118,700 pounds 
would be applied for summer control. of pear psylla on 54,700 
acres of pears annually in the pear-growing areas east of the 
crest of the Cascade Mountains in Washington; the Willamette 
Valley, Hood River Valley, and Rogue River Valley in Oregon; 
and in northern California. 

Commercial applications of amitraz on pears in 1978 were 
very effective, and the available supply was sold. Without 
amitraz or a similar material for summer control of pear 
psylla, the United States pear industry is threatened. 

If amitraz had been available for general use by domestic 
appie growers In 1978, as much as 44,000 pounds active 
ingredient would have been applied for control of mite pests of 
apples, particularly the European red mite (Panonychus ulmi 
(Koch». Up to 52,000 acres of apples in the Eastern and 
NorthCentral States would have been treated with amitraz, 
representing about 10 percent of total U.S. acreage. In the 
short term, up to 12 percent of U.S. apples intended for the 
fresh market, and up to 8 percent intended for the process 
market, would be treated with amitraz. 

The major benefit derived from the use of amitraz on 
apples concerns the avoidance or minimization of the continuing 
problem of pest resistance to available chemical pesticides. 
Amitraz is likely to be used by those apple growers 
experiencing difficulty in controlling mites with currently 
registered miticides and/or by growers interested in 
introducing a new material into their spray programs (to be 
rotated with other miticides) to minimize the development of 
mite resistance. In addition, amitraz provides some 
suppression of certain insect pests of apples, a factor which 
would also stimulate a certain amount of use. 

At current prices, however, growers usingamitraz would 
experience treatment cost increases of about $8 per acre, or 
$287 for the average orchard; this would increase annual 
production costs by about 1 percent. The increase in cost of 
control for the maximum number of growers (about 1,400) who 
would have been expected to use amitraz would have approximated 
$410,000 for 1978. Inasmuch as no overall changes i.n apple 
production or quality are expected to occur due to the use of 
amitraz (at least in the foreseeable future), these cost 
impacts would be absorbed by growers. No consumer impacts are 
anticipated. 

Keywords: 	amitraz, pear psylla control, pears, apples, apple 
mite control, insecticides, miticides, RPAR, 
alternatives to amitraz, pesticide registration, 
crop losses, environmental exposure, economic 
impact, human exposure. 

vii 



CONTENTS 


0 0 0 0 • 0 0INTRODUCTION . . . . . . . . . . . . 
Characteristics of Amitraz 20 

CHAPTER 1: BIOLOGICAL, ENVIRONMENTAL, AND CHEMICAL ASSESSMENT 
OF AMITRAZ USE ON PEARS 20 0 0 0 0 0 0 0 0 

Importance of Amitraz in Pear Psylla Control 2 

Biological Effectiveness 40 0 0 

Wenatchee, Washington 40 

Hood River, Oregon 40 0 • 

Medford, Oregon. 40 

Hopeland, California 120 0 0 0 0 0 o 

Availability of Amitraz 13o 0 

Res.idue Studies 140 0 0 • o 

Calculations for the Determination of Amitraz Residues 
in Pear Samples 140 0 0 0 0 0 0 0 0 o 

Analytical Method for Amitraz Residues 200 o 0 0 

Fate in the Environment 220 0 0 0 0 0 0 0 o 

Analysis of Samples 220 0 0 0 0 0 0 0 o 

Analysis of Occupational Exposure Samples o 0 230 0.0 0 0 0 0 0 

Respiratory Exposure 240 0 0 0 0 0 0 0 0 0 0 o 

Analysis of Air Samples 240 00 0 0 0 0 0 0 0 0 0 0 o 

Analysis of Dislodgable and Nondislodgable Amitraz 
Residues from Pear Foliage 0 24• 0 0 0 0 0 0 0 • 0 0 0 0 o 0 

Alcohol Hand Rinses 240 0 0 0 0 0 •• 0 0 0 0 0 0 0 o 

CHAPTER 2: ECONOMIC IMPLICATIONS OF AMITRAZ USE ON PEARS 250 o 0 

Methodology and Assumptions 250 0 • 0 0 0 • 0 0 • 0 0 0 o 0 

Areas of Potential Use and Recommended Use Practices 25 


Estimated Use of Amitraz . . . . . . . . . 27 


o 0 

o 0 

Estimated Cost of Amitraz and Alternatives 28o 

0 ••• ,e ••••• It •••••••User Impacts • o 0 • • 0 32 

0 • 0 0 0 0Calculations Used in Estimating Economic Impacts • • 35 
Bartlett Pears in Growing Areas of Medford, Oregon • • 35 
Winter Pears in Growing Areas of Medford, Oregon • 39o 0 • • • 

vi i i 



User Impacts 

Calculations Used in Estimating Economic Impacts (continued) 


Bartlett Pe.ars in Growing Areas of Hood River., Oregon • • • 41 

Winter Pears in Growing Areas of Hood River, Oregon. • • • 42 

Bartlett Pears in Growing Areas of Washington 
 • 42 
Winter Pears in Growing Areas of Washington • • 46 

Bartlett Pears ·in Growing Areas of California • 49 


oWinter Pears in Growing Areas of California. 50 


Average Per-Acre User Returns •• 	0 • • 51
•• 

Growing Areas of Hood River, Oregon • • 51 

Growing Areas of Medford, Oregon. • • • 51 


oGrowing Areas of Washington. 54 

Growing Areas of California 
 • 54 

Market and Consumer Impacts 	0 57
• • o 

CHAPTER 3: BENEFIT ANALYSIS OF AMITRAZ USE ON APPLES 	 62 


Introduction 
 • 62 

Current Use Analysis 
0 	 • • • • • • 62 

EPA Registrations of Amitraz and Alternatives • • 62 

State Registrations of Amitraz and Alternatives •••• 
 • 64 

Recommendations for Use of Amitraz and Alternatives •••• 
 • 64 

State Recommendations 640 0 0 • 0 0 o 0 0 0 

Federal Guidelines 	 640 0 0 0 0 0 0 0 

Use of Amitraz and Currently Registered Miticides 	 64o 

0Amitraz . .. . . . . . . . . . . . . • • • 64 

C!,;~rrently Registered Miticides o 0 68
0 

Performance Evaluation of Amitraz and Alternatives 	 0 68
• 0 • • 0 0 • • • 0 

Pest 	Infestation and Damage • . • • . . 68 

European Red Mite 68 


0 •••• 0 ••••• 0 •• 0 o 0Apple Rust Mite 72 

Two-Spotted Spider Mite 
 • 73 


Comparative Performance Evaluation 0 74
• • • • • • /. • • 0 	 o 

Comparative Yield/Quality 	 75
0 0 0 0 0 • 0 

Compar~tive Costs • 	
• 0 75
0 0 0 • 0 0 0 0 • 

Economic Impact Analysis 0 0 00 0 0 0 0 0 0 	 .• 0 
 • 76 
Profi Ie of Impact Areas • 0 0 0 0 0 0 0 
 • 76 

U s~er Impacts •••••• • • • • • • • • c o 76
• 

Industry, Market, and Consumer Impacts 77 
Limitations of the Analysis 77 

o 0 

0 • 0 0 0 0 0 	 o • 0 

REFERENCES 	 78
• • • • • • • • • • • • • • • • ,e • • • • • • G • • • • • • • • 

Issued February 1981 

ix 



INTRODUCTION 


The purpose of this report is to 
develop biological, exposure, and 
economic information related to the uses 
of amitraz. 

The report was prepared to evaluate 
the benefits and risks of using amitraz 
to control pear psylla (Psylla pyricola 
Foerster) on pears, and European red 
mite (Panonychus ulmi (Koch), rust mite 
(Aculus schlechtendali (Nalepa)), and 
two-spotted spider mite (Tetranychus 
urticae Koch) on apples. A draft report 
was submitted to the Environmental 
Protection Agency (EPA) on August 11, 
1978. 

In the Federal Register of April 6, 
1977, the Environmental Protection 
Agency published an announcement of the 
rebuttable presumption against regis
tration of pesticide products containing 
amitraz. The RPAR was triggered by 
questions on oncogenicity reported in a 
Boots Chemical Company study entitled 
BTS 27419: 80 Week carcinogenesis study 
in mice -- Final report by R. Burnett, 
and others, 1976. 

On April 13, 1977, the Environ
mental Protection Agency issued specific 
exemptions, pursuant to the regulations 
of Section 18 of the Fede.ral Insecti 
cide, Fungicide, and Rodenticide Act, as 
amended, allowing the use of amitraz 
(BAAM®), to control pear psylla in pear 
orchards in certain areas of Oregon and 
Washington. The areas included pear
growing are.as east of the crest of the 
Cascade Mountains in Washington and the 
Willamette Valley, Hood River Valley, 
and Rogue River Valley in Oregon. These 
exemptions were limited to preharvest 
appiications of a.mitraz, and expired on 
October 30, 1977. 

Specific exemptions, pursuant to 
the regulations of Section 18 of the 
Federal Insectic.ide, Fungicide, and 
Rodenticide Act, as amended, were also 
issued, allowing the use of amitraz. to 

control pear psylla in pear orchards in 
California during the fall of 1977 and 
winter of 1977-78. In California, 
however, use of amitraz was restricted 
to postharvest and prebloom application 
which, in practice, greatly reduced the 
use of amitraz, because oils and other 
less costly mater'ials could be used 
effectively in the winter. 

The exemption for amitraL was 
prompted by the voluntary withdrawal of 
chlordimeform (Galecron® and Fundal®) 
from the market in 1976. The withdrawal 
of these insecticides left pear growers 
with no effective summer control for 
pear psylla. Limited carryover stocks 
of chlordimeform were used in 1977, 
however, which resulted in lower-than
expected use of amitraz. Use of amitraz 
was also reduced by delivery problems 
experienced by the supplier. Supplies 
of amitraz did not reach growers until 
mid-June, which was well into the 
insect-control season. Announcements by 
certain processors that amitraz-treated 
pears would not be accepted due to 
potential adverse public reactions based 
on health questions posed in the RPAR 
further reduced the use of amitraz in 
1977. 

Because amitraz was an unregistered 
insecticide in the Uni ted States, only 
limHed risk, efficacy, cost, and 
benefit data were available. Therefore, 
test and control plots were established 
in the pear-growing areas of Wenatchee, 
Washington; Hood River and Medford, 
Oregon; and Mendocino County, Cali 
fornia, by research and extension 
service personnel. From the test and 
control plots, data on the cost of 
application, effectiveness in control
ling pear psylla, pear yield and 
quality, and amitraz residues were 
collected for the 1977 season. Data 
from the test and control plots for 
1977, and professional judgment of the 
agricultural specialists in the respec
tive pear-growing areas as to the 
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efficacy of alternative insect-control 
programs for 1978 through 1981, form the 
basis of the economic analysis. 

Characteristics of Amitraz 

1. Nomenclature: Amitraz is the 
common name for the chemical N'- (2,4
dimethylphenyl )-N-[ [(2,4-dimethylPhenyl) 
imino] methyl] -N- methylmethanimidamid€.l. 
Amitraz is an- insecticide-acaricide of 
the formamidine class of pesticides, 
which is produced by the Boots Company, 
Ltd, Nottingham, England. The Upjohn 
Company has contracted with Ooots for 
the marketing rights to amitraz in the 
United States and has applied for EPA 
registration on apples and pears. 
Experimentally, amitraz is known as 
Triazid®, U-36059, BTS 27419, RD 27419, 

ENT 27967, Mitac® 20, or JA-119. The 
formulated product for which registra
tion with EPA is pending is BAAM® EC 
(1.5 Ib/gal or 19.8 pct). 

2. Chemistry: Technical grade 
amitraz is a white, crystalline solid 
with a melting point of 86-87°C. It 
is soluble in common organic solvents 
and only slightly soluble in water. 
The molecular weight is 293, and the 
molecular formula is C19H23N3" 
The structural formula is: 

CHAPTER 1 


BIOLOG!CAL, ENVIRONMENTAL, AND CHEMICAL ASSESSMENT 

OF AMITRAZ 

Importance of Amitraz in Pear 

Psylla Control 


Pear psylla (Psylla pyricola 
Foerst~r) occurs in most of the pear
growing areas (over 91,000 acres) in the 
United States and is one of the most 
serious and difficult pests to control 
on pears. This aph:d-like insect over
winters as an adult under the bark of 
pear trees and emerges in the spring to 
deposit eggs on the bark and the buds 
of the host tr.ee. Eggs hatch in 2 weeks 
to 1 month, producing nymphs that suck 
the sap from buds, blossoms, leaves, 
shoots, and fruit. Nymphs reach matur
ity in about 1 month, passing through 5 
instars. Three to 5 generations will 
infest an orchard. during a typical 
season. 

Uncontrolled populations of the 
pear psylla cause fruit russet, which 
lowers the qual ity of both processed and 
fresh market fruit. Pear psylla has 
also been implicated as contributing to 
pear decline. The condition known as 
pear decline takes pear trees out of 
production over a short period of time 

USE ON PEARS 

and causes the trees to wilt suddenly 
and die under conditions of low moisture 
(inadequate rainfall, summer drought, 
and so forth). Healthy trees normally 
would be affected by a temporary lack of 
avai!able soil moisture, but trees with 
pear decline would be adversely affected 
by even a temporary denial of adequate 
soil moisture. 

During the past several growing 
seasons, Galecron® and Fundal® in SP 
and EC formulations have been used for 
pear psylla control, with good to excel
lent results. In many areas psylla is 
resistant to most of the registered 
organophosphates. Certain of the other 
alternatives have label restrictions 
regarding period of use, and some 
alternatives are effective against 
psylla only in certain stages of its 
life cycle. The limitations of the 
registered alternatives to amitraz are 
as follows: 

parathion: psylla-resistant in 
rros t areas 

diazinon: psylla-resistant in 
rros t areas 
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QJthion®: psylla-resistant in 
most areas 

Imidan®: psylla-resistant in 
most areas 

toxaphene: psylla-resistant in 
most areas 

Sevin®: ineffective 
oi I: phytotoxic if appl ied 

in sll11l1er 
Thiodan®: effective prebloom on 

overwintering arults; 
most effective at 
80°F range; some 
resistance 

~~nzate® 200, Dithane® ~4S: 
effective against 

1stand 2nd nynph 
i ns t ars on I Y ; 
requires reappli
cation at 7- to 
10-day intervals 

Perthane®: control s overwi nter ing 
adults only, and 
may no longer be 
avai lable 

Morestan®: label restriction; 
can be used only 
in prebloom sprays 
or after harvest 

In 1978, Section 18 of the Federal 
Insecticide, Fungicide, and Rodenticide 
Act (FIFRA) allowed Pydrin® to be used 
prebloom in Washington and Oregon. This 
material was very effective, but its 
effect on predators i~ not known. The 
main problem, therefore, is the unavail
ability of an effective insecticide that 
wi II control all stages of the pear 
psylla during the summer growing season. 

At the end of the 1977 growing 
seaSI>n, a 'Iarge number of orchards not 
treated with amitraz were heavily 
infe~;ted with psylla. Because psylla i~ 
difficult to control, there h85 also 
been a shift in sprily practices. The 
number of prebloom treatments has 
increased, which results in a greater 
per-acre use of pesticides. The need 
for amitraz will be even more critical 
if Perthane® and Dithane® M-4S are 
removed from the market. 

The long-range impact for higher 
pear psylla populations cannot be 

measured in one growing season. There 
was evidence of an increase in pear 
psylla carryover during the fall of 
1977, and concern that jf this increased 
population were not controlled, it could 
do severe tree damage in the following 
years. The pear psylla populations in 
Idaho have been kept at very low levels 
in recent years, but there was a heavy 
population in 1977. St<'lte entomologists 
feel that the loss of Galecron® and 
Fundal® was responsible for this 
population increase. 

Amitraz is relatively nontoxic to 
bees -- LDSO is 21 J,lg/bee (Class III). 
The general toxicity of amitraz to other 
beneficials is as follows: 

Predator Su sceptib ility 
or to 

Parasite Amitraz 

Green lace wings Low 

Parasitic wasps Low 

Campylomma Low 

Ladybird beetles Low 

Anthocorids Moderate 

Deraeocoris r...bderate 

Metaseiulus High 

With the exception of Metaseiulus, 
the primary predator to spider mites, 
amitraz is low in toxicity to most 
beneficials. 

When amitraz is used to control 
pear psylla, it will also give good 
control of motile forms of European red 
mite and, generally, pear rust mite. 
Unfortunately, all aspects of summer 
control of pear rust mite with amitraz 
are not known. Summer applications of 
amitraz have given good control of pear 
rust mite in California, Medford, Hood 
River, and Wenatchee. But, for unknown 
reasons, amitraz did hot provide satis
factory centrol .in the Yakima Valley 
during the 1976 season. Because of 
these variable results, orchards should 
be closely observed following amitraz 
applications; if rust mites are present, 
another miticide should be used. 
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Amitraz has a suppressive activity 
against spider mites. If applied before 
mites move up into the trees, amitraz 
will suppress or delay a spider mite 
infestation. Ami traz wi II control low 
populations of mites during the summer. 
If a moderate to heavy mite population 
is present when amitraz is applied, it 
wi II give partial, but generally insuf
ficient, control. Hence, another miti
cide should be used in combination with, 
or in addition to,amitraz in orchards 
with a history of spider mite problems. 

Low populations of codling moth, 
such as those generally occurring in the 
Hood River and Wenatchee areas, are 
controlled with amitraz. In the Yakima 
and Medford areas, amitraz may be used 
alone in either the first or second 
codling spray, but not in both. It is 
essent.ial that the third cover spray 
uti lize a codling moth material such as 
Guth ion® or I midan®. 

Amitraz is applied to pear foliage 
and fruit with airblast sprayers or 
handguns. Applications are made from 
ground equipment as dilute to concen
trate sprays. The dosage rate is 1.0 to 
1.5 Ib active ingredient per acre, with 
two appl ications per year. I f one 
additional application is needed, it may 
be applied within 7 days of harvest, 
with the harvested fruit having less 
than 3.0 p/m of amitraz. Amitraz is 
formulated as a 1.5 Ib/gallon EC (19.8 
pet a.i.) and is available in 5-gallon 
cans. Applicators should wear protec
tive clothing and masks. Agricultural 
workers should not re-enter any orchard 
sprayed with amitraz until the foliage 
is completely dry. 

There are no nonchemical progt'ams 
for controlling pear psylla. 

Biological Effectiveness 

During 1977, field tests were 
conducted in Washington, Oregon, and 
California to determine effectiveness of 
amitraz against pear psylla. Additional 
appl ications were sometimes made for 
maximum residue studies. Results were 
as follows: 

Wenatchee, Washington 

Tables 1 and 2 show the amitraz and 
standard spray programs for 'B artlett' 
and 'd'Anjou' pears at Wenatchee. There 
were less pear psylla and less pear 
psylla injury in the amitraz-treated 
plots than in the standard spray plots; 
however, there was some damage in all 
treatments. The general damage is 
accounted for by the late starting date 
of the program. There was some phyto
toxicity in both Bartlett and d'Anjou 
pears (Tables 1-4). 

Hood River, Oregon 

Tables 5, 6, and 7 show amitraz and 
standard spray programs for Bartlett and 
d'Anjou pears at Hood River. There was 
slightly more psylla in the standard 
treatments on d'Anjou pears than in the 
amitraz treatments in mid-August; how
ever, there was no difference at harvest 
time. There was some ring-type damage 
in one plot after the June application, 
but this in;ury had disappeared by har
vest. Tables 5, 6, and 7 show psylla 
counts and damage at three locations in 
Hood River, and Table 8 lists the cost 
of these app Iications • 

Medford, Oregon 

Table 9 shows the amitraz and 
standard spray program for 'Comice' and 
'Bosc' pears at Medford. Pear psylla 
populations are shown in Table 10. 
Posttreatment densi ty of immature 
psylla (eggs plus nymphs) averaged 
0.59/1eaf in the amitraz treatment and 
1.79/1eaf in the standard treatment. 
There was no difference between treat
ments in growth rate on the Comice 
variety (Table 11). Comice fruit from 
the standard treatment suffered severe 
downgrading due to pear psylla honeydew 
marking. Nearly 50 percent of the 
fruit was downgraded or culled from 
the standard treatment, compared with 
5 percent of the amitraz treatment. 
Downgrading of the Bosc variety was 11 
percent, compared with 1 percent of the 
amitraz treatment (Table 12). The 
amitraz program (:ost $75/acre, compared 
with $50 for the standard treatment. 



Table 1.--Pear psylla russet on fruits by visual examination; fruit quality by 
firmness and soluble solids in juice; and fruit growth by periodic measurement 
of individually tagged fruits. Wenatchee, Washington 

Bartlett -- 1/2-acre unreplicated block 
Treatment: I-Iandg.m sprays, 500 ga I Ions / acre 

Psylla russet damage 
Amount/ Number of fruits Percent Percent soluble Firmness 

_Ma...;......;;t..;;.e_r..;..,ia.;.;...;....1______..;..10"-0'---g"""a_I_I...;;;0..;..n;.;;;.s___ex;:,;....;..:am;;....;.;.;;i..;..,n;..;;..:.ed damage so lids (pounds) 

anitf"az 
1.5 Ib/gal EC 1/2 pt 676 41.4 12.5 21.81 
6/24 and 8il 

D i thane~ M-45 1/2 Ib 
6/24 

followed by 
oi thane~ M-45 + 1 1/2 Ib 685 81.38 12.3 22.93 
Th i odan® 50 pet W> 1 Ib 

8/2 
Fruit diameter in inches 

6/14 6/27 7/12 7/25 8/9-am!traz 	 x size 1.22 1.49 1.86 2.17 2.44 
p x 0.11 0.12 0.13 0.16 0.17 -o i thane~ ~.A-45 + x size 1. 18 1.45 1.80 2.06 2.29 

Thioda~ P x 0.11 0.12 0.13 0.16 0.17 

Table 2.--Pear psylla russet on 
firmness and soluble solids in 
of individually tagged fruits. 

d'Anjou 
Treatment: Ai rblast 

A!rount / 
Materi al 100 gallons 

anitraz 1.5 Ib/gal 	EC 1/2 pt 

Di thane® M-45 1 1/2 Ib 
Th ioda~ 50 pct Vi> 1 Ib 

ami traz 

Oi thane® M-45 + 
Thiodan~ 

amitraz 

o i thane~ M-45 + 
Thiodan~ 

fruits by visual examination; fruit quality by 
juice; and fruit growth by periodk measurement 

Wenatchee, Washington 

-- two 1/2-acre repl icates 
sprays, 400 gallons/acre - 7/7 and 8/19 

Ntnber of fru~ts Percent psylla russet damage 
Rep examined Harvest Treatment Increase 

1 1371 64.4 77 .0 -12 .6 
2 1069 79.9 47.0 32.9 
1 973 89.9 76.0 23.9 
2 1180 89.8 57.5 32.3 

Qual ity measurements 
pet so Iub I e so lids finmess ( Ib) 

1 	 12.7 13.03 
2 	 12.6 14.63 
1 	 11.6 12.68 
2 	 12.6 13.18 

Fruit diameter in inches 

- 7/8 7/19 8/2 8/1S 
x size 1.65 1.90 2.14 2.27 
p x - 0.11 0.14 0.16 0.19 

2 x si ze 1.82 2.05 2.06 2.47 
p x - 0.13 0.15 0.17 0.20 
x size 1.77 1.94 2.17 2.27 
P x- 0.14 0.17 0.20 0.22 

2 x size 1. 70 1.93 2.15 2.32 
p x 0.14 0.17 0.18 0.20 
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en Table 3.--Pear psylla control data. Wenatchee, Washington 

Plot layout: Unreplicated block 1/2 acre of Bartlett pears 

Treatment: Handgun sf :'"ay, 500 gallons/acre 

Evaluation: Adults per li'mb tap; nymphs per 10 terminals 


Nulber of Pear psy I I a 
Pos t treatment 

Material and !mount/ Pretreatment 6/27 7/6 7/18 8/3 8/17 
Spray date 100 gallons Mu Its N)flphs Mults Adults Nymphs Adults Nymphs AdJI ts Ad! Its Nynphs 

amitraz 1 1/2 pt 22 157 4.1 5.1 il2 35 288 1.9 0.52 19 
1.5Ib/gal EC 
6/24 and 8/2 

Oi thanee M-45 
6/24 1 1/2 Ib 

followed by 34 122 29.9 37.7 286 305 763 6.3 5.1 127 
Oi thanee M-45 + 1 1/2 Ib 
Thi odane 50 pct \iP 1 Ib 

8/2 

Table 4.--Pear psylla control data. Wenatchee, Washington 

Plot layout: Two 1/2-acre replicates of d'Anjou pears 

Treatment: Airblast sprays, 400 galions/acre 

Evaluation: Adults per limb tap; nymphs per 10 terminals 


~~er of Pear psylla 
Pretreatment Posttreatment 

Material and Amount/ 7/6 7/8 7/12 7/25 8/8 8/17 8/22 
Spray date 100 gal Ions Adults t~hs Adults Adults ~~hs Adults Nymphs Adults Nynphs Adults Adults Nymphs 

ami traz 1 1/2 pt 23.1 344.5 8.4 6.0 188 5.8 122.5 24.4 90.0 9.7 5.4 17.5 
1.5 Ib/gal EC 
7/7 and 8/19 

Oi thane® M-45 + 1 1/2 Ib 31.4 327 7.7 25.7 294 35.3 519.5 10.5 70.0 12.6 3.8 32.5 
Thiodan~ 50 pct WP 1 Ib 

7/7 and 8/19 



Table 5.--Amitraz vs. standard program air carrier dilute application on d'Anjou 
pears, 1977. Experiment station orchard, Hood River, Oregon 

Materials 

Amitraz Standard 
Date Material Rate! acre Material Rate/ acre 

2/11 Volck® oi I 4.0 gal Volck® oi I 4.0 gal 
3/22 Perthane® EC + 1.0 gal Perthane® EC + 1.0 gal 

Th i odan® EC + 3.3 qt Th i odan® EC + 3.3 qt 
Volck® oi I 8.0 gal Volck® oi I 8.0 gal 

4/6 rJores t an® \\P 5.0 Ib tvbres tan® \\P 5.0 Ib 
6/30 anitraz EC + 1.0 gal Imidan® \\P 6.0 Ib 

VendeX® 2.0 Ib Di thane® M-45 \\P + 8.0 Ib 
VendexGP 2.0 Ib 

8/1 ami traz EC 1.0 gal Th i odan® ~\P + 5.0 Ib 
Pyrenone® EC 12.0 oz 

8/20 P I i c t r an® \\P 1.5 Ib PI ictran® \\P 1.5 Ib 

Psyl la populations 

Adults/20 trays; shoots wi th eggs ; ruther of n~hs/12 shoots 

,Ami traz Standard 
Date Adul ts Wi th eggs NyYTphs AdJI ts Wi th eggs Nynphs 

6/16 0 0 0 0 
6/7.4 2 49 0 7 
6/30 1 21 1 47 
7/6 5 1 2 2 0 3 
7/13* 1 5 2 3 
7/20 8 1 9 11 1 4 
7/28 6 9 4 8 
8/5 37 9 6 62 3 13 
8/4 14 16 
8/8 7 5 21 2 8 9 
8/16 2 3 11 19 5 38 
8/29 4 15 3 89 
9/6 46 8 16 80 10 103 
9/13 7 78 9 73 
* Every other leaf counted after 7/6 

Damage 

Pear psylla damage to d'Anjou fruit at harvest 9/7/77 
Nurber pears graded for psyll a damage 

Treatment U.S. extra fancy U.S. No. 1 U.S. No. 2 Cull 

ami traz 1102 26 6 o 
Standard 1150 26 2 2 
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Table 6. --Amitraz vs. standard program air carrier dilute application on d'Anjou 
and Bartlett pears, 1977 • McCarty Orchard, Hood River, Oregon 

Materi al s 
Ani traz Standard 

Date Materi al Rate/acre Date Material Rate/acre 

2/18 Volck® oi I 4.0 gal 2/18 Volck® oi I 4.0 gal 
3/30 amitraz EC 1.0 gal 3/22 Perthane® EC + 1.0 gal 

Th i odan® EC + 3.3 qt 
Volck® oi I 8.0 gal 

4/11 Morestan® WP 5.0 Ib 4/11 rIores tan® 'Ml 5.0 Ib 
5/18 Imi darf'P \\P + 8.0 Ib 5/17 Imidan® WP + 8.0 Ib 

Manza te® 200 ~'.p 9.0 Ib Manzate® 200 'Ml 9.0 Ib 
7/19 crnitraz EC 1.0 gal 7/9 Imidan® 'Ml + 8.0 Ib 

Manzate® 200 V.p 9.0 Ib 
8/9 ami traz EC 1.0 gal 8/9 Th i odan® \W) + 5.0 Ib 

Pyrenone® 12.0 oz 

Psylla populations 
Adul ts/20 trays; spurs with eggs; number of n)'11Phs /12 shoots 

Ami traz Standard 
Date Mults Wi th eggs Nynphs Adu I ts Wi th eggs Nynphs 

3/15 495 
3/30 80 
4/6 4 6 1 
4/11 14 4 

? 34/26 0 0 1 
5/2 0 0 5 8 
5/10 0 0 0 0 
5/16 0 1 2 0 3 
5/23 0 1 2 4 
5/31 0 0 0 1 
6/6 19 0 0 19 6 0 
6/13 8 0 7 3 
6/20 8 25 7 29 
6/27 7 50 4 40 

Adults/20 trays; shoots with eggs; number of nymphs/12 shoots 
7/5 7 155 6 347 
7/11 5 1102 0 91 
7/18* 7 363 5 100 
7/22 51 156 
7/25 4 12 0 5 
8/1 29 7 19 132 7 3 
8/8 151 4 12 213 6 7 
8/15 15 7 8 26 9 70 
8/22 4 10 2 15 
8/29 7 9 5 90 
9/6 121 6 3 164 10 84 
9/12 10 14 11 117
* Every other leaf counted after 7/11 

Damage 
Pear psylla damage to d'Anjou fruit at harvest 9/7177 

Number pears graded for psylla damage 
Treatment U.S. extra fancy U.S. No. 1 U.S. No. 2 Cull 

ami lraz 384 .1./ 111 1.1 90 14 
Standard 457 67 71 10 

1/ Three with amitraz damage. 
"'1/ Five with amitraz damage. 
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Table 7.--Amitraz vs. standard program air carrier semi-concentrate and aerial 
application, d'Anjou and Bartlett pears, 1977. Moe Orchard, Hood River, Oregon 

Materials 
Pmi traz Standard 

Date Material Rate/acre Date Material Rate/acre 

2/14 Volck® oi I (aer i al ) 4.0 gal 2/18 Volck® oi I (400 gal/acre) 4.0 gal 
3/22 ami traz EC 

Volck® oi I 
1.0 gal 
8.0 gal 

3/22 Perthane® EC + 
Th i odan® EC + 

1.0 gal 
3.3 qt 

Volck® oi I 8.0 gal 
4/6 Morestan® \\P 5.0 Ib 4/6 M>res tan® \\P 5.0 Ib 
7/9 amitraz EC + 1.0 gal 7/10 Imi dan® \\P + 6.0 Ib 

PI ictran® 1.0 Ib D i thane® M-45 \\P + 9.0 Ib 
pyrenone® EC 12.0 oz 

8/31 ami traz EC 1.0 gal 8/31 Th i odan® EC + 5.0 Ib 
Pyrenone® 12.0 oz 

Psyl la eopulations 
Adults/20 trays; total eggs/50 spurs 

Ami traz Standard 
Date Adul ts Eggs Adul ts Eggs 

2/3 85 46 94 47 
2/8 164 131 
2/16 267 21S 
2/21 267 37 232 21 
2/23 358 266 
3/8 173 83 121 51 
3/14 166 173 131 64 
3/25 10 189 1 102 
4/4 2 187 0 151 

Adul ts/20 trays; spurs wi th eggs; nl.ITber of nymphs/12 spurs 
Ami traz Standard 

Date Adul ts Wi th eggs Nynphs AdJl ts Wi th eggs Nyrrphs 

4/25 0 0 0 0 0 0 
5/10 0 0 0 0 0 0 
5/23 1 0 0 0 0 0 
6/20 0 0 0 0 

Adults/20 trays; shoots with eggs; number of nymphs/12 shoots 
6/28 1 64 2 6 
7/18* 13 3 9 8 0 5 
8/1 13 6 15 7 7 16 
8/8 6 13 7 14 
8/22 9 370 12 426 
8/30 10 860 9 554 
9/6 18 10 63 62 12 402 
9/12 9 127 11 513 
* Every other leaf counted after 6/28 

Damage 
Pear psylla damage to d'Anjol:.l fruit at harvest 

Number pears graded for psylla damage 
Treatment U.S. extra fancy U.S. No. 1 U.S. No. 2 Cull 

ami traz 502 68 21 9 
Standard 437 45 40 14 
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Table 8.--Amitraz vs. standard program; comparative costs/acre for the 1977 season. 
Mid-Columbia Experiment Station, Hood River, Oregon 

Ani traz Standard 
Date Materi al Cost/acre Date ~1ateri al Cost/acre 

McCarty Orchard Cover Season application only 

5/18 Imidan~ WP + $ 27.02 5/17 I midan® WP + $ 27.02 
Manzate® 200 Manzate® 200 

7/19 amitraz EC 38.35 7/9 Imidan® WP + 27.02 
Manzate~ 200 

8/9 amitraz EC 38.35 8/9 Thiodan® WP + 23.85 
Pyrenone~ EC 

$103.72 	 $ 77.89 

Moe Orchard -- Delayed dormant + cover season appl ications 

3/22 amitraz + oil $ 49.95 3/22 Perthane® EC + $ 47.28 
Thiodan® + oil 

7/9 amitraz EC 38.35 7/10 Imidan® + Dithane® M-45 32.82 
+ Pyrenone® 

8/31 	 amitraz EC 38.35 8/31 Thiodan~ WP + 23.85 
Pyrenone® EC 

$126.65 	 $103.95 

Experiment Station Orchard Cover season application only 

6/30 amitraz EC $ 38.35 6/30 Imidan® WP + $ 22.24 
Dithane~ M-45 WP 

8/1 amitraz EC 38.35 8/1 Thiodan® YIP + 23.85 
Pyrenone® 

$ 76.70 	 $ 46.09 

Table 9.--Amitraz and standard treatment schedules on Cornice and Bosc pear varieties. 
Medford, Oregon, 1977. Air carrier sprayer using 50 gal/acre 

Rate Treatment Total 
Treatment Chemical a.i./acre Date cost/acre 

amitraz amitraz 1.5 Ib 	 June 7 $76.70 
July 14 

Standard Thiodan~ 2.5 Ib 	 June 7 $48.32 
+ July 14 

zineb 5.25 Ib 
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Table 10.--Control of pear psylla with amitraz on Bose and Cornice pear varieties. Medford, Oregon, 1977 

Number of esylla egg + nymehs/leaf -- adults/trae 
Pre

treatment Pos t treatment 
June July Al.gJst 

6 7 13 15 22 29 6 11 19 26 3 8 15 22 29 

Treatment.!1 	 Variety E+N~J /J-I A E+N E+N A E+N A E+N A E+N A E+N A E+N 

amitraz 	 Cornice 0.2 7.0 0.9 0.08 0.08 2.2 0.44 5.7 0.08 1.0 0.44 9.7 0.35 3.5 1.85 
Bose 0.1 2.4 0.2 0.52 0.60 1 • 1 0.56 2.5 0.08 16.4 0.16 7.7 0.55 2.05 2.40 

Standard 	 Cornice 0.12 5.4 7.9 0.48 0.36 3.9 1.68 3.9 0.24 2.2 0.68 23.8 4.80 3.5 4.90 
Bose 0.04 2.3 1.1 0.28 0.04 1.0 1. 16 2.4 0.20 12.8 0.64 25.2 3.70 5.8 5.95 

~~ See Table 9 for materials and treatment dates. 

31 E+N = eggs + nymphs. 


A = adults. 


Table 11.--Fruit growth record for amitraz and standard treated C~mice pears. Medford, Oregon, 1977 
Mean values for 20 fruitlplot each datal 

Standard St~ndard II .Ami traz Pmi traz II 
X X X X X X X X X X X X 

dai Iy dai Iy dai Iy dai Iy 
eire vol eire vol vol eire vol vol eire vol volvo! 

(em 3) (em3)(em) (em 	 ) (em) (em 3) (em 3) (em) (em3) (em) (em3) (em3) 

6/20 8.51 10.41 8.53 10.48 8.42 10.08 8.50 10.37 
6/24 9.32 13 .67 0.82 9.24 13.32 0.71 9.18 13.06 0.75 9.16 12.98 0.65 
7/1 10.58 20.00 0.90 10.68 20.57 1.04 10.46 19.33 0.90 10.47 19.38 0.91 
7/8 11.68 26.91 0.99 11.80 27.75 1.03 11.71 27.12 1 • 11 11.60 26.36 1.00 
7/22 14.39 50.32 1.67 14.26 48.97 1.52 14.26 48.97 1.56 14.12 47.54 1.51 
8/5 16.55 76.55 1.87 16.69 71.66 1.62 16.69 78.51 2.11 16.38 74.22 1 .9" 
8/19 19.05 116.93 2.88 19. 19 119.34- 3.41 18.96 115.10 2.61 18.62 109.02 2.49 
8/31 21.43 167.52 4.22 20.97 156.10 3.06 21.29 163.00 3.99 20.85 152.95 3.66 

11 Vol(em 3) = 0.S236(cire)3.-	 1f 

http:119.34-3.41


Table 12.--Honeydew-damaged fruit in amitraz and standard control programs for 
pear psylla control. Medford, Oregon, 1977 

Percent fruit in class 

Program Number of fruit ex.amined U.S. No. Fancy Cull 

Cornice - 9/8 
ami traz 862 95.0 4.5 0.5 
Standard 764 54.3 27.4 18.3 

Bose - 9/9 
ami traz 606 98.7 1.3 0.0 
Standard 682 88.6 8.2 3.2 

Hopeland, California 	 treated area. A brown-to-black ring 
appeared on 4.5 percent of the harvested 

Table 13 shows the spray program and fruit from the amitraz plot, but none 
pear psylla populations on Bartlett was found on fruit from the standard 
pears in Hopeland. The test was con treatment or untreated fruit. The oil 
ducted too late to show a difference in in the standard treatment caused 
fruit size or yield. Large amounts of enlargement of fruit lenticels, making 
honeydew were evident in untreated the pears less acceptab Ie for the fresn 
plots, whereas the treated plots had fruit market. There was a pear psylla 
little or no honeydew or sooty mold outbreak in the standard treatment plots 
damage to the fruit. Also, there was after the las t data were collected. 
more late-season damage by pear rust Table 14 compares the cost of the 
mite in the untreated or standard standard oil treatment with the amitraz 
treated plots than in the amitraz- treatment. 

Table 13.--Pear psylla test - Bartlett pears. Cornett Orchard, Hopeland, California 

50 Stations/ 
treatment~/ 50 Top shoots/treatment 

MateriaL!..i Mults Eggs Nynphs Hard shell nynphs 

( ra te./ acre) 7 /26~-' 8/2 9/3 7 /26~J 8/2 9/3 7 /26~J 8/2 9/3 7/261./ 8/2 9/3 

amitraz EC 42 0 197 125 52 120 3 5 16 4 2 
3 qt 

Volck® Supr~ 48 15 2 217 110 39 78 7 10 14 9 12 
3 go3.l 

Untreated 45 51 61 205 219 119 116 126 175 20 26 40 
check 

~~ Applied by speed sprayer at 200 gallons/acre on 7/26 and 8/9/77.

3/ Samples based on three limb taps per beat station. 


Pretreatment count. 


Note: Tree. spacing 20' x 20' with buffer rows of 123 trees (109 trees/acre) in each 
of the .amitraz and Volck® Supreme plots. Yield averaged 11.9 to 12 tons/plot 
(acre). 
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Table 	 14.--Cost of pear psylla spray 
program, Bartlett pears ]...1 

Oil Program 
Dormant oil 

Material - 6 gal/acre $ 9.18 
App\ ication 	 4.50 

Summer oil (2 applications) 
Material - 4 gal/acre 12.24 
Appl ication 	 9.00 

Total $34.92 

Amitraz Program 
Dormant oil 

Mate.rial - 6 gal/acre $ 9.18 
Appl ication 	 4.50 

Amitraz application 
Mate.rial - 0.75 gal/acre 28.50 
Appl ication 	 4.50 

Subtotal $46.68 
Amilraz application 

Material - 0.75 gal/acre 28.50 
Application 	 4.50 

Total $79.68 

1/ Based on: (1) Volck® Supreme 
at $1.53/gal; (2) amitraz at $38.00/gal; 
and (3) Perthane® at $23.13/gal. 

Availability of Amitraz 

Of the 50,000 gallons of ami traz 
available in 1917, only 24,000 gallons 
were sol.d. Also, the differences in 
control between amitraz spray programs 
and the standard spray programs were not 
so great as would be expected. The 
explanations for these two statements 
are: 1} Amitraz was not available until 
June 20, which was too late for a full 
season program. 2} There was a strong 
response to EPA's report and news 
releases that 20 people could develop 
cancer from ami traz-treated pears; thus 
Del Monte refused to accept amitraz
treated fruit and many growers were 
forced 	to non-amitraz programs. 3) The 
value of the 1917 crop in some areas did 
not merit a high-cost spray program; for 
example, much of the fruit was seriously 
damaged by hail and frost in Medford, 
Oregon. 4} A wettable powder formula
tion of amitraz was not available. 
Fruit growers are reluctant to use 
emulsifiable concentrates because of 
possible phytotoxicity. 
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Amitraz was cleared for use in 1978 
via Section 18 of FIFRA for use in 
Oregon, Washington, Utah, Pennsylvania, 
Michigan, and New York (Federal Register 
43(149):33962-3). 

The 43,748 pounds of amitraz 
(21,165 gallons of BAAM®) available in 
1978 were sold. Commercial applications 
of amitraz in 1978 gave good control of 
pear psylla. 

Residue Studies 

Residue samples were taken as shown 
in Table 15, and the results are shown 
in Table 16. These samples were com
pared with non-amitraz-treated pears. 

Thei?tudy consisted of 52 samples of 
amitraz-treated pears and 46 samples 
of non-amitraz-treated pears. The 
residue study was conducted by the 
National Monitoring and Residue Analysis 
Laboratory, APHIS, USDA, Gulfport, 
Mississippi. 

Duplicate samples were analyzed by 
the Upjohn Laboratory in Kalamazoo, 
Michigan. All analysis used a method 
developed by the Upjohn Laboratory 
(Report No. 315-9760-32), the details of 
wh:ch are presented in the section 
titled: Analytical Method for Amitraz 
Residues (see page 20). Calculations 
for determining the amitraz residue in 
pear samples were as follows: 

Calculations for the Determination of Amitraz 
Residues in Pear SamplesCH 3 

o~CH3 II 
N CF 3 CF 2 CF 2 C, 


II NH 

CH 

I 
CH 3-N NaOH 2 HFBA .. ~CH3 

I 
CH 
II 

N 


~CH3 

MW 293 MW 317 

p/m amitraz = ng amitraz/mg sample 

= 109ng ~mitraz x 293g amitraz x mole amitraz x mole ani !.ide deriv 
g amltraz mole amitraz 2 moles anilide. deriv 317g anilide deriv 

x _~gl...-,;;a;;..;n~j~Ii.;;;,;d.;;:,e--:;;d.;;:,e.;.,.r;;,..;iv~ 0.25 ng ani !ide deriv Y phu samplex x 
109 ng ani lide deriv x phu .std 5 ).II mg sample 

x 100,000 ).II sample 
50,000 mg sample 

= (293)(0.25)(y phu [sample]) 
(317) (5) (x phu [std]) 

= (0.0462) (y phu [sample) x Recovery Factor 
(x phu [std]) 
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Table 16.--Results of residue study 

Upjohn's NMRL II 

Pear Date values values Lab log 


variety sampled Treatment Sampling information (p/m) (p/m) no. 


Hood River, Oregon 
Bart lett 8/8/77 cwnitraz 7 days after last ~Iication 0.91 0.03 00 

do. do. Standard 7 days after last appl ication < 0.05 0.04 02 
do. 8/12/77 anitraz Harvest 0.63 0.63 04 
do. do. Standard Harvest < 0.05 Negat ive 05 
do. 8/12177 anitraz Harvested, ripened 7 days 0.97 0.65 06 
do. do. Standard Harvested, ripened 7 days < 0.05 Negative 07 
do. 8/12/77 anitraz Harvested, stored 7 days @ 32°F, 2.2 1.21 08 

ripened in 10 days 

do. do. Standard Harvested, stored 7 days @ 32°F, < 0.05 0.07 09 


ripened in 10 days 


ripened in 10 days; canned 


ripened in 10 days; canned 


do. 8/12/77 anitraz Harvested, stored 7 days @ 32°F, < 0.05 0.08 10 


do. do. Standard Harvested, stored 7 days @ 32°F, < 0.05 Negat ive 11 


d'Anjou 8/8/77 anitraz 7 days after last ~I ication 0.91 0.63 01 

do. do. Standard 7 days afte~' last appl icat i on < 0.05 0.02 03 

do. 9/2/77 anitraz Harvest 0.25 0.24 12 

do. do. Standard Harvest < 0.05 Negat ive 13 

do. 9/2/77 crnitraz Harves ted, washed am waxed 0.20 0.22 14 

do. do. Standard Harves ted, washed am waxed < 0.05 0.03 15 

do. 9/2/77 anitraz Harvest: Wash~ax, stored 1 month, 0.31 0.30 16 


ripened 7 days 

do. do. Standard Harvest: Wash~ax, stored month, < 0.05 Negat ive 17 


ripened 7 days 


7 days 


7 days 


7 days 


7 days 


7 days 


do. 9/2/77 anitraz Wash~ax, stored 2 months, ripened 0.26' 0.28 73 


do. do. Standard Wash~ax, stored 2 mon ths, ripened < 0.05 Negative 74 


do. 9/2/77 anitraz Wash-'Wax, stored 3 months, ripened 0.22 0.30 75 


do. do. Standard Wash~ax, stored 3 months, ripened < 0.05 tJegat ive 76 


do. 9/2177 anitraz Wash~ax, stored 6 months, ripened 0.24 0.31 77 


... 
U'1 
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~ Table 16.--Results of residue study (continued) 

Upjohn's NMRL 1/Pear Date values values Lab logvariety sampled Treatment Sampling information (p/m) (p/m) no. 

Hood River, Oregon (cont i nued) 
d'.Anjou 9/2/77 Standard Wash~ax, stored 6 months, ripened < 0.05 Negat ive 78 

7 days
Medford, Oregon 
Cornice 9/7/77 amitraz 7 days after last CIJ:l)I ication 1. 10 0.81 19do. 7/21/77 Standard 7 days after last appl icat i on < 0.05 0.17 18do. 9/7/77 amitraz Harvest 1. 71 0.91 23

dO. do. Standard Harvest < 0.05 Negative 22do. 9/17/77 amitraz Prepack-post wash 9/17 0.83 0.71 27do. do. Standard Prepack-post wash 9/17 < 0.05 0.02 26do. 9/17/77 amitraz Stored 9/17-10/18, ripened 10/18, 0.95 0.71 31
frozen 10/25

do. do. Standard Stored 9/17-10/18, ripened 10/18, < 0.05 0.02 30 
frozen 10/25

do. 9/17/77 amitraz Stored 9/17-11/16, ripened 11/16-23, 0.67 0.74 35 
frozen 11/23

do. do. Standard Stored 9/17-11/16, ripened 11/16-23, < 0.05 0.01 34 
frozen 11/23

do. 9/17/77 amitraz Stored 9/17-12/16, ripened 12/16-23, 0.65 0.68 41 
frozen 12/23

do. do. Standard Stored 9/17-12/16, ripened 12/16-23, < 0.05 Negat ive 40 
frozen 12/23

do. 9117/77 amitraz Stored 9/17/77-1/16/78, ripened 0.61 0.92 45 
1/16, frozen 1/23/78

do. do. Standard Stored 9/17177-1/16/78, ripened < 0.05 Negat ive 44 
1/16, frozen 1/23/78

Bose 9/7/77 amitraz 7 days after last CIJ:l)I ication 1. 51 1.16 21do. 7/21/77 Standard 7 days after last appl icat i on < 0.05 0.04 20do. 9/7/77 amitraz Harvest 0.62 0.49 25do. do. Standard Harvest < 0.05 0.033 24do. 9/17/77 anitraz Prepack-post wash 9/17 0.54 0.46 29do. do. Standard Prepack-post wash 9/17 < 0.05 0.03 28do. 9/17/77 cmitraz Stored 9/17-10/18, ripened 10/18, 0.85 0.46 33 
frozen 10/25 



Table 16.--Results of residue study (continued) 

Pear Date 

variety sampled Treatment Sampling information 


Medford, Oregon (cont inued) 
Bose 9/17/77 Standard Stored 9/17-10/18, ripened 10/18, 

frozen 10/25 
do. 9/17 /77 anitraz Stored 9/17-11/16, ripened 11/16-23, 

frozen 11/23 
do. do. Standard Stored 9/17-11/16, ripened 11/16-23, 

frozen 11/23 
do. 9/17177 anitraz Stored 9/17-12/16, ripened 12/16-23, 

frozen 12/23 
do. do. Standard Stored 9/17-12/16, ripened 12/16-23, 

frozen 12/23 
do. 9/17177 anitraz Stored 9/17/77-1/16/78, ripened 

1/16, frozen 1/23/78 
do. do. Standard Stored 9/17/77-1/16/78, ripened 

1/16, frozen 1/23/78 
Wenatchee, Washington 
Bartlett 8/9/77 anitraz 7 days after last treatment 

do. do. lhtreated Frozen 8/9 

do. 8/9/77 cmitraz 7 days after last treatment, washed


waxed 9/16, frozen 9/16 
do. do. lhtreated Washed~axed 9/16, frozen 9/16 
do. 8/9/77 ami traz 7 days posttreatment, washed

waxed 9/16, stored 1 month, 
ripened 4 days, frozen 10/19/77 

do. do. Lkltreated Washed-waxed 9/16, stored 1 mon th, 
ripened 4 days, frozen 10/19/77 

do. 8/9/77 anitraz 7 	days posttreatment, washed
waxed 9/16, stored 2 months, 
ripened 3 days, frozen 11/18/77 

do. do. lhtreatecl Washed-waxed 9/16, stored 2 months, 
ripened 3 days, frozen 11/18/77 

do. 8/9/77 ami traz 7 	days posttreatment, washed-waxed 
9/16, stored 3 months, ripened 3 
days, frozen 12/18/77 

Upjohn's 
values 
(p/m) 

< 0.05 

0.61 

< 0.05 

0.59 

< 0.05 

0.56 

< 0.05 

0.93 
< 0.05 

0.46 

< 0.05 
0.61 

< 0.05 

0.46 

< 0.05 

0.52 

NMRL 1! 
values 

(p/m) 

0.02 

0.40 

Negat ive 

0.54 

0.02 

0.57 

0.02 

0.73 
Negative 

0.70 

Negative 
0.68 

0.04 

0.74 

Negative 

0.60 

Lab log 
no. 

32 


37 


36 


39 


38 


43 


42 


52 
47 
53 

48 
54 

49 

55 

50 

56 

..... 




... 
0:1 Table 16.--Results of residue study (continued) 

Upjohn's NMRL 1.1
Pear Date values values Lab logvariety sam~led Treatment Sameling information (elm) (elm) no. 

Wenatchee, Washington (cont inu~l 
Bartlett 8/9/77 Ultreated Washed-waxed 9/16, stored 3 months, < 0.05 0.03 51 

ripened 3 days, frozen 12/18/77
do. 8/8/77 amitraz 7 days posttreabnent, precanning 0.90 0.90 58 

sarrple, frozen 8/8
do. do. Ultreated Precanning sample, frozen 8/8/77 < 0.05 Negative 57do. 8/8/77 ami traz 7 days posttreatment, ripened 0.05 0.10 60 

and canned 
do. do. lhtreated Ripened and canned < 0.05 Negat ive 59d'Anjou 8/31/77 ami traz 7 days posttreatment 0.40 0.36 62do. do. lhtreated Frozen 8/31177 < 0.05 Negative 61do. 8/31/77 amitraz 7 days posttreatment 8/24§ frozen 8/31 0.73 0.64 68do. do. Ultr<eiJted Frozen 8/31/77 < 0.05 Negative 67 

4do. 8/31/77 ami h az 7 days posttreatment, washed- 0.33 0.43 63 
waxed 9 116, f roz en 9 116 


do. do. amitraz 7 days posttreatment, washed- 0.54 0.52 69 

waxed 9/16, frozen 9/16


do. do. ami traz 7 days posttreatment, washed- 0.29 0.32 64 
waxed 9/16, stored 1 month, 
ripened 5 days, frozen 10/21

do. do. amitraz 7 days posttreabnent, washed- 0.48 0.67 70 
waxed 9/16, stored 1 ~th, 
ripened 5 days, frozen 10/21

do. do. ami traz 7 days posttreatment, washed- 0.56 0.45 65 
waxed 9/16, stored 2 months, 
ripened 7 days, frozen 11/23

do. do. amitraz 7 days posttreatment, ~shed- 0.28 0.36 71 
waxed 9/16, stored 2 ~ths, 0.44 
ripened 7 days, frozen 11/23

do. do. ami traz 7 days posttreatment, washed- 0.31 0.44 66 
waxed 9/16, stored 3 months, 
ripened 5 days, frozen 12/20

do. do. amitraz 7 days posttreabnent, washed- 0.50 0.49 72 
waxed 9/16, stored 3 ~ths, 
ripened 5 days, frozen 12/20 

http:washed-0.50
http:washed-0.31
http:shed-0.28
http:washed-0.56
http:washed-0.48
http:washed-0.29
http:washed-0.54
http:washed-0.33


Table 16.--Results of residue study (continued) 

Pear Date 
variety sampled Treatment 

Wenatchee, Washington (continued) 
d'Anjou 8/31/77 anitraz 

do. do. ani traz 

Uopeland, California 
Bartlett 8/16/77 anitraz 

do. do. lkltreated 
do. do. lhtreated 
do. 8/23/77 lkltreated 
do. do. anitraz 

do. do. Standard 

do. 8/24/77 Untreated 
do. 8/23/77 ani traz 
do. 8/24/77 lkltreated 
do. do. lkltreated 
do. 8/23/77 anitraz 

do. 8/24/77 Lhtreated 
do. 8/23/77 ani traz 
do. do. lkltreated 
do. 8/23/77 ami traz 
do. do. Standard 
do. 8/23/77 amitraz 
do. do. Standard 

Sampling information 

7 	days posttreatment, washed-waxed 
9/16, stored 6 months, ripened 
3 days, frozen 3/20/78 

7 days posttreatment, washed-waxed 
9/16, stored 6 months, ripened 
3 days, frozen 3/17/78 

7 	days pos ttreatment 
7 days posttreatment 
7 	CLl1fS after wash 
Harvest sanple 
Harvest, treatment 7/26 and 8/9, 

prestorage 14 days, 1 month storage 
(removed 9/23), ripened, frozen 9/28 

Harvest, oil treatment 7/26 and 8/9, 
1 month storage (retroved9/23), 
ripened 5 days, frozen 9/28 
month storage, 9/24 

Harvest, 2 months storage 
Harvest, 2 months storage 
2 months storage, 10/24 
Harvest, prestorage 14 days, 3 months 

storage (retroved 11/23), ripened 
3 months storage, 11/24 
Harvest, 6 months storage 
Harvest, 6 months storage 
Pears canned 
Oil treated pears canned 
Pear peels and cores 
Oi I treated pear pee I s and cores 

Upjohn's 
values 
(p/m) 

0.47 

0.38 

0.52 
< 0.05 
< 0.05 
< 0.05 

0.46 

< 0.05 

< 0.05 
0.53 

< 0.05 
< 0.05 

0.57 

< 0.05 
0.47 

< 0.05 
< 0.05 
< 0.05 

0.84 
< 0.05 

NMRL 1-' 
values 

(p/m) 

0.61 

0.51 

0.54 
Negative 
Negat ive 

0.04 
0.65 

0.07 

Negative 
0.56 
0.05 

Negative 
0.60 

Negat ive 
0.86 

Negative 
0.06 

Negat ive 
2.24 
0.05 

Lab log 
no. 

91 

92 

79 

87 

80 

85 

86 


88 

81 

90 

84 

82 

89 


83 

94 

93 

95 

97 

96 

98 


1/ 	National Monitoring and Residue Analysis Laboratory, 
APH IS, USDA, Gulfport, Mississippi • ... 
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Analytical M.ethod for Amitraz Residues 

(Report No. 315-9760-32) 


Total Residue Method for U-36,059 

[ 1, 5-Di-(2,4-dimethylphenyl )-3-methyl-1, 


3,5-triazapenta-1,4-dienel in Apples, 

Pears, and Soils 


J. L. Nappier 
R. E. Hornish 

Agricultural Division 
The Upjohn Company, Kalamazoo, Michigan 

September 26, 1975 

Synopsis 

A total residue procedure has been 
developed for the determination of 
U-36,059 and metabolites in apples, 
pears, and soil. 

The procedure includes the base 
hydrolysis of U-36,059 and metabolites 
to 2,4-dimethylaniline, steam distilla
tion and continuous extraction of the 
aniline into an organic solvent and 
subsequent derivatization with hepta
f1uorobutyric anhydride (HFBA). The 
heptafluorobutyrylamide derivative of 
2,4-dimethylaniline is thEm analyzed by 
gas liquid chromatography using E.C. 
detection. 

Introduction 

Two methods are presently in use 
for the analysis of U-36,059 miticide in 
apples, pears, and oranges (65,66).]j 
One method is used for the analysis of 
the parent compound and the other method 
for the analysis of its major metabol ite 
U-40 ,481. In the method for the analy
sis of the parent compound, samples must 
be run within 7 days of harvest. 

The method described here is a 
total .residue method based on the 
hydrolysis of the parent compound and 
its metabolites to 2,4-dimethylani.line. 
This method will eliminate the need 

11 Figures in parentheses refer to 
References at the end of the report. 

for two separate analyses and the 
necessity for analysis within 7 days of 
harvest. 

Equipment 

Gas chromatograph.--A Tracor Model 
MT-220 Gas Chromatograph equipped with a 
63 Ni electron capture detector. 

Gas chromatographic column.--A 
glass U-tube, 6 mm o.d., 3 mm i.d., 6 ft 
in length, packed with 3 pct OV-17 on 
100-120 mesh Gas Chrom Q. 

Syringe.--Precision Scientific, 10 
~I capacity. 

Distillation1extraction head. --Con
structed according to the design of W. 
Heizler of CIBA, Ltd. (26). Illustrated 
in Figure 1. 

Special glassware. --1000 ml round 
bottom flask (1 per sample); 250 ml 
round bottom flask (1 per sample); 350 
mm Friedrich Condenser (1 per sample); 
5 ml Reacti-Vials (1 per sample). 

S 
24,40

•, 

II 
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500 

i 
2M 5 290 310400 24/40 

I! I 
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S I , I- I24.40 I 

(WATER SIDEI 10 B,O j IIISOOCTANE SIQ,© 
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~. !i 
50 I I , I 

• T ! I '" 

Figure 1. Heizler modification of the 
Bleidner Distillation-Extraction 
Apparatus. (taken from (26» 
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Heating block.--Reacti Therm-Pierce 
Chemical Co. 

Meat grinder. *--Household hand
operated or power-operated grinder. 

Sieve. **--U. S. Standard Sieve #8 -
Fisher Scientific Co. 

V-Mixer. **--Liquid-Solids Blender -
The Patterson-Kelley Co., Inc. 

Riffler.**--Model H-3985 - Humboldt 
Manufacturing Co. 

Moisture balap.~e. **--Ohaus Moisture 
Determination Balance. 

Reagents 

2, 2,4-Trimethylpentane. -- Distilled 
in glass - Burdick & Jackson. 

Heptafluorobutyric anhydride.-
Pierce Chemical Co. 

Sodium bicarbonate.--Analytical Re
agent Gr ade - The Mallinck rodt Chemical 
Co. 

Sodium hydroxide. --50 pct Aqueous 
Solution - J. T. Baker Chemical Co. 

Antifoam. --Antifoam A Silicone De
foamer - Dow Corning. 

Analytical Standard U-36, 059. --Ref
erence 11905-VLR-85, The Upjohn Co. 

Analytical standard heptafluoro
butyrylamide derivative of 2,4-dimethyl
aniline.--Reference JLN-XI-41, m.p. 52
53°C, The Upjohn Co. 

* For fruit analysis. 
** For soil analysis. 

Procedure 

Sample preparation - soi I. --Spread 
soil in a thin layer on paper in a lab
oratory hood and allow to air dry 
overnight. Screen soil through a #8 
U.S. standard sieve and discard any 
extr.aneOUs materials such as stones or 
sticks not passing through the sieve. 

Place the soil in a V-mixer and allow to 
mix for 30 minutes. Remove the soil 
from the V-mixer and pass through a 
riffler collecting two separate samples. 
Combine both samples and pass through 
the riffler again collecting two 
samples. Repeat riffl ing procedure 
eight more times. Take the last two 
separate samples and sample indepen
dently from each and package in 50-gram 
quantities for analysis. Take a 
10-gram sample for moisture content 
determination. 

Sample preparation - fruit.--Apples 
and pears are ground in a meat grinder 
and packaged in 50'-g quantities for 
analysis. The packaged samples are 
stored froz en. 

Hydrolysis and extraction.--Place 
50 g of sample in a l-liter, one neck, 
round bottom flask. Add 200 ml of 
deionized water and 5 ml of 50 pct NaOH 
solution. Add 3 drops of antifoam and 
swirl to mix. Attach the flask to arm B 
(Fig. 1) of the distillation/extraction 
head. To arm C (Fig. 1) of the distil
lation/ex.traction head, attach a 250-ml 
r.b. flask containing 100 ml of iso
octane (2,2,4-trimethylpentane) and 4 or 
5 glass boiling beads. To the top of 
the apparatus, attach a water condenser. 
Use Teflon sleeves at all three ground 
glass joints and wet each joint with 
deionized water before connecting. Add 
enough deionized water to the apparatus 
to fill tubes K and L (Fig. 1) half 
full. Place heating mantles on both 
flasks and heat to reflux, adjusting the 
rate until there is an equai flow of the 
2 phases through tube K (Fig. 1). Allow 
the extraction to continue for 2 hours, 
insuring that the rates remain equal. 
Turn the heating mantles off and allow 
to cool to room temperature. 

Derivatization.--Pour the iso
octane from the 250-ml r.b. flask into a 
100-ml mixing cylinder. Rinse the flask 
with fresh iso-o.ctane and adjust the 
total volume to 100 mi. Mix and trans
fer a 4-ml aliquot of the solution into 
a reacti-vial. Add 1 drop of deionized 
water and 20 lJl of heptafluoro
butyric anhydride. (The water reacts 
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with the heptafluorobutyric anhydride 
producing heptafluorobutyric acid which 
readily reacts with the aniline. With
out the water, other compounds present 
in the extract produce interfering peaks 
in the gas chromatogram.) Shake the 
vial and place in a Reacti-Therm Heating 
Block. Heat to 50°C for 1 hour. Trans
fer the solution to a 15-ml screw cap 
centrifuge tube. Add an equal volume of 
a saturated aqueous solution of NaHC0 3
and shake for 30 seconds. Sample the 
organic layer and di lute with iso-octane 
to give a solution containing approxi
mately 5 ng/ml based on 2,4-dimethyl= 
aniline. 

Gas chromatography.--Gas Chroma
tograph - Tracor MT-220 

Column - 6 ft, 3 pct OV-17 on 100-120 
mesh Gas Chrom Q 

Detector - electron capture 63 Ni 

Detector mode - R f 

Detector voltage - 40 V 

Pulse rate - 240 llsec 

Pulse width - 6 llsec 


Detector temperature - 265°C 
Inlet temperature - 205°C 
Outlet temperature - 250°C 
Carrier and Purge gas - N2 
Carrier gas flow - 90 ml/min 
Purge gas flow - 0.6 on rotometer 
Electrometer sensitivity - 10 x 4 

Prepare a solution of 13 .09 nglml 
of heptafluorobutyrylamide derivative of 
2,4-dimethylaniline to be used as a gas 
chromatography standard. This is equiv
alent to 5.0 ng/ml or 5.0 p/b of 2,4
dimethylaniline. Run a dosage response 
curve daily by injecting 1,2,3,4,5 and 6 
).II of the standard. Use the "plug l' 

method for injection where the needle is 
fi lied with iso-octane and then the 
appropriate amount of standard is taken 
up into the barrel of the syringe and 
an additional amount of iso-octane is 
taken up to give a total injection size 
of 7 ).II. 

Inject 6 ).II of the diluted 
sample by the "plugI' method of injec
tion. Smaller injection sizes may be 

used if the sample was not sufficiently 
di luted. Sample injections should be 
interspersed with standard injections. 
The method is sensitive to 0.05 p/m with 
recoveries ranging from 70-80 percent. 

Calculations.--Generate a standard 
curve by linear regression analysis of 
the peak heights of the standards. 
Calculate the level of 2,4-dimethyl= 
aniline on column 
line equation and 
residue p/m value as 

from the 
calculate 

follows: 

regression 
the total 

p/m* 
(pg on column)(dilution)(100 ml) 

(recovery) ().II injected) (sample wt g) 

x 

* The p/m value for soil analysis must 
be corrected for the moisture content of 
the soil. 

Fate in the Environment 

During the 1977 amitraz spray 
season, samples were collected by the 
EPA laboratory at Wenatchee, Washington, 
to determine the potential respiratory 
exposure to people living in the vicin
ityof spray operations, the respiratory 
and dermal exposure of spraymen, 
and the potential dermal exposure of 
workers thinning in an orchard at vari 
ous times after spraying. 

Analysis of Samples 

The particular sample collection, 
extraction, and storage procedures 
employed will be detailed in following 
sections. Ami traz in the various 
extracts was quantitatE::d by gelS chroma
tography on a 1.83 M x 0.63 cm glass 
column packed with 5 pct OV-210 on 
100 1120 mesh Gas Ch rom Q. Col umn 
temperature was 190°C, giving a 
retention time of approximately 5 
minutes for ami traz. The detector 
employed was a Tracor 702 operated at 
conditions giving maximum response for 
nitrogen. 
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Analysis of Occupational 
Exposure Samples 

Dermal and respiratory exposures of 
spraymen were investigated by using the 
alpha-cellulose dermal pads, and gauze 
respirator pads. All spraymen were 
applying BAAM® at a rate of 4 qt/acre, 
but at various dilutions, which we have 
designated IInormalll (3 pt BAAM®/ 100 gal
lons of tank mix), IIdilute ll (1 1/2 pt 
BAAM®/100 gallons of tank mix), and 
IIsemi-concentrated ll (6.4-10 pt BAAM® /100 
gallons of tank mix). All spray opera
tions employed airblast sprayers. 

After removal from the spraymen, 
the exposure pads were stored in an ice 
chest containing a froz.en plastic gel 
refrigerant until they were returned to 
the laboratory. The pads were then 
transferred to a freezer, where they 
were stored for up to a month. Extrac
tion of a portion (5 x 5 cm}of the 
alpha-cellulose pads or the total respi
rator pads was carried out in a Soxhlet 
extractor using hexane:acetone (1:1). 
The extracts were stored in brown bot.,
ties over tia2S04 at room temperature 
pending analysis • 

Recent studies indicate that there 
is a loss of amitraz in cold storage 
when held on alpha-cellulose pads. The 
data in Table 17 may represent only 
about 40 percent of the original 
exposure. Thus, the dermal exposure 
would have been less than 0.175 mg/man 
per hour to 250 mg/man per hour, with a 
mean of 31.8 mg/man per hour. 

Values obtained for exposure pads 
at different locations on the spraymen 
indicate Iittle difference in dermal 
exposure at the si tes examined. The 
concentration of tank mix also had 
little effect on dermal exposure; how
ever, the Iimited number of exposures to 
IIdi lute ll and IIsemi-concentrated!! mixes 
compromises the validity of this con
c1usion. There does appear to be a 
trend toward an inverse relationship 
between tank mix concentration and 
dermal exposure. 

The spraymen that were observed 
were.: generally protected except for the 
face, hands, and neck. The exposed body 
area was calculated at 1730 cm2 • Data 
in Table 17 are not corrected for the 60 
percent loss of amitraz. 

Table 17. --Dermal exposur:e to amitraz 

Spray Exposure pad 
Number 

of 
Amitraz exposure 

(~g/cm2/hr) 

concentration location samples Mean + S.E. Range 

II Normalll Shoulders 
Upper back 
Upper chest 
Forearms 

42 
21 
21 
39 

8.86 ± 2.21 
6.13 ± 1.74 
4.23 ± 1.22 
8.37 ± 1.49 

< O.Ol! 
< 0.04 
< 0.04 
< 0.04 

- 56.7 
- 26.0 
- 19.4 
- 38.4 

IIDilute ll Shoulders 
Upper back 
Upper chest 
Forearms 

6 
3 
3 
6 

14.5, ± 5.0 
10.5 ± 6.0 
5.08 ± 1.64 

10.6 ± 3.4 

0.051 
< 0.03 

1.83 
1.55 

- 32.3 
- 20.7 
- 7.05 
- 19 •.8 

IISemi
concentrated II 

Shoulders 
Upper back 
Upper chest 
Forearms 

10 
5 
5 
6 

5.53 ± 1.53 
2.36 ± 1.02 
3.16 ± 0.67 
5.22 ± 2.40 

0.145 
< 0.05 

0.988 
< 0.05 

- 15.4 
- 5.98 
- 5.16 
- 16.2 
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Table 18.-- Respiratory exposure to amitraz 

Spray 
concentration 

Number of 
samples Mean + 

"Normal" 22 21.9 ± 
"Di lute" 3 121.0 ± 
"Semi

concentrated" 
3 

Respiratory Exposure 

Many of the respirator extracts 
contained levels of amitraz that were 
not quantifiable. These extracts were 
concentrated 20 times under a nitrogen 
str:eam at 40°C. Several of the extracts 
that could be quantitated were also 
concentrated in the same manner. None 
of the concentrates contained even a 
trace of amitraz. Those extracts that 
contained amitraz before concentration 
contained none after concentration; 
therefore, amitraz must be very volatile 
under the conditions employed. 

If one assumes a 40 percent recov
ery for the gauze pads, the respiratory 
exposure would have been less than 0.075 
llg to 86.5 llg/man per hour. The mean 
respiratory exposure for all tank mixes 
was 75.5 llg/man per hour (Table 18). 
Data in Table 18 are uncorrected values .• 
Even though the relative values for 
dermal and respiratory exposures i.n this 
study are comp.arable to those of other 
c:tudies with other pesticides, the 
validity of the data is questionable. 
Only 9 out of 28 respirator pad extracts 
contained quantifiable amounts of ami
traz, and the amounts in these extracts 
were rather high. Concentration of 
samples containing amitraz indicated 
that this material may be quite vola.tiIe 
and, therefore, might be expected to be 
str.ipped frQm respirator pads. Thus, 
the occasional high values may well have 
been d.ue to accidental contamination, by 
the'~spraymen, of the pads rather than to 
actual respiratory exposure. 

.24 . 

S.E. Range 

Number of 
samples below 

quantifiable 
levels 

9.7 

113 .0 

< 0.04 

< 0.03 

- 190 

- 346 

15 

3 

Analysis of Air Samples 

The recovery of known amounts of 
amitraz from the Greenburg-Smith 
impingers was unsatisfactory; therefor"e, 
no data are available from the air 
samples. 

Analysis of Dislodgable 

and Nondislodgable 


Amitraz Residues 

from Pear Foliage 


No dislodgable or nondislodgable 
amitraz was found on leaf samples. This 
was probably due to hydrolysis of ~'esi
dues during the mixed-phase water Ihexane 
extraction. 

Alcohol Hand Rinses 

During spray operations, several of 
the spraymen were subjected to alcohol 
hand rinsing. These rinses were stored 
at room temperature for approximately 
9 months prior to analysis. None of 
the 30 rinses contained amitraz at the 
detectab Ie level of 1 ng per lli. 
This detectable level corresponds to 
0.4 mg per sprayman. Five, and some
times six, unidentifiable materials 
were detected in gas chromatograms. 
These may have represented conversion 
products from amitraz due to reaction 
on the skin surface or in the alcohol 
rinses, they may have been normal 
constituents of the skin surface, or 
they may have been plastic components 
dissolved from the plastic bags used 
to collect rinses • 



CHAPTER 2 

ECONOMIC IMPLICATIONS OF AMITRAZ USE ON PEARS 

Methodology and Assumptions 

This report is an analysis of the 
economic implications of the use of 
amitraz to control pear psylla in pears. 
The following is a listing of the 
assumptions, procedures, and limitations 
of the analysis: 

1. 	 The analysis compared the economic 
effect of two scenarios: the avail 
ability of amitraz for use on pears 
versus the nonavailability of 
amitraz. 

2. 	 AmiLraz is a new material; there
fore, the number of acres to which 
amitraz might be applied had to be 
assumed. For this analysis, the 
assumption was made that the bearing 
acres in Oregon and Washington, 
and 35 percent of the bearing acres 
in Cal ifornia, would be treated 
annually. This assumption is based 
on the lack of an efficacious 
alternative insecticide for summer 
control of pear psylla (9,62,63,90, 
93,100). In making this assumption, 
we recognized that amitraz may be 
needed for emergency summer control 
of pear psylla on some portion of 
the other bearing and nonbearing 
acres in the three States not 
treated annually. 

3. 	 The 1974-1976 average acres, pro
duction, and value of pears were 
assumed to be representative of 
acres, production, and value of 
pears that would occur in the 1917
1981 analysis period if amitraz were 
available. During the years 1974
1976, chlordimeform (Galecron® and 
Fundal®) was available and gave 
adequate summer control of pear 
psylla (9,63,90, 100). The 1917-1981 
analysis perJod was arbitrarily 
selected; however, it was assumed 
that this period was adequate to 

demonstrate the short-term to 
mid-term effects of pear psylJa. 

4. 	 Partial budgets, that considered 
only materials and cultural prac
tices that changed, were used to 
estimate cost differences of amitraz 
and alternative insect-control pro
grams. The partial budgets were 
developed by research and Agricul
tural Extension Service personnel in 
respective areas. 

5. 	 Quantity and quality effects of pear 
psylla damage to pears were consid
ered in estimating economic losses 
associated with the lack of an 
effective summer control such as 
amitraz. Effects observed on test 
and control plots were assumed to be 
applicable to all pear acres. 

6. 	 The analysis assumes that no new 
insecticides will be registered for 
use in controlling pear psylJa on 
pears during the time period consid
ered in the analysis. 

7. 	 The analysis was limited to the 
pear-growing areas of Oregon. 
Washington, and California, which 
account for 95.4 percent of the 
1974-1976 average United States 
commercial pear production (71). 

Areas of Potential Use 
and Recommended Use Practices 

Ami traz is needed for summer pear 
psylla control in Oregon, Washington. 
and California. Currently, 91,000 acres 
of pears are grown in these three 
States: 67 ,600 acres of Bartletts, and 
23,400 acres in the predominant winter 
varieties of dlAnjou, Bosc, Comice, and 
Winter t.Jelis (Table 79). California has 
the largest acreage of pears -- 39.600 
acres of Bar tl etts and 1,900 acres of 
winter pears (Table 19). Washington has 
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N Table 19.--Current acres, production, and value of pears for Oregon, Washington, and Californiaen 

Estir.1ated 1974-1976 Yield per 1974-1976 Value per 1974-1976 
Area and Bearing- bearing Average bearin~ Weighted average beari~ Average 

Bear variety Acres 11 age trees 21 acres 31 ~rodJction41 acre 1 value per ton 41 acre 1 total val~1 

thousand 
eercent ---------tons--------- ----------dollars--------- dollars 

Or~ 23,500 85.4 20,076 184,000 9.2 140 1,288 25,797 
Bart Iett 11,000 89.1 9,801 77 ,667 7.9 135 1,067 10,485 
Winter 12,500 82.2 10,275 106,333 10.3 144 1,483 15,312 
Hood River Lf 11,200 85.8 9,610 104,017 10.8 139 1,501 14,528 

Bart Iett 5,600 87.0 4,872 43,217 8.9 135 1,202 5,834 
Winter 5,600 84.6 4,738 60,800 12.8 143 1,830 8,694 

Medford ~-' 12,300 84.7 10,489 79,983 7.6 141 1,072 11,253 
Bart Iett 5,400 91.5 4,941 34,450 7.0 135 945 4,651 
Winter 6,900 80.4 5,548 45,533 8.2 145 1, 189 6,602 

WaShington 26,000 83.6 21,736 223,100 10.3 143 1,473 32, 134 
Bart lett 17 , 000 89.9 15,283 133,300 8.7 138 1,201 18,395 
Winter 9,000 71.7 6,453 89,800 13 .9 153 2, 127 13,739 

California 41,500 88.4 36,687 325,916 8.9 147 1,308 48,034 
Bart lett 39,600 88.8 35, 164 316,333 9.0 147 1,323 46,501 
Winter 1,900 80.2 1,523 9,583 6.3 160 1,008 1,533 

Total 91,000 86.3 78,499 733,216 9.3 145 1,348 105,965 
Bart Iett 67 ,600 89.1 60,248 527 , 300 8.7 143 1,244 75,381 
Winter 23,400 78.0 18,251 205,716 11.3 148 1,672 30,584 

1/ Estimated acres of pears in Oregon were obtained from Bill Kosesan, Oregon Dept. of Agriculture, 
Salem, Oregon, personal communication, May 10, 1978 (40). Estimated acres of pears in Washington and 
California were provided by Errett Deck, Office of Environmental Quality Activi ties, U. S. Department of 
A~~liculture, personal communication, January 19, 1977 (17). 

U.S. Department of Commerce, l3ureau of the Census, 1974 Census of Agriculture (81). 
""Sf Percent of bearing-age trees times acres of pears. Hood River and Medford data do not add to Oregon 

total, due to rounding. 
t~ Calculated fl~om 1974-75-76 Agricultural Statistics (71) and Statistical Reporting Service data (10,51,85). 
- Calculated by dividing 1974-1976 average production by estimated bearing acres. 
f~ Calculated by dividing 1974-1976 average total value of production by estimated bearing acres. 
_ Hood River data include pears produced in the following counties: Benton, Clackamas, Hood River, 

Lane, Linn, Marion, Polk, Umatilla, Washington, and Yamhi II. 
!l Medford data include pears produced in the following counties: Douglas, Jack son, and other counties. 
Source: Natural Resource Economics Division, Economics, Statistics, and Cooperatives Service, U.S. 

Department of Agriculture, Corvallis, Oregon. 



Table 20.--Estimated treated acres and costs of amitraz and alternative insect
control programs for pears in Oregon, Washington, and California 

Additional costs 
Cost of amitraz ~rogram 

Acres Estimated Amitraz Alternative 
of treated control control 

Area ~ears acres 1/ ~rogram !:../ ~rogram J:../ Per acre Area 1/ 
----------dollars/acre---------- doll ars 

Oregon 23,500 20,076 27.43 551,190 
Hood River 11,200 9,610 102.36 75.98 26.38 253,512 
Medford 12,300 10,489 76.70 48.32 28.38 297,678 

Washington 26,000 21,736 196.62 195.84 0.78 16,954 

Cal i fornia 41,500 12,840 54.93 41.50 13 .43 172,441 
Total 91,000 54,652 740,585 

jj Treated acres were estimated by the assumption that the bearing acres in 
Oregon and Washington, and 35 percent of the bearing acres in California, would be 
sprayed annually. See Table 19 for bearing and total acres. 

2/ Based on partial budgets, considering only materials and cultural 
practices that changed in the alternative insect-control programs. Partial 
budgets were developed by research and Agricultural Extension Service personnel 
in respective areas and are presented in the section titled: Estimated Cost of 
Ami traz and Alternatives. 

1/ Estimated treated acres multiplied by additional per-acre cost of amitraz program. 
Source: Natural Resource Economics Division, Economics, Statistics, and Coopera

tives Service, U.S. Department of Agriculture, Corvallis, Oregon. 

17 ,000 acres of Bartletts and 9,000 
acres of winter pears. Oregon has 
11 ,000 acres of Bartletts' and 12,500 
acres of winter pears. The average 
value of Bartlett and winter pears in 
the th ree States for 1974-.1976 was $75.4 
and $30.6 million, respectively, for a 
total value for all pears of $106 
million (Table 19). 

An estimated total of 54,700 acres 
of pears would be treated annually with 
amitraz (Table 20). Based on the 
partial budgets developed by research 
and Extension Service personnel, approx
imately 26,200 acres of pears would 
receive two applications of amitraz each 
year. Air carrier dilute and air 
carrier semi-concentrate sprays are the 
predominant methods of application for 
amitraz. With air carrier di lute 
sprayers, 1 • 1 to 1.5 lb active ingre
dient (a.i.)of amitraz (3 quarts 
to 1 gallon of 19.8 percent amitraz 

formulated as an emulsifiable concen
trate) in 200 to 400 gallons of water 
are applied per acre. With air carrier 
semi-concentrate sprayers, L 1 to 1.5 lb 
of amitr.az in 50 gallons of water are 
applied per acre. 

Estimated Use of Amitraz 

Based on the partial budgets devel
oped by research and Extension Service 
personnel, approximately 118,700 pounds 
of amitraz would be applied per year for 
pear psylla control in the pear orchards 
of Oregon, Washington, and California. 
About 60,200 pounds would be used in 
Oregon, 40,400 pounds in Washington, and 
18,100 pounds in California. 

Acres of pears needing one or more 
amitraz treatments were estimated, based 
on the assumptions that 35 percent of 
bearing acres in California and the 
bearing acres in Oregon and Washington 
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wo.uld be sprayed for pear psylla (Table 
20) (9,63,90,100). Amounts of amitraz 
to be appl ied per acre are based on 
the professional judgments of, and the 
partial budgets developed by, research 
and Extension Service personnel in the 
respective areas (3,59,89,97). £lased on 
these data and professional judgments, 
the following quantities of amitraz use 
were estimated: 

1. 	 Amitraz use in Oregon - 20,076 acres 
treated: 

20,076 acres x 2 applications of 1.5 
Ib of ami traz per acre = 60,228 Ib 
of amitraz. 

.2. 	 Amitraz use in Washington - 21,736 
acres treated: 

5,217 acres or 24 percent of acres 
x 2 appl ications of 1 .5 Ib of 
amitraz = 15,651 Ib of amitraz. 

16,519 acres x appl ication of 1.5 
Ib of amitraz = 24,779 Ib of 
amitraz. 

15,651 Ib + 24,779 Ib 
= 40,430 Ib of amitraz. 

3. 	 Amitraz use in California - 12#840 
acres treated: 

3,210 acres or 25 percent of acres 
x 2 applications of 1.125 Ib of 
amitraz = 7 ,223 Ib of amitraz. 

9,630 acres x 1 application of 1.125 
Ib of amitraz = 10,834 Ib of 
amitraz. 

7,223 Ib + 10,834 Ib 
= 18,057 Ib of amitraz. 

4. 	 Total use of amitraz - 54,652 acres 
treated: 

Oregon = 60,228 Ib 

Washington = 40,430 Ib 

Cal i forni a = 18~057 Ib 

118,715 Ib 

Estimated Cost of Amitraz 
and Alternatives 

Amitraz is more expensive than the 
alternatives • At the cu rrent price of 
amitraz ($38.50 per gallon), the addi
tional cost of using amitraz over the 
best alternative control program is 
$27.46 per acre in Oregon, $0.78 per 
acre in Washington, .and $13.43 per acre 
in California. Thus, with the use of 
amitraz ,growers would increase their 
total insecticide expenditures by 
$740,600 (Table 20). 

At present, amitraz is the sole 
effective material that is currentl y 
under consideration for registration for 
use as a summer control of pear psylla. 
Amitraz is a replacement for chlordime
form, which was voluntarily removed from 
the market by its manufacturers in 1976. 
A number of other insecticides have been 
applied in the absence of chlordimeform 
for summer treatments of pear psylla, 
but these insecticides are only par
tially effective at best (9,63,90, 
100). The insecticides are Thiodan®, 
Pyrenone®, Imidan®, Dithane® M-45, 
Guthion®, toxaphene, parathion, and 
z ineb. SlIbstantial quantities of laun
dry detergents and carwash soap have 
also been applied to pears to remove 
psyUa honeydew prior to harvest. 

At current prices, the costs of 
these alternatives are below the cost 
of amitraz (Table 20). The alternatives 
are not considered substitutes for ami
traz , however, because of their lack of 
efficacy (9,63,90,100). 

Partial budgets developed by 
research and Agricultural Extension 
Service personnel in the respective 
pear-growing areas are presented in t.his 
section (3,59,89,97) • The partial 
budgets were developed specifically to 
estimate cost differences between 
amitraz and alternative pear psylla 
control programs in each pear-growing 
area. The detail and completeness of 
the partial budgets vary from area to 
area. Therefore, the partial budgets 
cannot be used to compare insect control 
costs between pear-growing areas. 
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1. 	 Amitraz and standard treatment Orchard No. 2 
schedules and costs for Cornice and Delayed dormant plus 

Bosc pear varieties in the pear cover season applications only 

growing area of Medford, Oregon, 

in 1977, were as follows (89): (amitraz) 


Rate Cost 
of a. i. Total Date Material per acre 

Treatment applied cost 
Treatment dates per acre per acre 3/22 amitraz + 

oil $ 49.95 
amitraz June 7 1.5 Ib 7"/9 amitraz EC 38.35 
amitraz July 14 1.5 Ib 8/31 amitraz EC 38.35 

$76.70 
$126.65 

Thiodan® June 7 2.5 Ib 
Thiodan® July 14 2.5 Ib (Standard) 
zineb June 7 5.25 Ib 
zineb· July 14 5.25 Ib 3/22 Perthane® EC + 

$48.32 	 Thiod.an® EC + oil $ 47.28 
7/10 Imidan® + 

Additional cost of amitraz treatment Dithane® M-45 + 
= $28.38. Pyrenone® 32.82 

8/31 Thiodan® WP + 
Pyrenone® EC 23.85 

2. 	 Amitraz and standard treatment 
schedules and costs for pears in the $103.95 
growing area of Hood River, Oregon, 
were as follows (97): Additional cost of amitraz treatment 

= $22.70. 
Orchard No. 1 -

Cover season applications only 
Orchard No. 3 

(amitraz) Cover season applications only 
Cost 

Date Material per acre (amitraz) 

5/18 Imidan® WP + 	 Cost 
Manzate® 200 $ 27.02 Date Material per acre 

7/19 amitraz EC 38.35 
8/.9 amitraz EC 38.35 6/30 amitraz EC $ 38.35 

8/1 amitraz EC 38.35 
$103.72 

(Standard) $ 76.70 

5/17 Imidan® WP + (Standard) 
t.1anz ate® 200 $ 27 .0.2 

7/9 Imidan® WP + 6/30 Imidan® WP + 
Manzate® 200 27.0.2 Dithane® M-45 WP $ 22.24 

8/9 Thiodan® WP + 8/1 Thiod.an® WP + 
Pyrenone® EC 23.85 Pyrenone® EC 23.85 

$ 77.89 	 $ 46.09 

Additional cost of amitraz treatment Additional cost of amitraz treatment 
= $25.83.• 	 = $30.61. 
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Average additional cost of amitraz b. Amitraz program, consisting of 
treatment for three orchards is: two applications of amitraz and 

assumed adequate for 24 percent 
amitraz - (3) of pear acreage: 

$103.72 
+ 126.65 	 Spray Cost 
+ 	 76.70 timing Materials per acre 
= $307.07 : 3 = $102.36 

Dormant Perthane® 4 Ib/ gal EC 
Standard - + Thiodan® 3 Ib/ 

$ 77.89 gal EC + oil $ 42.89 
+ 103.95 
+ 46.09 Delayed 
= $227.93 + 3 = $ 75.98 dormant Same as above 42.89 

Additional cost Pre-pink Morestan® 50 WP + 
of amitraz treatment = $ 26.38 ethion 50 'liP 28.50 

3. 	 Amitraz and standard treatment Petal fall Dithane® M-45 13 .14 
schedules and costs for pears in the 
pear-growing area of Washington in Second 
1977 were as follows (3): cover amitraz 1.5 lb/ 

gal 	EC 38.50 
a. 	 Amitraz program consisting 'of Third 

one application of amitraz cover amitraz 1.5 Ib/ 
during season, and assumed gal EC 38.50 
adeq uate for 56 percent (3) of $204.42 
pear acreage: 

c. Alternate program used on about 
Spray Cost 20 percent (3) of pear acreage: 
timing Materials per acre 

Spray Cost 
Dormant 	 Perthane® 4 Ib/ timing Materials per acre 

gal EC + 
Thiodan® 3 Ib/ Dormant Perthane® + Thiodan® 
gal EC + oil $ 42.89 + oil $ 42.89 

Delayed Delayed 
dormant Same as above 42.89 dormant Same as above 42.89 

Pre-pink Morestan® 50 WP 	 Pre-pink Morestan® + ethion or 
+ ethion parathion 25 WP 28.50 
50 WP 28.,50 

Petal fall Dithane® M-45 13.14 
Petal 

fall Dithane® M-45 13 .14 Second 
cover Dithane® M-45 :+- Guth

Second ion® or Thiodan® 27.64 
cover ,Dithane® M--45 :+-

Guthion® 50 WP Third 
or Thiodan® cover Dithane® M-45 13.14 
50 WP 27.64 

Fourth 
Third cover Dithane® M-45 + 

cove,r amitraz 38.50 Guth,ion® 27.64 
$193.56 $195.8LJ 
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For comparison purposes, composite cost 
of amitraz program was calculated as 
follows: 

Single application of amitraz 
= $193.56 x .56 = $108.39 

Two applications of amitraz 
= $204.42 x .24 = $ 49.06 

Alternate program 
= $195.84 x .20 = $ 39.17 

$196.62 

Amitraz program = $196.62 
Alternate program = $195.84 
Additional cost of 

amitraz program = $ 0.78 

4. 	 Amitraz and standard treatment 
schedules and costs for pears in the 
pear-growing areas of California in 
1977 were as follows (59): 

a. 	 Amitraz program, consisting of 
one application of amitraz dur
ing season, and assumed adequate 
for 75 percent (59) of pear 
acreage: 

Spray timing Material Cost per acre 

Dormant Oil, 6 gal/acre $ 9.18 
App! ication 4.50 

Summer ami traz, 
1.125 Ib/acre 28.50 

Appl ication 4.50 
Total $46.68 

b. 	 Amitraz program, consisting of 
two applications of amitraz 
during season, and assumed 
adeq uate for 25 percent (59) of 
pear acreage: 

Spray timing Material Cost per acre 

Dormant Oil, 6 gal/acre $ 9.18 
Appl ication 4.50 

First 
summer amitraz, 

1 • 125 Ib / acre 28.50 
Appl ication 4.50 

Second 
summer amitraz, 

1.125 Ib/acre 28.50 
Appl ication 4.50 

Total $79.68 

c. 	 Alternate program is estimated 
as a composite of various pro
grams used by growers in 1977. 

Percent 
Cos t of acres Com

Spray per receiving posite 
timinq Material acre treatment cost 

Dormant 
Oil,S gal/acre 

$ 9.18 
Appl icat i on 4.50 

Total $13.68 80 $10.95 
Dormant 

Perthane®, 1 gal/acre 
$23.13 

Appl ication 4.50 
Total $27.63 35 $ 9.67 

Dormant 
Morestan®, 1 gal/acre 

$24.00 
Appl ication 4.50 

Total $28.50 5 $ 1.43 
Summer 

Supreme oi I, 2 gal/acre 
$ 8.00 

AJ:.plication 4.50 
Total $12.50 50 $ 6.25 

Summer 
Two applications of Supreme oil, 
2 gal/acre $16.00 
Application 9.00 

Total $25.00 30 $ 7.50 
Summer 

Dithane® M-45, Thiodan®, Guth
ion®, toxaphene, or parathion 
and oil $24.00 
Appl 	ication 4.50 

Total $28.50 20 $ 5.70 
Total Composite Cost per Acre $41.50 

For comparison purposes, composite cost 
of amitraz program was calculated as 
follows: 

Single application of amitraz 
= $46.68 x .7 5 = $35.01 

Two appl ications of amitraz 
= $79.68 x .25 = $19.92 

$54.93 

Ami traz program $54.93 
Composite alternate program $41.50 

Additional cost of 
amitraz program $13.43 
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Use I'" Impacts 

The lack of an effective summer 
control for pear psylla, such as ami
tra2;, would have immediate effects on 
returns to growers for pears, and lead 
to reductions in pear production in 
future years. The effects on returns in 
1977 are shown in Table 21. Based on 
the test plot data, returns to pear 
growers would have been reduced 
$3,728,300 if amitraz had not been 
available. Approximateiy 60 percent, or 
$2,251,700, of the loss was the result 
of the downgrading of pears from U.S. #1 
to U.S. #2. The remaining 40 percent of 
the loss, or $1,476,600, was due to an 
increase in cull or nonmarketable pears. 
Some cull pears are utilized for juice, 
but returns to growers are near zero for 
culls, and sometimes growers are billed 
for packinghouse costs that exceed the 
value of the pears for juice. No 
changes in yield per acre in terms of 
orchard-run pears were measured in 1977 
in any of the pear-growing areas. Step
by-step procedures used in calculating 
the 1977-1981 I.osses are presented in 
the section titled: Calculations Used 
in Estimating Economic Impacts. 

Test plots in two of the pear
growing areas, California and Hood 
River, Oregon, showed no differences in 
losses due to pear psylla between the 
amitraz and alternative spray programs 
in 1977. Agricultural specialists in 
the areas felt that the test plot 
results were atypical (63,100). The 
lack of a difference between amitraz and 
alternative treatments was attributed to 
low pear psylla populations in the test 
plots, and late availability of amitraz 
(63,100). Differences between the 
amitraz and alternative control programs 
in other producing areas may be smaller 
than would have occurred had amitraz 
been available at the beginning of the 
normal spray season (9,90). For these 
reasons, use of the test plot data to 
estimate 1977 losses may understate 
estimates of expected losses that would 
occur without amitraz (9,63,90,100). 

Expected losses for 1978-1981 are 
based on interpretations -of the 1977 
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test plot data, previous experience 
with ineffective insecticides, trends 
in damage as pear psylla populations 
increase, and the professional judgment 
of agricultural specialists in the 
respective areas (9,63,90,100). The 
impact of not having an effective summer 
control for pear psylla, such as 
amitraz, would begin to be felt in the 
first growing season, and would worsen 
each year thereafter. As populations of 
pear psylla increase, russeting on the 
fruit increases, causing downgrading and 
a decrease in value of fruit marketed. 
High populations of pear psylla one year 
will weaken trees and cause bud damage, 
which results in reduced fruit set and 
poor tree growth the following year. 
Pear psylla introduce a toxin into the 
trees while feeding, which damages the 
graft union of certain rootstock -scion 
combinations, resulting in a weakening 
of the root system. Continued heavy 
infestations of pear psylla over several 
years will kill some trees and leave 
others so weak that they are not produc
tive (8). Pear psylla also transmits a 
mycoplasma that causes decline or death 
of infected trees (95). Experimental 
data from pear-growing areas in the 
Eastern United States indicate that 
pear psylla can inoculate trees with the 
organism causing fire blight, a bac
terial infection of pear trees (95). 
The higher the population of pear 
psylla, the greater would be the chance 
for spread of this infection. Fire 
blight is a destructive disease in the 
three western pear-growing States. 

In addition, presence of pear 
psylla at harvest time creates a gooey 
situation for pickers and ca.uses labor 
turnover and less production per 
worker-day. Russet damage in a lot of 
pears makes the pears more difficult to 
sell and damages the image of the seller 
in the wholesale trade. Often the pears 
are rejected by the consumer, which 
reduces the chances of repeat sales to a 
chain store or broker. All of these 
factors result in lower returns to the 
grower (35,36). 

Estimated decreases in returns in 
1978-1981 are presented in Table 22. 



Table 21.--Estimated decrease in oroduction and value of pears due to pear psylla damage in 1971, test plot data,
generalized to pear industry, Oregon, Washington, and California 

Area and Average productionll 
Decrease--in 19T7- due

2
10 

eear esylla dama~ Loss due to change in Total 
p~ar variety Product ion Value per tonl7 Product ion Valu~1 loss 

---------------tons-------------- -----------------------~I lars----------------------------

Or~ 184,000 0 t~J 0 932,600 932,600 
Bartlett 77 ,667 238,600 238,600 
Winter 106,333 0 NA 0 694,600 694,600 

Hood River 104,017 0 0 0 0 0 
Bartlett 43,217 0 0 0 0 0 
Winter 60,800 0 0 0 0 0 

tv1edford 79,983 0 r-t-\ 0 932,600 932,600 
Bartlett 34,450 0 r-t-\ 0 238,00"0 238,000 

Fresh 6,952 0 34.32 0 238,000 238,000 
Processed 27 ,498 0 0 0 0 0 

Winter 45,533 0 15.25 0 694,600 694,600 

Washington 223,100 11 ,484 r-t-\ 1,476,600 1,318,500 2,795,100 
Bartlett 133,300 10,651 1,348,800 I 783,200 2,132,000t""Fresh 41,560 3,321 20.48 388,6001 783,200 1, 17 1,800 

Processed 91,740 7,330 0 960, 20~11 (j 960,200 
Winter 89,800 835 6.02 127,800_ 535,300 663,100 

Cal i forni a 325,916 0 0 0 0 0 
Bartlett 316,333 0 0 0 0 0 
Winter 9,583 0 0 0 0 0 

Total 733,016 11,484 NA 1,476,600 2,251,700 3,728,300 
Bart Iett 527 ,300 10,651 Nl\ 1,348,800 1,021,800 2,370,600 
Winter 205,716 835 r-t-\ 127 ,800 1,229,900 1,357,700 

1I Taken from Table 19. 
21 Based on test plot data supplied by Agricultural Extension Service personnel in respective areas (3,59,89, 

97T. 
11 Estimated change in weighted average value due to pears being downgraded because of pear psylla damage.
41 NA = Not applicable. 
!JI Decrease in marketable pears (increase in cull pears) due to pear psylla damage times 1974-1976 weighted 

average value per ton of fancy pears. 
61 Decrease in marketable pears (increase in cull pears) due to pear psylla damage times 1974-1976 weighted 

average value per ton of canning pears. 
7 I Nonmarketable production due to pear psylla damage times 1974-1976 weighted average value per ton. 
"Source: Natural Hesource Economics Division, Economics, Statistics, and Cooperatives Service, U.S. Department 

IN of Agriculture, Corvallis, Oregon. 
W 



Table 22.--Estimated decrease In value or pears due to pear psyUa damage if an effective summer cortrol such as amitraz is 
unavailable in 1978, 1979, 1980, and 1981, Oregon, Washington, and California..!. 

197831 197931 198031 198111 
w Area Loss due to Loss due to Loss due to Loss due to 
~ 

and pear 1974-197611 change in Total change in Total change in Tota I change in Total 

variety Average value Production Value loss Production Value loss Production Value loss Production Va I ue loss 

---------------------------------------------thousand dol lars-----------------------------------------------------

Oregon 25,797 169 2,338 2,506 1,499 3,250 4,748 1,667 3,547 5,214 1,835 3,600 5,436 
Winter 15,312 99 1,622 1,721 1,068 1,982 3,050 1,166 2,036 3,203 1,265 2,087 3,353 

Hood River 14,528 o 986 986 1, 161 1,395 2,556 1, 161 1,396 2,557 1, 161 1,395 2,556 
Bartl ett 5,834 o 117 117 292 222 513 292 222 514 292 222 513 
Winter 8,694 o 869 869 869 1,174 2,043 869 1,174 2,043 869 1,173 2,043 

Medford 11,253 169 1,352 1, 521 337 1,758 2,096 506 2, 151 2,657 674 2,531 3,205 
Bart I ett 4,651 70 599 669 139 950 1,089 209 1,289 1,498 278 1,617 1,895 

Fresh 1,175 18 258 276 35 278 313 53 296 349 70 314 384 
Processed 3,465 52 341 393 104 672 776 156 993 1, 149 208 1,303 1 , 511 

Winter 6,602 99 753 852 198 808 1,006 297 862 1, 159 396 914 1,310 

Washington 32,134 2,624 337 2,962 2,835 364 3,199 3,061 393 3,454 3,306 425 3,731 
Bartl ett 18,395 1,319 170 1,490 1,425 184 1,609 1,539 199 1,738 1,662 215 1,877 

Fresh 358 170 528 386 184 571 417 199 616 451 215 666 
Processed 961 o 961 1,038 o 1,038 1, 121 o 1 , 121 1,211 o 1 ,211 

Winter 13,739 1,305 167 1,472 1,410 180 1,590 1,522 194 1,717 1,644 210 1,854 

California 48,034 336 823 1,159 672 1,614 2,286 1,009 2,371 3,380 1,345 3,094 4,439 
Bart Iett 46,501 325 797 1,122 651 1,562 2,213 977 2,295 3,272 1,302 2,995 4,297 
Winter 1,533 11 26 37 21 52 73 32 76 108 43 99 142 

Total 105,965 3,129 3,498 6,627 5,005 5,228 10,233 5,737 6,310 12,047 6,486 7,44513,931 
Bart Iett 75,381 1,714 1,6833,397 2,507 3,014 5,521 3,016 4,004 7,020 3,534 5,048 8,582 
Winter 30,584 1,415 1,815 3,230 2,il98 2,214 4,712 2,721 2,306 5,027 2,952 2,3975,349 

JJ Data may not add due to rounding. 

21 Taken from Table 19.

II Detailed calculations used in estimating losses are presented in the section titled: Calculations Used in Estimating 


Economic Impacts. 
Source: Natural Resource Economics Division, Economics, Statistics, and Cooperatives Service, U.S. Department of 

Agriculture, Corvallis, Oregon. 



Estimates of losses due to pear psylla 
are presented for both changes in 
production and changes in the value of 
pears. Losses due to changes in produc
tion include losses due to increased 
culls and production decreases due to 
weakened and dead trees. Losses due to 
changes in value are losses incurred 
because of the lower' price received for 
pears downgraded due to pear psylla 
inJury. Losses due to a change in value 
are larger than production losses, and 
increased from $3.5 million in 1978 to 
$7.4 million in 1981. Production losses 
are expected to increase from $3.1 mil
lion in 1978 to $6.5 million in 1981. 
Total losses will increase from $6.6 
million in 1978 to $13.9 million in 
1981. Detailed calculations involved in 
making these estimates are presented in 
the section titled: Calculations Used 
in Estimating Economic Impacts. 

To evaluate these expected revenue 
losses, it is necessary to express each 
year's loss in terms of value as a base 
year. This is accomplished by dis
counting the estimated future revenue 
losses and reduced spray costs without 
amitraz back to a present value for 
1977, using a rate of 7 percent. This 
is a reasonable procedure, because $1 
loss in 1978, or any future year, is 
worth less to a grower than $1 loss in 
1977 . 

Reductions in the total value of 
pears (given current prices) from 
increased downgrading, increased cull 
and nonmarketable pears, and lower 
production of pears due to pear psylla 
damage are expected to be $6.2 million, 
$8.9 million, $9.8 million, and $10.6 
million at the end of the first, second, 
third, and fourth years, respectively, 
without amitraz. The losses would be 
offset somewhat by the lower cost of 
the alternative, less effective, insect
control programs (Table 20). When lower 
costs of alternative control programs 
are considered, the impacts on net 
present income to growers from the lack 
of an effective summer control for pear 
psylla, such as amitraz, are ceteris 
paribus: 

Discounted to 1977: 
Decrease in 

End Reduced insect-control 
of grower costs without Total 

Year: revenue amitraz impact 

1 $ 6,193,000 $692,000 $ 5,501,000 
2 8,938,000 647,000 8,291,000 
3 9,834,000 605,000 9,229,000 
4 10,628,000 565,000 10,063,000 

It is stressed that these impact esti 
mates assume ceteris paribus conditions 
in the pear industry; however, reduc
tions in the quantities of U.S. #ls 
marketed, increases in culls, and lower 
overall production of pears of the 
magnitude projected in this analysis 
would lead to overall revenue gains for 
pear growers not affected by pear 
psylla, and would offset, to some 
degree, the user impact resulting from 
reduced quality and production on the 
acreage currently needing amitraz • If, 
however, losses of the magnitude indi
cated are permitted because of the lack 
of an adequate control for pear psylla, 
the affected pear orchards could 
eventually be uprooted and planted to 
more profitable crops. 

Calculations Used in Estimating 
Economic Impacts 

E!artlett Pears in Growing Areas of 
Medford, Oregon 

The estimated economic impact of a 
lack of an effective summer control for 
pear psylla, such as amitraz, for use by 
E!artlett pear producers in the growing 
area of Medford, Oregon, is based on the 
following assumptions, procedures, and 
conclusions: 

1. 	 Data in Table 19 are the best 
estimate of the current acres, 
production, and value of pears for 
the pear-growing areas of Medford, 
Oregon. All prices and produc
tion in subsequent analysis were 
forced to approximate estimates in 
Table 19; that is, the estimates 
were used as control numbers for 
data from all sources. 
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w Table 23.--Production, utilization, price, and value of Bartlett pears, Oregon and Wahington 

Price per fon 
~ 

Value ofProduction Utilization.!.! 
Processed, utilized 

Year Total Utilized Fresh Processed 1:.,1 Fresh Canned..!} exce~t dried All ~roduction 
----------------tons---------------- ---------------------dollars------------ thousana

Or-egon dollars 
19.72 51,000 51,000 13,000 38,000 176 105 103 122 6,222
1973 73,000 73,000 20,000 53,000 138 115 109 117 8,541
1974 64,000 64,000 15,000 49,000 188 166 157 164 10,496
1975 79,000 79,000 17,000 62,000 128 123 113 116 9,16Ll 
1976 80,000 80,000 13,000 67,000 174 99 111 8,880
1974-1976 avg 74,333 74,333 15,000 59,333 161 120 120 128 9,513
WaShington
1972 101,000 99,000 39,000 59,900 162 105 103 126 12,474
1973 127,500 123,500 38,000 85,500 152 123 123 132 16,302
1974 125,500 125,500 35, 100 90,400 190 169 163 171 21,461
1975 133,500 133,500 50,700 82,800 123 128 120 121 16, 154 
1916 140,000 140,000 38,600 101,400 166 122 116 130 18,200
1974-1976 avg 133,000 133,000 41,467 91,533 155 133 133 140 18,605 

11 Data not published for some States, to avoid disclosure of individual operations, but included in total. 
21 Mostly canned; includes small auantities dried and other uses not published by State to avoid disclosure 

ofIndividual operations (tons): Bartlett, 1974 - 18,200; 1975 - 17,300; 1976 - 38,100. Other: 1974 - 31,380; 
1975 - 23,850; 1976 - 30.300. Source: U.S. Department of Agriculture, Statistical Reporting Service, Crop
Reporting Board, Noncitrus Fruits and Nuts Annual, January T977. 
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However, gradeout of Bartlett pears 
does not reflect the distribution of 
pears being marketed by grade. A 
significant number of the packers 
share ownership in canneries, or 
have other arrangements that allow 
them to can their fancy and cull 
pears. Therefore, the Bartlett 
pear!) actually shipped for fresh 
market grade approximately 95 
percent extra fancy and 5 percent 
fancy. Also, because the fancy and 
culls are sent to the cannery, it is 
hypothesized that their lower value 
is not reflected in the fresh market 
price reported in the published 
statistics, but is included with the 
canning statistics. The procedure 
used to estimate prices by grade as
sumes that this hypothesis is true, 

7. 	 The sample fresh market Bartlett 
pear price data collected in the 
Medford area could not be satisfac
torily reconciled to the published 
Bartlett pear price statistics. The 
published and sample data could not 
be compared because of the uncer
tainty of how the value for fancy 
and cull pears was incorporated into 
published fresh market price. (The 
sample data implied grower receipts 
for fresh market pears of $108 per 
ton, compared with $169 implied by 
the published data.) Therefore, the 
assumption was made that the price 
spread found in fresh market 
Bartlett pears in Vvashington would 
be simi lar to the price spread that 
could be expected in Oregon. Using 
the hypothesis defined in procedure 
6 and the Washington price as a 
base, we estimated Oregon prices, by 
grade, as follows: 

Washington 

price 


Extra 

fancy $4.4785 x .95 = $4.2546 

Fancy 2.847 x .045 = 0.1282 
Culls 0.48 x .005 = 0.0024 

$4.3851/box 

$4.3851 x 41.66 = $182.68/ton 

$169.00 + $182.68 = .92512 

Extra fancy 
$4.4785 x .92512 
= $4.143 x 41.66 
= $173.00 x .95 = $164.35 

Fancy 
$2.847 x .92512 
= $2.634 x 41.66 
= $110.00 x .045 = $4.95 

Culls 
$0.48 x .92512 
= $0.444 x 41.66 
~ $18.50 x .005 = $0.09 

$169.39 

Adopted estimated prices, by grade, 
per box and per ton, are as follows: 

Box x 41.66 Ton 
Extra fancy $4.143 $173.00 
Fancy 2.634 110.00 
Culls 0.444 18.50 

8. 	 Interpretation of test plot data. 
Test plot data were as follows: 

Number Percent 
of of 

Control fruit fruit in class 
program examined Extra fancy Fancy Culls 

amitraz 862 95.0 4.5 0.5 
Alterna 764 54.3 27.4 18.3 
tive 

Note: The test plot data were collected 
on Cornice pears. They are 
appiied to the Bartlett pears 
because no tests were conducted 
on Bartlett pears. Agricultural 
professionals (90) in the Medford 
area felt that pear psylla damage 
in Cornice and Bartlett pears 
would be similar. 

a. 	 Estimated value of fruit on 
amitraz test plot, general
ized to fresh market Bartlett 
pear industry in the Medford 
area, is as follows: 

Extra fancy tons 
6,952 x .95 = 6,604 x $173 = $1,142,492 
Fancy 
6,952 x .045 = 313 x $110 = 34,430 
Culls 
6,952 x .005 = 35 x 18.50 = 648 

6,952 $1,177 ,570 
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b. Estimated effect of downgrading 
on alternative 
general ized to 
Bartlett pear in
Medford area, is: 

control 
fresh 
dustry 

plot, 
market 
in the 

Extra fancy tons 
6,952 x .543 = 3,775 )( $173 = $653,075 
Fancy 
6,952 x .274 = 1,905 x $110 = $209,550 
Cuils 
6,952 x .183 = 1,272 

636 x $18.50 = $ 11,766
63~/ x $102.5~1 = $ 65,190 

$939,581 

c. 	 Estimated value of damage due 
to alternative control versus 
amitraz treatment, generalized 
to fresh market Bartlett pear 
industry in Medford area, is: 

$1,177,570 - $939,581 = $237,989. 

9. 	 No economic loss was identified for 
processing Bartlett pears in the 
r.1edford area in 1977. 

10. 	 Estimated losses in Bartlett pears 
from pear psylla damage for 1978 to 
1981 were based on the following 
assumptions made by agricultural 
special ists (90,91) in the Medford 
area. 

a. 	 Tree loss due to pear psylla 
will be in the neighborhood of 
1.5 	percent per year. 

b. 	 Fruit quality losses estimated 
for 1977 wi II increase at a 
rate of 10 percent per year. 

11. 	 Fresh market Bartlett pear produc
tion loss due to tree loss in 
1978-1981 was estimated as follows: 

!:.../ Assumed that 50 percent of culls 
can be diverted to canning. 

3/ Estimated by using ratio of 
prices received for Fancy canning pears 
over field-run canning pears times 
processing price, that is, $2.40 + $2.95 
= .81355.9 x $126 = $102.50. Fancy and 
field-run canning prices obtained from 
sample data in Medford area. 

tons 
1978 = 6,952 x .015 

= 104 x $169 = $17,576 
1979 = 6,952 x .03 

= 209 x $169 = $35,321 
1980 = 6,952 x .045 

= 313 x $169 = $52,897 
1981 = 6,952 x .06 

= 417 x $169 = $70,473 

12. 	 Processed Bartlett pear production 
loss due to tree loss in 1978-1981 
was estimated as follows: 

tons 
1978 = 27,498 x .015 

= 412 x $126 = $51,912 
1979 = 27,498 x .03 

= 825 x $126 = $103,950 
1980 = 27,498 x .045 

= 1,237 x $126 = $155,862 
1981 = 27,498 x .06 

= 1,650 x $126 = $207,900 

13. 	 Fresh market Bartlett pear quality 
losses were estimated for 1978-1981 
as a factor of the 1977 loss of 
$34.32 as follows: 

1978 = $34.32 x 1.1 = $37.75 
x (6,952 - 104 = 6,848) tons 
= $258,512 

1979 	= $34.32 x 1.2 = $41.18 
x (6,952 - 209 = 6,743) tons 
= $277 ,677 

1980 	= $34.32 x 1.3 = $44.62 
x (6,952 - 313 = 6,639) tons 
= $296,232 

1981 	 = $34.32 x 1.4 = $48.05 
x (6,952 - 417 = 6,535) tons 
= $314,007 

14. 	 Processed Bartlett pear quality 
losses were estimated as follows: 

tons tons 
1978 	 = 27,498 - 412 = 27,086 x 0.1 

= 2,709 x $126 = $341,334 
1979 	= 27,498 - 825 = 26,673 x 0.2 

= 5,335 x $126 = $672,210 
1980 	 = 27,498 1,237 

- 26,261 x 0.3 
= 7,878 x $126 = $992,628 

1981 	 = 27,498 - 1,650 
= 25, 848 x 0.4 
= 10,339 x $126 = $1,302,714 
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Winter Pears inGrowing Areas 
of Medford, Oregon 

The estimated economic impact of a 
lack of an effective summer control for 
pear psylla, such as amitraz, for use by 
winter pear producers in the growing 
areas of Medford, Oregon, is based on 
the following assumptions, procedures, 
and conclusions: 

15. 	 Data in Table 15 are the best 
estimate of the cut rent acres, 
production, and value of pears for 
the pear-growing areas of Medford, 
Oregon. All prices and production 
in subsequent analysis were forced 
to approximate estimates in Table 
19; that is, the estimates were 
used as control numbers for data 
from all sources. 

16. 	 The above gave the following 
control values: 

a. 	 Weighted average price 
$145/ton 

b. 	 Total production - 45,533 tons 
c. 	 Total value - $6,602,000 

17. 	 To determine price, by grade, for 
winter pears, a 28 percent sample 
of the total Bosc, Cornice, and 
d'Anjou pears shipped in 1974, 
1975, and 1976, by grade and size, 
was obtained from Dr. John A. 
Edwards, Agricultural Economist, 
Agricultural and Resource Economics 
Department, Oregon State Univer
sity. Also, prices received, by 
size and grade, by a winter pear 
shipping pool in the f.ledford area, 
were obtained for 1974, 1975, and 
1976. From these data the weighted 
average prices for Bosc, Cornice, 
and d'Anjou pears, by grade, were 
calculated. The 1974-1976 weighted 
average quantities and values in 
the samples were as follows: 

Variety Price 
& grade Boxes Value Per box Per ton 
Bosc pears --------dollars-------- 
U.S.#l 253,901 1,166,616 4.595 191.43 
Fancy 27,866 91,538 3.285 136.85 
Total 281,767 1,258,154 4.465 186.01 

Variety 	 Price 
& gradE:: Boxes Value Per box Per ton 

Cornice pears --------dollars-------- 
U.S.#l 7,286 33,556 4.606 191.89 
Fancy 1,695 3,381 1.995 83.11 
Total 8,981 36,937 4.113 171.35 

Variety Price 
& grade Boxes Value Per box Per ton 
d'Anjou pears --------dollars-------- 
U.S.#l 218,612 519,643 2.377 99.03 
Fancy 27,228 44,033 1.617 67.36 
Total 245,840 563,676 2.293 95.53 

Variety Price 
& grade Boxes Value Per box Per ton 
AI I winter pears--------dollars---------
Bosc 281,767 1,258,154 4.465 186.01 
Cornice 8,981 36,937 4.113 171.35 
d'Anjou 245,840 563,676 2.293 95.53 
Total 536,588 1,858,767 3.464 144.31 

Calculated weighted average price 
from sample data for all pears is 
$145. Prices calculated from 
sample data, by variety and grade, 
were adopted for use in the analy
sis. A price of $20 per ton for 
culls was assumed. 

18. 	 Interpretation of test plot data. 

Test plot data were as follows: 


Number Percent 
Control of frui t fruit in class 
program exami ned U.S. #1 Fancy Cull 

Cornice pears 
amitraz 862 95.0 4.5 0.5 
Alterna- 764 54.3 27.4 18.3 

tive 

Bosc pears 
amitraz 606 98.7 1.3 0.0 
Alterna- 682 88.6 8.2 3.2 
tive 

Note: No test plot was established in 
a d'Anjou orchard. The results 
from the test plot in Cornice 
pears were applied to d'Anjou 
pears. Agricultural profes
sionals (90) in the Medford area 
felt that pear psylla damage in 
Cornice and d'Anjou pears would be 
similar. 
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a. 	 Estimated value of winter 
pears on amitraz test plots, 
generalized to the winter pear 
sample data in the Medford 
area, is as follows: 

Cornice Pears - Amitraz Treatment 
and Sample Production Data 

tons 

U.S.#l 

215.6 x .95 = 204.8 x $191.89 = $39,299 
Fancy 
215.6 x .045 = 9.7 x $83.07 = $806 
Culls 
215.6 x .005 = 1.1 x $20.00 = $22 

215.6 x $186.12 = $40,127 

d'Anjou Pears - Amitraz Treatment 
and Sample Production Data 

tons 
U.S.#l 
5,901 x .95 = 5,606 x $99.03 = $555,162 
Fancy 
5,901 x .045 = 265 x $67.36 = $17,850 
Culls 
5,901 x .005 = 30 x $20.00 = $600 

5,901 x $97.21 = $573,612 

Bosc Pears - Amitraz Treatment 
and Sample Production Data 

tons 
U.S.#l 
6,763 x .987 = 6,675 x $191.43 

= $1,277,795 
Fancy 
6,763 x .013 = 88 x $136.85 = $12,042 

Culls 
6,763 x .0 = 0 x $20.00 = $0 

6,763 x $190.72 
= $1,289,837 

Calculated value of winter pear 
sample, using grade percentages 
measured on amitraz control 
plot, is $1,903,576. 

b. 	 Estimated value of winter 
pears on alternative control 
test plots, generalized to 
the winter pear sample data 
in the Medford area, is as 
follows: 

Cornice Pears - Alternative 
Treatment and Sample Production Data 

tons 
U.S.#l 
215.6 x .543 = 117.1 x $191.89 = $22,470 
Fancy 
215.6 x .274 = 59.1 x $83.07 = $4,909 
Culls 
2.15.6 x .183 = 39.4 x $20.00 = $788 

215.6 x $139.64 = r28~167 

d'Anjou Pears - Alternative 
Treatment and Sample Production Data 

tons 
U.S.#l 
5,901 x .543 = 3,204 x $99.03 = $317,292 
Fancy 
5,901 x .274 = 1,617 x $67.36 = $108,921 
Culls 
5,901 x .183 = 1,080 x $20.00 = $21,600 

5,901 x $75.89 = $447,813 

Bosc Pears - Alternative Treatment 
and Sample Production Data 

tons 
U.S.#l 
6,763 x .886 = 5,992 x $191.43 

= $1,147,049 
Fancy 
6,763 x .082 = 555 x $136.85 = $75,952 
Culls 
6,763 x .032 = 216 x $20.00 = $4,320 

6,763 x $181.47 
= $1,227,321 

Calculated value of winter pear 
sample, using grade percent
ages, measured on alternative 
control plot, is $1,703,301. 

c. 	 Percent decrease in value of 
winter pears in sample, due to 
alternative control versus 
amitraz treatment, is: 

$1,903,576 - $1,703,301 = $200,275 

$200,275 + $1,903,576 = 10.521 percent 

19. 	 Percent decrease in value of winter 
pears in sampt~, generalized to 
winter pear industry in growing 
areas of Medford, Oregon, gives a 
decrease in value of: 

$6,602,000 x .10521 = $694,596 
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20. 	 Estimated losses in winter pears 
from pear psyJ!a damage for 1978
1981 were based on the follow i ng 
assumptions made by agricultural 
special ists (90,91) in the Medford 
area: 

a. 	 Tree loss due to pear psylla 
will be in the neighborhood of 
1.5 	percent per year. 

b. 	 Fruit qual ity losses estimated 
for 1977 will increase at a 
rate of 10 percent per year. 

21. 	 Winter pear production losses due 
to tree loss in 1978-1981 were 
estimated as follows: 

tons 
1978 = 45,533 x .015 

= 683 x $145 = $99,035 
1979 = 45,533 x .03 

= 1,366 x $145 = $198,070 
1980 = 45,533 x .045 

= 2,049 x $145 = $297,105 
1981 = 45,533 x .06 

2,732 x $145 = $396,140 

22. Winter pear qual ity. losses were 
estimated for 1978-1981 as a factor 
of the 1977 loss of $15.25 as 
follows: 

1978 	= $15.25 x 1.1 = $16.78 
x (45,533 - 683 = 44,850) tons 
= $752,583 

1979 = $15.25 x 1.2 = $18.30 
x (45,533 - 1,366 = 44,167) tons 
= $808,256 

1980 = $15.25 x 1.3 = $19.83 
x (45,533 - 2,049 = 43,484) tons 
= 862,288 

1981 	 = $15.25 x 1.4 = $21.35 
x (45,533 - 2,731 = 42,802) tons 
:= 913,823 

Bartlett Pears in Growing Areas 
of Hood River, Oregon 

The estimated economic impact of a 
lack of an effective summer control for 
pear psylla, such as amitraz, for use by 
Bartlett pear producers in the Hood 
River, Oregon growing area, is based on 
the following assumptions, procedures, 
and conclusions: 

23. 	 Data in Table 19 are the best 
estimate of the current acres, 
production, and value for pears 
for the pear-growing area of Hood 
River, Oregon. All prices and 
production in subsequent analysis 
were forced to approximate esti 
mates in Table 19; that is, the 
estimates were used as control 
numbers for data from all sources. 

24. 	 The above gave the following 
control values: 
a. 	 Weighted average price - $135 
b. 	 Total production - 43,217 tons 
c. 	 Total value - $5,834,000 

25. 	 No test plots were established in 
Bartlett pear orchards in the Hood 
River area in 1977. Test plots in 
d'Anjou pear orchards showed little 
pear psylla damage in either ami
traz or alternative control plots. 
Agricultural specialists (100) 
observed Iittle pear psylla damage 
anywhere in the pear-growing area 
around Hood River. Therefore, no 
economic losses were estimated for 
Bartlett pears in 1977. 

26. 	 Estimated losses in Bartlett pears 
from pear psylla damage for 1978
1981 were based on the following 
'tlssumptions made by agricultural 
specialists (98,100) in the Hood 
River area: 

a. 	 Production loss due to tree 
injury will be zero in 1978 
and average 5 percent for 
1979-1981. 

b. 	 Fruit quality losses will be 2 
percent in 1978 and average 4 
percent for 1979-1981. 

27. 	 Bartlett pear production losses due 
to tree injury in 1978-1981 were 
estimated as follows: 

1978 	= 43,217 tons x .0 = 0 

1979-1981 = 43,217 tons x .05 
= 2,161 tons x $135 = $291,735 

28 c 	 Bartlett pear qual ity losses were 
estimated for 1978-1981 as follows: 
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1978 	= 43,217 tons x .~2 

=864 tons x $135 = $116,640 
1979-1981 = 43,217 tons - 2,161 tons 

= 41,056 tons x .04 
= 1,642 tons x $135 = $221,670 

Winter Pears in Growing Areas 
of Hood River, Oregon 

The estimated economic impact of a 
lack of an effective summer control for 
pear psylla, such as amitraz, for use by 
winter pear producers in the Hood River, 
Oregon growing area is based on the 
following assumptions, procedures, and 
conclusions: 

29. 	 Data in Table 19 are the best 
estimate of the current acres, 
production, and value for pears 
for the pear-growing area of Hood 
River, Oregon. All prices and 
production in subsequent analysis 
were forced to approximate esti 
mates in Table 19; that is, the 
estimates were used as control 
numbers for data from all sources. 

30. 	 The above gave the following 
control values: 

a. 	 Weighted average price - $143 
b. 	 Total production - 60,800 tons 
c. 	 Total value - $8,694,000 

31. 	 Interpretation of test plot data. 
Test plot data for d'Anjou pears 
were as follows: 

Number Percent 
of fruit in class 

Control fruit U.S.Extra U.S. U.S. 
program examined Fancy .!tl.. #2 Cull 

.amitraz 1,134 1,102 26 6 o 
Alterna 1,180 1,150 .26 2 2 
tive 

No significant difference in 
gradeout of pears; therefore, no 
economic losses were estimated for 
1977. 

32.. 	 Estimated losses .in winter pears 
from pear psylla damage for 1978
1981 were based on the following 

assumptions made by agricultural 
specialists (98,100) in the Hood 
River area: 

a. 	 Production loss due to tree 
injury will be zero in 1978, 
and average 10 percent for 
1979-1981. 

b. 	 Fruit quality losses will be 10 
percent in 1978 and average 15 
percent for 1979-1981. 

33. 	 Winter pear production losses due 
to tree injury in 1978-1981 were 
estimated as follows: 

1978 = 60,800 tons x 0.0 = 0 
1979-1981 = 60,800 tons x 0.1 

= 6,08.0 tons x $143 = $869,440 

34. 	 Winter pear quaUty losses were 
estimated for 1978-1981 as follows: 

1978 	= 60,800 tons x 0.1 
= 6,080 tons x $143 
= $869,440 

1979-1981 = 60,800 tons 
- 6,080 tons 

= 54,720 tons x .15 
= 8,208 tons x $143 
= $1,173,744 

Bartlett Pears in Growing Areas 
of Washington 

The estimated economic impact ofa 
lack of an effective summer control for 
pear psylla, such as amitraz, for use by 
Bartlett pear producers in Washington is 
based on the following assumptions, 
proced ures, and conclusions: 

35. 	 Data in Table 19 are the best 
estimate of the current acres, 
production, and value of pears for 
Washington. All prices and pro
duction in subsequent analysis were 
forced to approximate estimates in 
Table 19; that is, the estimates 
were used as control numbers for 
data from all sources. 

36. 	 The distribution of Bartlett pears 
between fresh market and processing 
in Table 23 .is the best estimate of 
the utilization of Bartlett pears. 
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37. 	 The above gave the following con
trol values: 

a. 	 Weighted average price 
$138/ton 

b. 	 Total production - 113,300 tons 
c. 	 Percent utilized for fresh 

market - 31.. 178 
d. 	 Percent utilized for canning 

68.322 
e. Total value - S18,395,000. 

38. 	 Fresh and canning price for 
Bartlett pears was determined 
by adjusting prices in Table 23 
as follows: 

1974-1976 control price = S138 
divided by 

1974-1976 price from Noncitrus 
Fruits & Nuts Annual (77) 

equals .98571 

.98571 x $155 (F&N fresh) = $153 

.98571 x $133 (F&N canning) = $131 

$153 adopted as control price 
for fresh market 

$131 adopted as control price 
for canning pears 

39. 	 Per box and per ton price, impl ied 
by sample data estimate, as 
follows: 

Washington Washington 
Size U.S.#l Extra fancy Fancy 

90-135 
.7951 x 4.42 .7951 x 5.33 .7951 x 3.01 

150 
.1608 x 3.38 .1608 x 2.56 .1608 x 2.33 

165 
•0441 x 3.27 .0441 x 2.40 .0441 x 1.80 

Weighted average 
4.202 4.755 2.847 

Assumed a 50-50 distribution of 
U.S.#l and Washington Extra fancy, 
which gives an average price of 
$4.4785: 

$4.4785 x .70352 = $3.1507 
$2.847 x .19986 = .5690 
$0.00 x .09663 = ~O~.O~_ 

$3.7197 per box 

$3.7197 x 41.66 = $154.962 per ton 

Estimated sample prices were 
adjusted to control price by 
factoring, as follows: 

153.00 + 154.963 = .98733 

.98733 x 4.4785 
= $4.422 x .70352 = 3. 111 

.98733 x 2.847 
= $2 .• 811 x .19986 = 0.562 

.98733 x 0.00 
= SO .000 x .09663 = 0.000 

$3.67 per box 

3.67 	x 41.66 = $152.89 per ton 

Adopted estimated prices by grade, 
per box and per ton, are as 
follows: 

Grade Box x 41.66 Ton 
Extra fancy/U.S.#l 

$4.422 $184 
Fancy $2.811 $117 
Culls $0.00 $0 

40. 	 Quantity and value of Bartlett 
pears sold fresh and for canning 
determined from data in Table 23 
are as follows: 

Fresh = .31178 x 133,300 
= 41,560 x $153 = $6,358,680 

Canning = .68822 x 133,300 
= 91,740 x $131 = $12,017,940 

41. 	 Gradeout distribution of Bartlett 
pears going through a packinghouse 
was estimated from sample of fresh 
market Bartlett pears in Medford 
area (approximately 30 percent of 
crop for 1974~1~/6) • 

Estimated gradeout is: 
Extra fancy - 70.351 percent 
Fancy - 19.986 percent 
Culls - 9.663 percent 

42. 	 Prices received by growers, by size 
and grade of fresh market Dartlett 
pears, were obtained for an unknown 
portion of pears sold in Washington 
(4,5). These prices, by size of 
fruit, were: 
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Washington Washington 
Size U.S.#1 Extra fancy Fancy 

90-135 $4.4.2 $5.33 $3.01 
150 $3.38 $2.56 $2.33 
165 $3.27 $2.40 $1.80 

43. 	 Distribution of Bartlett pears, by 
size, was estimated from sample of 
fresh market Bartlett pears in Med
ford area (approximately 15 percent 
of crop for 1974-1976). Estimated 
distribution, by size, is: 

90-135 79.51 percent 
150 16.08 percent 
165 4.41 percent 

44. 	 As a check, the adopted estimated 
prices times quantities compares to 
the control value as follows: 

tons 
Extra fancy/U.S.#-1
41,560 x .70352 = 29,238 x $184 

= $5,379,792 
Fancy 
41,560 x .19986 = 8,306 x $117 

= $971,802 
Culls 
41,560 x .09663 = 4,016 x $0 = $0 

41,560 $6,351,594 

$6,351,594 + 41,560 
= $152.83 weighted average per ton 

Control va.lue from Procedure 5 is 
$6,358,680. 

45.. 	 Interpretation of test plot data: 

Bartlett pears were graded for pear 
psylla damage only. The pears were 
counted as damaged if psylla russet 
damage was severe enough to down
grade pear one grade. 

Test plot data for Bartlett pears 
1/2 acre unreplicated block: 

Psylla russet damage 
No. fruits Percent 

Treatment examined damage 

amitraL 676 41.4 
Alternative 685 81.38 

Difference of 39.98 percent 

Estimated distribution of grades 
and related prices includes 
percent downgrading due to pear 
psylla. Thus, test plot data were 
adjusted by -5.0 percent so that 
the prices used in the comparison 
would be on an identical basis. 

Treatment Adjusted percent damage 

amitraz 41.4 - 5.0 = 36.4 

Alternative 81.38 - 5.0 = 76.38 


a. 	 Estimated effect of downgrading 
on amitraz plot, generalized to 
fresh market industry: 

Est. industry Percent downgrading 
Grade dist. of grades on amitraz plot 
Extra fancy .70352 x 36.4 = .25608 
Fancy .19986 x 36.4 = .07275 

tons 
Extra fancy .70352 - .25608 

= .44744 x 41,560 = 18,596 
Fancy .19986 - .07275 + .25608 

= .38319 x 41,560 = 15,925 
Culls .09663 + .07275 

= .16938 x 41,560 = 7,039 
41,560 

tons 
Extra fancy 18,596 x $184 = $3,421,664 
Fancy 15,925 x $117 = $1,863,225 
Culls 7,039 x $0 = $0 

$5,284,889 

Estimated value of damage on ami
traz treatment plot, generalized 
to fresh market industry: 

$6,351,594 - $5.284,889 = $1,066,705 

b. 	 Estimated effect of downgrading 
on alternative control plot, 
generalized to fresh market 
industry: 

Percent 
dovmgrading 

Est. industry on al ternat ive 
Grade dist. of grades control plot 

Extra fancy .70352 x 76.38 = .53735 

Fancy .19986 x 76.38 = .15265 
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tons 
Extra f~ncy .70352 - .53735 

= .16617 x 41,560 = 6,906 
Fancy .19986 - .15265 + .53735 

= .58456 x 41,560 = 24,294 
Culls .09663 + .15265 

= .24928 x 41,560 = 10,360 
41,560 

Extra fancy 6,906 x $184 = $',270,704 
Fancy 24,294 x $117 = $2,842,398 
Culls 10,360 x $0 = $0 

$4,113,102 

Estimated increase in value of 
damage due to alternative control 
versus amitraz treatment, 
generalized to fresh market 
industry: 

$5,284,889 - $4,113,102 = $1,171,787 

46. 	 Interpretation of test plot data 
with respect to canning Bartlett 
pears: 

Canning pears are not graded, but 
are inspected for culls, and an 
economic penalty is imposed for 
culls in excess of 5 percent. 
Canning pears would be expected 
to grade similarly to fresh market 
pears; therefore, the percentage 
of culls identified in 45a and 45b 
is assumed to be representative 
of canning pears. 

Thus, the amitraz-treated plot had 
16.938 percent culls, and the 
alternative control had 24.928 
percent culls. The culls in excess 
of 5 percent would be as follows: 

amitraz 16.938 5.0 	= 11.938 percent
Alterna-	 24.928 5.0 = 19.928 percent
tive control 

19.928 - 11.938 percent = 7.990 percent 

Taking the quantity and value of 
canning pears from Procedure 5: 

91,740 tons x $131 = $12,017,940 

$12,017,940 x .11938 = $1,434,702 

$12,017,940 x .07990 = $960,233 

Estimated value of damage on ami
traz treatment plot, generalized 
to canning pear industry, is 
$1,434,702. 

Estimated increase in value of 
damage due to alternative control 
versus amitraz treatment, gener
alized to canning pear industry, 
is $960,233. 

47. 	 Estimated losses in Bartlett pears 
from pear psylla damage for 1978
1981 were based on the following 
assumptions made by agricultural 
specialists in Washington (6,9): 

a. 	 That with the desired use of 
amitraz in summer sprays there 
will be a normal loss due to 
pear psylla, and production 
will be equal to the. 1974-1976 
average. 

b. 	 That no new insecticides will 
be available. 

c. 	 That all currently registered 
insecticides will be available 
as of today. 

d. 	 That the cost of psylla control 
wi II be about equal with or 
without amitraz. 

e. 	 That without amitraz, losses 
due to pear psylla in 1978 will 
be as follows: 

F rosh - 13 percent reduction 
in U.S. #1; 5 percent will 
become U.S. #2; .and ij 

percent will become culls 
with no market value .• 

Processed - 8 percent increase 
in culls, with processors 
going back to previous 
practice of culling fruit 
heavily damaged by pear 
psylla. 

f. 	 Losses from pear psyllaesti 
mated for 1978 will increase 
at an average rate of 8 percent 
per 	year. 
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48. 	 Economic effect of downgrading of 
pears is as follows: 

Take base gradeout distribution 
from Procedure 41 and incorporate 
estimated. downgrading for 1978. 

Extra fancy/U.S.#l 
= .70351 - (.13 x .70351 == .09146) 
= .61206 

Fancy/U.S.#2 
= .19986 + (.05 x .70351 = .03518) 
= .23504 

Culls 
= .09663 + (.08 x .70351 = .05628) 
= .15291 

Ex. Fancy/U.S.#l tons 
= .61206 x 41,560 = 25.437 x $184 

= $4,680,408 
Fancy/U.S.#2 
= .23504 x 41,560 = 9,768 x $117 

= $1,142,856 
Culls 
= .15291 x 41,560 = 6,355 x 0 = $0 

41,560 $5,823,264 

$6,351,594 - $5,823,264 = $528,330 

Loss due to change in production 
= change in cu lis = 6,355 tons 
- 4,016 tons = 2,339 tons x $153 
= $357,867. 

Loss due to change in value 
= $528,330 - $357,867 = $170,4~.3~ 

Fresh market pear losses for 1979
1981 are estimated to increase. 8 
percent per year, or: 

, 

1979 = $357,867 x 1.08 = $386,496 
$170,463 x 1.08 = $184,100 

1980 = $357,867 x 1.1664 = $417 ,416 
$170,463 x 1.1664 = $198,828 

1981 = $357,867 x 1.25971 = $450,809 
$170,463 x 1.25971 = $214,734 

Processed pear losses for 1978-1981 
are estimated as follows: 

91,740 tons x .08 
= 7,339 tons x $131 = $961,409 

1979 =$961,409 x 1.08 =$1,038,322 
1980 = $961,409 x 1.1664 = $1,121,387 
1981 = $961,409 x 1.2597 = $1,211,087 
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Winter Pears in Growing Areas 
of Washington 

The estimated economic impact of a 
lack of an effective summer control for 
pear psylla, such as amitraz, for use by 
winter pear producers in Washington is 
based on the following assumptions, 
procedures, and conclusions: 

49. 	 Data in Table 19 are the best 
estimate of the current acres, 
production, and value of pears for 
Washington. All prices and pro
duction in subsequent analysis were 
forced to approximate estimates in 
Table 19; that is, the estimates 
were used as control numbers for 
data from all sources. 

50. 	 The above gave the following 
control values: 

a. 	 Weighted average price 
$153/ton 

b. 	 Total production - 89,800 tons 
c. 	 Total value - $13,739,000 

51. 	 To determine price, by grade, for 
winter pears or d'Anjou pears (99+ 
percent of winter pears in Wash
ington are d'Anjou pears), a 27 
percent sample of pears shipped in 
1976, by grade and size, was 
obtained from Dr. John A. Edwards, 
Agricultural Economist, Agricul
tural and Resource Economics 
Department, Oregon State Univer
sity. Also, prices received, by 
si ze and grade, by a d'Anjou pear 
shipping pool in the Wenatchee area 
of Washington were obtained for 
1976 (4,5). From these data the 
weighted average prices for d'Anjou 
pears, by grade, were calculated. 
The 1976 weighted average quanti 
ties and values in the sample were 
as follows: 

Price 
Grade Boxes Value Per box·~P~e-r-to-n 

---------dollars---------
Extra fancy 

497,706 1,967,442 3.953 164.68 
U.S.#l 

277 ,081 993,503 3.586149.39 

http:3.586149.39


Price 
Grade Boxes Value Per box Per ton 
(continued) ---------dollars-------- 
Fancy/U.S.#2 

238,532 702,456 2.945 122.69 
Total 

1,013,319 3,663,401 3.615 150.60 

The Extra fancy and U.S. # 1 data 
were then combined on a weighted average 
basis as follows: 

Price 
Grade Boxes Value Per box Per ton 

---------dollars-------- 
Extra fancy/U.S.#l 

774,787 2,960,945 3.822 159.22 
Fancy/U.S.#2 

238,532 702,456 2.945 122.69 
Total 

1,013,319 3,663,401 3.615 150.60 

52. 	 Percent distribution of grades in 
sample data is: 

Extra fancy/U.S.#l = 76.46 
Fancy/U.S.#2 = 23.54 
Culls = Not reported 

These percentages of grades are 
from downgrading for all reasons. 
Therefore, it is assumed that the 
grade distribution, based on pear 
psylla damage alone, would be as 
follows: 

Extra fancy/U.S.#l = 95.0 
Fancy/U.S.#2 = 5.0 

This assumption is necessary 
because the test plot pears were 
examined for pear psylla damage 
only. Applying the price from the 
sample data and the assumed grade 
distribution to the Washington 
d'Anjou pear production would give 
the results: 

tons 
Extra fancy/U.S.#l 
89,800 x .95 = 85,310 x $159.22 

= $13,583,058 
Fancy/U.S.#2 
89,800 x .05 = 4,490 x $122.69 

= $ 550,878 
89,800 $14,133,936 

$14,133,936 + 89,800 
= $157.39 weighted average price. 

Prices were adjusted by control 
price as follows: 

$153.00 + $157.39 = .97211 

Extra fancy/U.S.#l 
$159.22 x .97211 

= $154.78 x 85,310 = $13,204,282 
Fancy/U.S.#2 

$122.69 x .97211 
= $119.27 x 4,490 = $535,522 

89,800 $13,739,804 

$13,739,804 + 89,800 
= $153 weighted average price. 

Agricultural professionals (9) in 
Washington stated that there was no 
market for additional cull d'AnjoL' 
pears in Washington. Therefore, 
addi tional culls caused by pear 
psylla were assumed to have a zerl 
value. 

53. 	 Interpretation of d'Anjou test pi 
data - two 1/2 acre replicates. 

Psylla russet damage 
No. fruits Percent 

Treatment Plot examined damage 

amitraz 1 1,371 64.4 
amitraz 2 1,069 79.9 

Total 2,440 71.2 
Alternative 1 973 89.9 
Alternative 2 1,180 89.8 

Total 	 2, 153 89.8 

Difference in weighted average 
damage is 18.6 percent. 

Estimated distribution of grades 
and related prices includes 5 
percent downgrading due to pear 
psylla. Thus, test plot data were 
adjusted by -5.0 percent so that 
the prices used in the comparison 
would be on an identical basis. 

Treatment Adjusted percent damage 

amitraz 71.2 5.0 = 66.2 
Alternative 89.8 - 5.0 = 84.8 
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a. 	 Estimated effect of downgrading 
on amitraz plot, generalized 
to Washington d'Anjou pear 
industry: 

Assumed Percent 
industry downgrading 
dist. of on amitraz 

Grade 	 grades plot 

Extra fancy/U.S.#l .95 66.2 = .6289 

Fancy/U.S.#2 .05 66.2 = .0331 

Culls 	 .0 66.2 = .0 

tons 

Extra fancy/U.S.#l 

.95 - .6289 = .3211 x 89,800 = 28,835 

Fancy/U.S.#2 

.05 - .0331 


+ .6289 = .6458 x 89,800 = 57,993 

Culls 

.0 - .0331 = .0331 x 89,800 = 2,972 


1.0000 	 89,800 

Extra fancy/U.S.#l 
28,835 x $154.78 = $4,463,081 

Fancy/U.S.#2 
57,993 x $119.27 = $6,916,825 

Culls 
2,972 x $0 = $0 

89,800 $11,379,906 

Estimated value of damage on ami
traz treatment plot, generalized 
to d'Anjou pear industry: 

$13,739,804 - $11,379,906 = $2,359,898. 

b. 	 Estimated effect of downgrading 
on alternative control plot, 
generalized to Washington 
d'Anjou pear industry: 

Percent 
Assumed downgrading 
industry on alter-na
dist. of tive control 

Grade grades plot 

Extra fancy/U.S.#l .95 84 •.8 = .8056 

Fancy IU.S. #2 • 05 84.8 = .0424 

Culls 	 .0 84.8 

148 

tons 
Extra fancy/U.S.#l 
.95 - .8056 = .1444 x 89,800 = 12,967 
Fancy/U.S.#2 
.05 - .0424 

+ .8056 = .8132 x 89,800 = 73,026 
Culls 
.0 + .0424 = .0424 x 89,800 = 3,807 

89,800 

tons 
Extra fancy/U.S.#l 

12,967 x $154.78 = $2,007,032 
Fancy IU .S.#2 

73,026 x $119.27 = $8,709,811 
Culls 

3,807 x $0 = $0 
89,800 $10,716,843 

Estimated increase in value of 
damage due to alternative control 
versus amitraz treatment, genera
Iized to Washington d'Anjou pear 
industry: 

$11,379,906 $10,716,843 = $663,063 

54. 	 Estimated losses in winter pears 
from pear psylla damage for 1978
1981 were based on the following 
assumptions made by agricultural 
specialists in Washington (6,9): 

a. 	 That with the desired use of 
amitraz in summer sprays there 
will be a normal loss due to 
pear psylla, and production 
will be equal to the 1974-1976 
average. 

b. 	 That no new insecticides will 
be available. 

c. 	 That all currently registered 
insecticides will be available 
as of today. 

d. 	 That the cost of psylla control 
will be about equal with or 
without amitraz. 

e. 	 That without amitraz, losses 
due to pear psylla in 1978 will 
include a 15 percent reduction 
in U.S. #ls, 5 percent will 
become U. S. #2s and 10 percent 
will become culls with no 
market value • 

f. 	 Losses from pear psylla esti 
mated for 1978 will increase 



at an average rate of 8 percent 
per year. 

55. 	 Economic effect of downgrading of 
pears is as follows: 

Take assumed gradeout distribution 
from Procedure 52 and incorporate 
estimated downgrading for 1978. 

Extra fancy/U.S.#l 

= .950 - (.15 x .95 = • 1425) .8075
= 

Fancy/U.S.#2 

= .050 + (.05 x .95 = .0475 ) .0975
= 

Culls 

= .000 + (.10 x .95 • 0950) .0950
= = 

tons 
Extra fancy/U.S.#-' 
.8075 x 89,800 = 72,514 x $154.78 

= $11,223,717 
Fancy/U.S.#2 
.0975 x 89,800 = 8,755 x $119.27 

= $1,044,209 
Culls 
.095 x 89,800 = 8,531 x $0 = $0 

89,800 $12,267,926 

$13,739,804 $12,267,926 = $1,471,878 

Losses due to change in production 
= increase in culls = 8,531 tons 
x $153 = $1,305,243. 

Losses due to change in value 
= $1,471,878 - $1,305,243 
= $166,635. 

Losses for 1979-1981 are estimated 
to increase 8 percent per year, or: 

1979 = $1,305,243 x 1.08 = $1,409,6~2 


$166,635 x 1.08 = $179,966 


1980 = $1,305,243 x 1.1664 = $1,522,435 

$166,635 x 1.1664 = $194,363 


1981 = $1,305,243 x 1.25971 = $1,644,228 
$t66,635 x 1.25971 = $209,912 

Bartlett Pears in Growing Areas 
of Cal iforni.a 

The estimated economic impact of 
a lack of an effective SUmmer control 
for pear psylla, such as amitraz, for 

use 	 by Bartlett pear producers in the 
California growing area is based on the 
following assumptions, procedures, and 
conclusions: 

56. 	 Data in Table 19 are the best 
estimate of the current acres, pro
duction, and value for pears for 
the pear-growing area of Califor
nia. All prices and production in 
subsequent analysis were forced to 
approximate estimates in Table 19; 
that is, the estimates were used as 
control numbers for data from all 
sources • 

57. 	 The above gave the following 
control values: 

a. 	 Weighted average price - $147 
b. 	 Total production - 316,333 tons 
c. 	 Total value - $9,583,000 

58. 	 Test plots were established in a 
Bartlett pear orchard in Mendocino 
County, California. Based on 
growth curve measurements and 
standard grading procedures used in 
the area, no significant difference 
between the amitraz and alternative 
test plots was found (59). There
fore, no economic effect for 1977 
was estimated. 

59. 	 Estimated losses in Bartlett pears 
from pear psylla damage for 1978
1981 were based on the following 
assumptions made by agricultural 
specialists in California (60,63): 

a. 	 An estimated average of 35 
percent of the bearing acres 
would be treated annually. 

b. 	 Production will decrease at a 
yearly rate of 2 percent, due 
to reduction in tree vigor as a 
direct result of increasing 
psylla populations and deteri 
orating controls. This trend 
may accelerate from year to 
year. 

c. 	 Value will decrease at a yearly 
rate of 5 percent, due to 
psylla russet and the resulting 
shift from fresh market to 
canning. 
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60. 	 Total production (316,333 tons) x 
average percent of bearing acres 
treated (35 percent) = estimated 
portion of pears affected by a 
lack of an effective summer contr'ol 
for pear psylla, such as amitraz 
(110,717 tons). Bartlett pear 
production losses due to reduction 
in tree vigor were estimated for 
1978-1981 as follows: 

tons 
1978 = 110,717 x .02 

= 2,214 x $147 = $325,458 
1979 = 110,717 x .04 

= 4,429 x $147 = $651,063 
1980 = 110,717 x .06 

= 6,643 x $147 = $976,521 
1981 = 110,717 x .08 

= 8,857 x $147 = $1,301,979 

61. 	 Bartlett pear qual ity losses were 
estimated for 1978-1981 as follows: 

tons 
1978 	= 110,717 - 2,214 

= 108,503 x .05 
= 5,425 x $147 = $797,475 

1979 	= 110,717 - 4,429 
= 106,288 x .10 
= 10,629 x $147 = $1,562,463 

1980 	= 110,717 - 6,643 
= 104,074 x .15 
= 15,611 x $147 = $2,294,817 

1981 	 = 110,717 - 8,857 
= 101,860 x .20 
= 20,372 x $147 = $2,994,684 

Winter Pears in Growing Areas 
of California 

The estimated economic impact of 
a lack of an effective summer control 
for pear psylla, such asamitraz, for 
us.e by winter pear producers in the 
California growing area is based on the 
following assumptions, procedures, and 
conclusions: 

62. 	 Data in Table 19 are the best 
estimate of the current acres, pro
duction, and value for peilrs for 
the pear-growing area of Califor
nia. All prices and production in 
subsequent analysis were forced to 
approximate estimates in Table 19; 
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that is, the estimates were used as 
control numbers for data from all 
sources. 

63. 	 The above gave the following 
control values: 

a. 	 Weighted average price - $147 
b. 	 Total production - 9,583 tons 
c. 	 Total value - $1,672,000 

64. 	 No test plots were established in 
wintet- pear orchards in California 
in 1977. Test plots in Bartlett 
pear orchards showed little pear 
psylla damage in either amitraz or 
alternative control plots (59). 
Therefore, no economic losses 
were estimated for winter pears 
in 1977. 

65. 	 Estimated losses in winter pears 
from pear psylla damage for 1978
1981 were based on the following 
assumptions made by agricultural 
specialists in California (60,63): 

a. 	 Production will decrease at a 
yearly rate of 2 percent due to 
reduction in tree vigor as a 
direct result of increasing 
psylla populations and deteri 
orating controls. This trend 
may accelerate from year to 
year. 

b. 	 Value wiU decrease at a yearly 
rate of 5 percent due to psylla 
russet and the resulting shift 
from fresh market to canning. 

66. 	 Total production (9,583 tons) x 
average percent of bearing acres 
treated (35 percent) = estimated 
portion of pears affected by a lack 
of an effective summer control for 
pear psylla, such as amitraz (3,354 
tons). Winter pear production 
losses due to reduction in tree 
vigor were estimated for 1978-1981 
as foHows: 

tons 
1978 = 3,354 x .02 = 67 x $160 = $10,720 
1979 = 3,354 x .04 = 134 x 160 = $21,440 
1980 = 3,354 x .06 = 201 x 160 = $32, 160 
1981 = 3,354 x .08 = 268 x 160 = $42,880 



67. Winter pear quality losses were Oregon were estimated using produc
estimated for 1978-1981 as follows: tion costs estimated for the 1976 

season by Jim Klahre for the Oregon 
tons Winter Pear Marketing Board at Hood 

1978 	 = 3,354 - 67 River, Oregon. Mr. Klahrels direct 
= 3,287 x .05 and overhead cost estimates were: 
= 164 x $160 = $26,240 

1979 	= 3,354 - 134 Direct Overhead Total 
= 3,220 x .10 cost cost cost 
= 322 x $160 = $51,520 

1980 	= 3,354 201 Bartletts $1,146.40 $441.66 $1,588.06 
= 3,153 x .15 Winter $1,062.61 $397.58 $1,460.19 
= 4.73 x $160 = $75,680 

1981 	 = 3,354 268 Thesp. costs were based on the aver
= 3,086 x .20 age yields in 1976. Necessary 
= 617 x $160 = $98,720 details to adjust costs for 1974

1976 average yields were not 
Average Per-Acre User Returns provided. 

Test plot data, field observations, 2. The index of prices paid for items 
and the professional judgment of used for production (78) was used 
research and extension personnel in the to adjust the production costs in 
respective pear-growing areas indicate Procedure 1 to a 1974-1976 base. 
that the efficacy of amitraz for summer The indexes of prices paid for 
control of pear psylla is simi lar to items used for production are as 
that of the previously available chlor follows: 
dimeform (4,63,90,100). Therefore, the 
average gross return per acre received 1967 = 100 1976 = 100 
from pears during the 1974-1976 1974 166 --86.0 
period u when chlordimeform was used 1975 182 94.3 
for psylla control was assumed to be 1976 193 100.0T 

representative of the return that could 
be expected with amitraz. Thus, average The 1914-1976 adjustment factor 
gross return for all pears is estimated = (.86 + .943 + 1.0) + 3 = .93433. 
to be $1,368 per acre with amitraz 
(Table 24). The direct and overhead costs in 

Procedur.e 1 times .93433 equal the 
Direct costs of production and estimated 1974-1976 production 

annual land, fixed capital, and manage costs as follows: 
ment costs with amitraz are $1,038 per 
acre. Thus, the average returns to Direct Overhead Total 
land, fixed capital, and management for cost cost cost 
all pears are $330 per acre with amitraz. 
In the short run, returns to land, fixed Bartletts $1,071. 12 $412.66 $1,483.78 
capital, and management are the deter Winter $992.83 $371.47 $1,364.30 
minant of whether pear growers can 
continue to produce pears; that is, These estimated production costs, 
positive returns mean that pear growers rounded to the nearest dollar, were 
are covering short-run variable costs. adopted as representative of the 
Estimated 1974-1976 production costs for Hood River area. 
pears were calculated as follows: 

Growing Areas of Medford, Oregon 
Growing Areas of Hood River, Oregon 

3. 	 Pear production costs for the pear
1. 	 Pear production costs for the pear growing areas around Medford, 

growing areas around Hood River, Oregon were estimated using source 
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Table 24.'--Average per-acre returns to land, fixed capital and management with and 
without amitraz on the 54,700 acres of pears assumed to be treated with amitraz 
in Oregon, Washington, and California, all peap, Bartlett pears, and winter 
pears, treated year and 5-year untreated perioct.! 

Returns to 
Number years Gross returns Loss of Gross returns Direct land, fixed 

without with gross returns without 1974-1976 capital, and 
amitra~z~____~a~m~i~t~r~a~z~2_/______~p~e~r~a~c~r~e~3~/____~a~m~it~r~a=z~__~c~a=s~h~co~s~t~~=4~/__~m~a~n~a~g~e~m~e~n~t 

-------------------------------dol lars-------------------------------

All Pears 
0 
1 
2 
3 
4 
5 

1,368 
1,368 
1,368 
1,368 
1,368 
1,368 

0 
68 

121 
187 
220 
255 

tiA2./ 
1,300 
1,247 
1, 181 
1, 148 
1, 113 

1, 038~J 
1,024 
1,024 
1,024 
1,024 
1,024 

330 
276 
223 
157 
124 
89 

Bart Iett Pears 
0 
1 
2 
3 
4 
5 

1,208 
1,208 
1,208 
1,208 
1,208 
1,208 

0 
63 
91 

148 
188 
230 

NA 
1,145 
1, 117 
1,060 
1,020 

978 

1, o47J../ 
1,035 
1,035 
1,035 
1,035 
1,035 

161 
110 
82 
25 

-15 
-57 

Winter Pears 
0 
1 
2 
3 
4 
5 

1,714 
1,714 
1,714 
1,714 
1,714 
1,714 

0 
79 

187 
273 
291 
310 

NA 
1,635 
1,527 
1,441 
1,423 
1,404 

1, 004.!~J 
987 
987 
987 
~tg-i 

98'J 

710 
648 
540 
454 
436 
417 

JJ Returns to land, fixed capital, and management were estimated assuming ceteris 
paribus conditions with respect to price and production levels. 

2/ Research data and field observations indicated that amitraz and chlordimeform 
are equally efficacious in controlling pear psylla. Average gross returns for 1974
1976, when .chlordimeform was used by growers, was assumed to be representative of 
returns with amitraz. 

3/ Expected decreases in per-acre gross returns from the effects of inadequate pear 
psyll.:a control without amitraz. 

!!) For source budgets, see sections titled: Growing Areas of Hood River, Oregon; 
Medford, Oregon; Washington; and California. 

5/ NA = Not appl icab Ie. 
6/ Includes weighted average cost of $14 per acre for additional cost of amitraz 

versus best alternative. 
J.j Includes weighted average cost of $12 per acre for additional cost of amitraz 

versus best alternative. 
!l Includes weighted average cost of $17 per acre for additional cost of amitraz 

versus best alternative. 
Source: Natural Resource Economics Division, Ec;onomics, Statistics, and Coopera

tives Service, U.S. Department of Agriculture, Corvallis, Oregon. 
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budgets for 1977 (55), prepared by 
Robert L. Rackham, Area Extension 
Agent, Jackson and Josephine 
counties, Oregon. Direct and 
overhead costs and yields in the 
budgets were as follows: 

Pear Direct Overhead Total Yield 
variety cost cost cost per acre 

tons 
Bartlett 

$1,042.48 $579.45 $1,621.93 11 
d'Anjou 

$1,026.97 $578.68 $1,605.65 11 
Bose 

$986.19 $576.64 $1,562.83 11 
Comice 

$1,109.47 $582.80 $1,692.27 10 

4. 	 Appropriate adjustments were made 
in harvest costs and operating 
capital interest in the source 
budgets for 1977 , to reflect the 
1974-1976 weighted average pear 
yields in the Medford area. The 
adjustments resulted in the fol
lowing direct and overhead costs: 

Pear Direct Overhead Total Yield 
variety cost cost cost per acre 

tons 
Bartlett 

$932.48 $573.95 $1,506.43 7.0 
d'Anjou 

$949.97 $574.83 $1,524.80 8.2 
Bose 

$909.19 $572.79 $1,481.98 8.2 
Comice 

$1,055.47 $580.10 $1,635.57 8.2 

5. 	 The index of prices paid for items 
used for production (78) was then 
used to adjust the production costs 
in Procedure 4 to a 1974-1976 base. 
The indexes of prices paid for 
items used for production are as 
follows: 

1967 = 100 1977 = 100 

1974 166 83.0 
1975 182 91.0 
1976 193 96.5 
1977 200 100.0 

The 1974-1976 adjustment factor 
= (.83 + .91 + .965) + 3 = .90167. 

The direct and overhead costs in 
Procedure 4 times .90167 equal the 
estimated 1974-1976 production 
costs as follows: 

Pear Direct Overhead Total Yield 
variety cost cost cost per acre 

tons 
Bartlett 

$840.79 $517.51 $1,358.30 7.0 
d'Anjou 

$856.56 $518.31 $1,374.87 8.2 
Bose 

$819.79 $516.47 $1,336.26 8.2 
Comice 

$951.69 $523.06 $1,474.75 8.2 

6. 	 Composite 1974-1976 production 
costs for winter pears were esti 
mated by applying the production 
distribution of the d'Anjou, 
Bose, and Comice pears to their 
production costs as follows: 

Pear Percent of Di rect Composite 
variety winter pears costs costs 

d'Anjou 51.922 x $856.56 = $444.74 
Dose 43.254 x $819.79 = $354.59 
Cornice 4.824 x $951.69 = $45.91 

100.000 	 $845.24 

d'Anjou 51.922 x $518.31 = $269.12 
Bose 43.254 x $516.47 = $223.39 
Cornice 4.824 x $523.06 = $25.23 

$517.74 

Total production cost for winter 
pears equals: 

$845.24 + $517.74 = $1,362.98 

7. 	 Based on the above calculations, 
the following production costs were 
adopted as representative of the 
Medford area: 

Direct Overhead Total 
costs costs costs 

Bart lett $841 $518 $1,359 
Wi nter pears $845 $518 $1,363 
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Growing Areas of Washington 

8. 	 Pear production costs for the pear
growing areas in Washington were 
estimated using the budgets, liThe 
Estimated Cost of Producing Bart
lett Pears in the Yakima Valley," 
and liThe Estimated Cost of 
Producing d'Anjou Pears in the 
Wenatchee River Valley." Source of 
the budgets is Washington State 
University Farm Business Manage
ment Reports EM 3553, June 1972, 
and EM 3779, August 1973, 
respectively (20,21). 

Bartletts Winter 

Direct cost $698.51 $679.43 
Overhead cost $391.10 $387.08 
Total cost $1,089.61 $1,066.51 
Yield per acre 8.0 tons 14.3 tons 
Production year 1972 1970 

9. 	 Appropriate adjustments were made 
in harvest costs in the source 
budgets to reflect the 1974-1976 
weighted average pear yields in 
Washington. The adjustments 
resulted in the following direct 
and overhead costs: 

Bartletts Winter 

Direct cost $702.54. $674.36 
Overhead cost $391.10 $387.08 
Total cost $1,093.64 $1,061.44 
Yield per acre 8.7 tons 13.9 tons 
Production year 1972 1970 

10. 	 The i.ndex of prices paid for items 
used for production (78) was used 
to adjust the production costs in 
Procedure 9 to a 1974-1976 base. 
The index of prices paid for items 
used for production is as follows: 

Year 1967 = 100 1970 = 100 1972 = 100 

1970 108 100.0 
1971 113 104.6 
1972 121 112.0 100.0 
19.73 146 135.2 120.7 
1974 166 153.7 137 .• 2 
1975 182 16.8.5 150.4 
1976 193 178.7 159.5 
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The 1970 to 1974-1976 adjustment 
factor = (1.537 + 1.685 + 1.787) 
+ 3 	= 1.6697. 

The 1972 to 1974-1976 adjustment 
factor = (1.372 + 1.504 + 1.595) 
+ 3 	= 1.4903. 

The production costs in Procedure 9 
times 1.4903 for Bartlett pears 
and 1.6697 for winter pears equal 
the estimated 1974-1976 production 
costs as follows: 

Bartletts Winter 

iJirect cost . $1,047.00 $1,125.98 
Overhead cost $582.86 $646.31 
Total cost $1,629.86 $1,772.29 
Yield per acre 8.7 tons 13.9 tons 
Production year 1974-1976 1974-1976 

These estimated production costs, 
rounded to the nearest dollar, 
were adopted as representative 
for Washington. 

Growing Areas of California 

11. 	 Pear production costs for the pear
growing areas in California were 
estimated using the source budgets 
(11,16,44,48,67): "Sample Costs to 
Produce Pears, Central Coast 
Counties - 1975;" "Sample Costs to 
Produce Pears, Solano County 
1975; II .IICosts to Produce Bartlett 
Pears in Placer County - 1976; II 
"Sample Costs to Produce Pears, 
Sacramento County - 1974; II and 
"Sample Costs to Produce Pears, 
Lake County - 1975." These budgets 
were developed by the Cooperative 
Extension Service of the University 
of California. Direct and overhead 
costs and yields in these budgets 
were as follows: 

County(s) 

Solano Lake 
Direct cost $808.10 $1, 192.45 
Overhead cos t $609.90 $694.55 
Total cost $1,418.00 $1,887.00 
Yield per acre 10 tons 15 tons 
Year 1975 1975 
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County(sl Winter Pears (continued) 
Placer Sacramento 

County (s)Direct cost $852.45 $1,363.53 
Placer SacramentoOverhead cost $475.55 $509.70 

Direct cost $778.45 $986.78Total cost $1,328.00 $1,873.23 
Overhead cost $429.30 $430.92Yield per acre 1 U tons 20 tons 
Total cost $1,207.75 $1,417.70Year 	 1976 1974 
Yield per acre 6.3 tons 6.3 tons 
Pro,juction year 1976 1974Central Coast 


Direct cost $906.25 

Central CoastOverhead cost 	 $U54.65 

Direct cost 	 $792.25Total cost 	 $1,760.9U 
Overhead cost 	 $820.45Yield per acre 	 12 tons 
Total cost 	 $1,612.70Year 	 1975 
Yield per acre 6.3 tons 
Production year 197512. 	 Appropriate adjustments were made 


in harvest costs and management 

Note: The same source budgets were usedcosts in the source budgets, to 

for 	 Bartlett and winter pearsreflect the 1974-1976 weighted 
because budgets for winter pearsaverage Bartlett and winter pear 
were 	unavailable.yields in California. The adjust


ments resulted in the following 

13. 	 T he index of prices paid for itemsdirect and overhead costs: 

used for production (78) was used 
to adjust the production costs inBartlett Pears 
Procedure 12 to a 1974-1976 base. 

County(s) The index of prices paid for items 
Solano Lake used for production is as follows: 

Direct cost $792.16 $1,072.45 
Overhead cost $601.34 $642.05 1967 	= 100 1974 = 100 
Total cost $1,393.50 $1,714.50 1974 166 100.0 
Yield per acre 9.0 tons 9.0 tons 1975 182 109.6 
Production year 1975 1975 1976 193 116.3 

Placer Sacramento 1975 = 100 1976 = 100 
Direct cost $832.45 $1,088.53 1974 91.2 86.0 
Overhead co.st $463.05 $452.20 1975 100.0 94.3 
Total cost $1,295.50 $1,540.73 1976 106.0 100.0 
YieJd per acre 9.0 tons 9.0 tons 

The 	 1974 to 1974-1976 adjustmentProduction year 1976 1974 
factor = (1.0 + 1.096 + 1.163) 7- 3 
= 1.08633.Central Coast 

Direct cost $846.25 
The 	 1975 to 1974-1976 adjustmentOverhead cost 	 $836.65 
factor = (.9 12 + 1.0 + 1. 06) 7- 3Total cost 	 $1,682.90 = 0.99067.Yield per acre 9.0 tons 

Production year 1975 
The 1976 to 1974-1976 adjustment 
factor = (.86 + .943 + 1.0) 7- 3Winter Pears = 0.93433. 

County(s) 
Solano Lake The direct and overhead costs in 

Direct cost $7LJ8.90 $1,018.45 Procedure 12 times the above fac
Overhead cost $578.45 $618.42 tors, depending on base year of 
Total cost $1,327.35 $1,636.87 source budget, equal the 1974-1976 
Yield per acre 6.3 tons 6.3 tons estimated 1974-1976 production
Production year 1975 1975 	 costs as follows: 
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Bartlett Pears Bartlett Pears 

County(s} Direct Cost 
Solano Lake Solano $784.77 x .08631 = $67.73 

Direct cost $784.77 $1,062.44 Lake $1,062.44 x .26717 = $283.85 
Overhead cost $595.73 $636.06 Placer $777.78 x .02904 = $22.59 
Total cost $1,380.50 $1,698.50 Sacramento $1,182.50 x .46473 = $549.54 
Yield per acre 9.0 tons 9.0 tons Central $838.35 x .15275 = $128.06 
Production year 1974-1976 1974-1976 Coast $1,051.77 

Placer Sacramento Overhead Cost 
Direct cost $177.78 $1,182.50 Solano $595.73 x .08631 = $51.42 
Overhead cost $432.64 $491.24 Lake $636.06 x .26717 = $169.94 
Total cost $1,210.42 $1,673.74 Placer $432.64 x .02904 = $12.56 
Yield per acre 9.0 tons 9.0 tons Sacramento $491.24 x .46473 = $228.29 
Production year 1974-1976 1974-1976 Central $828.84 x .15275 = $126.61 

Coast $588.82 
Central Coast 

Direct cost $838.35 Winter Pears 
Overhead cost $828.84 
Total cost $1,667.19 Direct Cost 
Yield per acre 9.0 tons Solano $741.91 x .06446 = $47.82 
Production year 1974-1976 Lake $1,008.95 x .18765 = $189.33 

Placer $727.33 x .01657 = $12.05 
Sacramento $1,071.97 x .21834 = $234.05 

Winter Pears Central $784.86 x .51298 = $402.62 
Coast $885.87 

County (s) 
Solano Lake Overhead Cost 

Direct cost $741.91 $1,008.95 Solano $573.05 x .06446 = $36.94 
Overhead cost $573.05 $612.65 Lake $612.65 x .18765 = $114.96 
Total cost $1,314.96 $1,621.60 Placer $401.11 x .01657 = $6.65 
Yield per acre 6.3 tons 6.3 tons Sacramento $468.12 x .21834 = $102.21 
Production year 1974-1976 1974-1976 Central $812.80 x .51298 = $416.95 

Coast $677.71 
Placer Sacramento 

Direct cost 
Overhead cos t 

$727.33 
$401.11 

$1,071.97 
$468.12 

The above composite production 
costs, rounded to the nearest 

Total cost 
Yield per acre 
Production year 

$1,128.44 
6.3 tons 

1974-1976 

$1,540.09 
6.3 tons 

1974-1976 

dollar, were adopted as 
tive for California. 
summarized as follows: 

representa
They are 

Central Coast Bartlett Winter 
Direct cost $784.86 Direct cost $1,052 $886 
Overhead cost $812.80 Overhead cost $589 $678 
Total cost $1,597.66 Total cost $1,641 $1,564 
Yield per acre 6.3 tons Yield per acre 9.0 tons 6.3 tons 
Production year 1974-1976 Production year 1974-1976 1974-1976 

14. Composite production costs for Lack of an effective summer control 
Bartlett and winter pears were for pear psylla, such as arnitraz, would 
estimated by weighting the respec cause a decrease from $330 to $276 in 
tive county budgets by the average retu rns to land, fixed capital, 
percentage of pear production and management for all pears in the 
that occurred in the county(s) first year (Table 24). After 5 years, 
as follows: average retu rns to land, fixed capital, 
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and management for all pears would be 
$89 per acre. If pear growers had to 
continue managing their pear psylla 
problem without an effective summer 
control, average returns to land, fixed 
capital, and management might be 
expected to go negative. This implies 
that pear producers as a group would not 
be covering variable costs and, thus, 
cou Id not continue producing pears. 

Returns to land, fixed capital, and 
management for Bartlett pears go 
negative after 3 years, whereas it would 
take several years for returns for win
ter pears to go negative. Returns to 
land, fixed capital, and management also 
vary considerably from area to area 
(Tables 25-28). Again, gross returns 
were estimated, assuming ceteris paribus 
conditions with respect to price and 
production levels. A smaller crop and 
fewer U.S. #1 pears would probably 
increase the price of pears, thus 
extending the period before returns go 
negative. 

Market and Consumer', Impacts 

Pear psylla damage in the orchards 
translates directly to lower quality and 
fewer pears in the market for consumers 
to select from and purchase. Pear 
psylla russet affects the quality of 
both fresh market and processing pears 
by diminishing their appearance and 
altering their ripening characteristics. 
Grade standards (72,73,76) and desira
bility of pears are largely associated 
with appearance for both fresh market 
and processing pears. Appearance also 
affects the price consumers are willing 
to pay for pears. 

Beyond appearance, russet on pears 
impedes uniform ripening of the fruit. 
The area under the russet ripens much 
more slowly than the rest of the pear. 
Thus, green spots are generally left 
under the russet when the rest of the 
pear has reached the proper degree of 
ripeness for eating or processi.ng. 
These green spots reduce the desira
bil ity of the pear for eating unpeeled, 
and cause problems with the mechanical 
peel ing machines used on processing 

pears. The mechanical peeling machines 
function best on uniformly ripened 
fruit. When the peeling blades hit a 
green spot under pear psylla russet, 
the blades tear a piece of flesh from 
the fruit, thereby preventing the pear 
from yielding perfect halves, the most 
desirable product. Damaged halves are 
either packed as imperfects or are cut 
into small pieces for fruit cocktail, 
both of which have lower values than 
perfect halves. The percentage of 
perfect halves obtained from a lot of 
fruit greatly affects returns from the 
fruit. 

Quantity of pears in the market is 
reduced by the increased culls and loss 
of productive trees due to pear psylla 
damage. Pear psylla damage without 
amitraz is expected to reduce quantity 
of all pears marketed in 1977, 1978, 
1979, 1980, and 1981 by 1.6, 2.9, 4.5, 
5.0, and 5.5 percent, respectively. It 
is Iikely that the reductions in quan
tity of pears marketed (projected in 
this analysis) would lead to somewhat 
higher retail prices for pears; however, 
specific retail price responses cannot 
be evaluated under currentl y available 
price elasticity of demand data, because 
the effects of downgrading on price are 
not considered in the available price 
elasticity of demand analysis (45) .!!J 
I n the evaluation of pear psylla damage, 
a larger portion of the loss was attri
buted to downgrading losses than to a 
change in quantity. Thus, to use 
available price elasticity of demand 
estimates would require either ignoring 
or assuming away the price effect of the 
downgrading that occurs due to pear 
psylla damage. Even witt1 available 
price elasticity of demand estimates, 
the effect on total revenue to the 
growers is .u nclear. 

4/ The study from which the price 
elasticity of demand estimates was taken 
did not consider quality, size, and 
grade of the fruit. Lack of data on the 
costs of production, allocation, and 
marketing services a.lso limited the 
scope of the study (45). 
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Table 25.--Average per-acre returns to land, fixed capital, and management, with and 
without amitraz, on the 9,610 acres of pears assumed to be treated with amitraz 
in the Hood River, Oregon, growing area, all pears, Bartlett pears, and winter 
pears, treated year and 5-year untreated period!} 

Average per-acre Returns to 
t~r years gross returns Loss of Gross returns Di rect Iand, fixed 

wi thout wi th gross returns wi thout 1974-1976 capital, and 
amitraz ami traz~/ per acrell ami traz cash cos tsil management 

-------------------------------dol lars---- --------------------------

All Pears 
0 1 f 501 0 NA~-' 1,059.§J 442 
1 1,501 0 1,501 1,033 468 
2 1,501 103 '1.398 1,033 365 
3 1,501 266 1,235 1r 033 202 
4 1,501 266 1,235 1,033 202 
5 1,501 266 1,235 1,033 202 

Bart Iett Pears 
0 1, ::!02 0 NA 1,097.§.1 105 
1 1,202 0 1,202 1,071 131 
2 1,202 24 1, 178 1,071 107 
3 1,202 105 1,097 1,071 26 
4 1,202 105 1,097 1,071 26 
5 1,202 105 1,097 1,071 26 

Winter Pears 
0 1,830 0 NA 1,0 19.§.1 811 
1 1,830 0 1,830 993 837 
2 1,830 183 1,647 993 654 
3 1,830 431 1,399 993 406 
4 1,830 431 1,399 993 406 
5 1,830 431 1,399 993 406 

1/ Returns to land, fixed capital, and management were estimated assuming ceteris 
paribus conditions with respect to price and production levels. 

2/ Research data and field observations indicate that amitraz and chlordimeform are 
equally efficacious in controlling pear psylla. Average gross returns for 1974-1976, 
when chlordimeform was ~sed by growers, were assumed to be representative of returns 
with amitraz. 

3/ Expected decreases in per-acre gross returns from the effects of inadequate pear 
psylla control without amitraz. 

4/ For source budgets, see section titled: Growing Areas of Hood River, Oregon.
51 NA = Not applicabl,e. 
6/ Includes weighted average cost of $26 per acre for additional cost of amitraz 

versus best alternative. 
Source: Natural Resource Economics Division, Economics, Statistics, and Coopera

tives Service, U. S. Department of Agriculture, Corvallis, Oregon. 
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Table 26.--Average per-acre returns to land, fixed capital, and management, with and 
without amitraz, on the 10,489 acres of pears assumed to be treated with amitraz 
in the Medford, Oregon, growing area, all pearls, Bartlett pears, and winter 
pears, treated year and 5-year untreated perioc:t! 

Average per-acre Returns to 
Number years gross returns Loss of Gross returns Di rect Iand, fixed 

wi thout wi th gross returns wi thout 1974-1976 capi tal, and 
amitraz amitraz~1 per acre.~J ami traz cash cos ts.~J management 

-------------------------------dol lars-------------------------------

All Pears 
0 1,072 0 NA1/ 871~J 201 
1 1,072 89 983 843 140 
2 1,072 145 927 843 84 
3 1,072 200 872 843 29 
4 1,072 253 819 843 -24 
5 1,072 274 798 843 -45 

Bart lett Pears 
0 945 0 NA 869~/ 76 
1 945 48 897 841 56 
2 945 135 810 8 /11 -31 
3 945 220 725 841 -116 
4 945 303 642 841 -199 
5 945 317 628 841 -213 

Winter Pears 
0 1, 189 0 NA 873~/ 316 
1 1, 189 125 1,064 845 219 
2 1, 189 154 1,035 845 190 
3 1,189 1 H 1 1,00S" 845 163 
4 1,189 209 980 845 135 
5 1, 189 236 953 845 108 

1/ Returns to land, fixed capital, and management were estimated assuming ceteris 
paribus conditions with respect to price and production levels. 

2/ Research data and field observations indicate that amitraz and chlordimeform are 
equally efficacious in controlling pear psylla. Average gross returns for 1974-1976, 
when chlordimeform was used by growers, were assumed to be representative of returns 
with amitraz. 

3/ Expected decreases in per-acre gross returns from the effects of inadequate pear 
psylla control without amitraz. 

4/ For source budgets, see section titled: Growing Areas of Medford, Oregon. 
5/ NA = Not applicable.
6/ Includes weighted average cost of $28 per acre for additional cost of amitraz 

versus best alternative. 
Source: Natural Resource Economics Division, Economics, Statistics, and Coopera

tives Service, U.S. Department of Agriculture, Corvallis, Oregon. 
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Table '27.--Ayerage per-acre returns to land, fixed capital, and management, with and 
without amitraz, on the 21,736 acres of pears assumed to be treated with amitraz 
in Washington, all pear~1 Bartlett pears, and winter pears, treated year and 
5-year untreated period-

Average per-acre Returns to 
t-Urber years gross returns Loss of Gruss returns Di rect Iand, fixed 

wi thout wi th gross returns wi thout 1974-1976 capi tal, and 
ami traz ami traz~j per acre.Y ami traz cash costs:!/ management 

-------------------------------dol lars-------------------------------

All Pears 
0 1,473 0 NA~J 1, 071~/ 402 
1 1,473 129 1,344 1,070 274 
2 1,473 136 1,337 1,070 267 
3 1,473 147 1,326 1,070 256 
4 1,473 159 1,314 1,070 244 
5 1,473 172 1,301 1,070 231 

Bart I ett Pears 
0 1,201 0 NA 1,048.§/ 153 
1 1,201 140 1,061 1,047 14 
2 1,201 97 1, 104 1,047 57 
3 1,201 105 1,096 1,047 49 
4 1,201 114 1,087 1,047 'w 
5 1,201 123 1,078 1,047 31 

Winter Pears 
0 2,127 0 ~ .! .~~ 1, 127~J 1,000 
1 2,127 103 2,024 1, '126 898 
2 2,127 228 1,899 1,126 713 
3 2,127 246 1,881 1,126 755 
4 2,121 266 1,861 1, 126 735 
5 2,127 287 1,840 1,126 714 

1/ Returns to land, fixed capital, and management were estimated assuming ceteris 
paribus conditions with respect to price and production levels. 

21 Research data and field observations indicate that amitraz and chlordimeform are 
equally efficacious in controlling pear psylla. Average gross returns for 1974-1976, 
when chlordimeform was used by growers, were assumed to be representative of returns 
with amitraz. 

31 Expected decreases' in per-acre gross returns from the effects of inadequate pear 
psylla control without amitraz. 

41 For source budgets, see section titled: Growing Areas of Washington.
51 NA = Not applicable.
6/ Includes weighted average cost of $1 per acre for additional cost of amitraz 

versus best alternative. 
So.urce: Natural Resource Economics Division, Economics, Statistics, and Coopera

tives Service, u.S. Department of Agriculture, Corvallis, Oregon. 
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Table 28. --Average per-acre returns to land, fixed capital, and management, with and 
without amitraz, on the 12,840 acres of pears assumed to be treated with amitraz 
in California, all pears, Bartlett pears, and winter pears, treated year and 
5-year untreated period 1/ 

Average per-acre Returns to 
NUlber years gross returns Loss of Gross returns Di rect land, fixed 

wi thout with gross returns wi thout 1974-1976 capital, and 
ami traz ami trazJ:.J per acrelJ ami traz cash cos ts~J management 

-------------------------------dol lars-------------------------------

All Pears 
0 1,310 0 NA-~/ 1, 058~/ 252 
1 1,310 0 1,310 1,045 265 
2 1,310 90 1,220 1,045 175 
3 1,310 178 1, 132 1,045 87 
4 1,310 263 1,047 1,045 2 
5 1,310 346 964 1,045 -81 

Bart lett Pears 
0 1,323 0 NA 1, 065~/ 258 
1 1,323 0 1,323 1,052 271 
2 1,323 91 1,232 1,052 180 
3 1,323 180 1,143 1,052 91 
4 1,323 266 1,057 1,052 5 
5 1,323 349 979 1,052 -73 

Winter Pears 
0 1,008 0 NA 899~/ 109 
1 1,D08 0 1,008 886 122 
2 1,008 69 939 886 53 
3 1,008 137 871 886 -15 
4 1,008 203 805 886 -8i 
5 'I,OOS 266 742 886 -144 

1/ Returns to land, fixed capital, and management were estimated assuming ceteris 
paribus conditions with respect to price and production levels. 

2/ Research data and field observations indicate that amitraz and chlordimeform are 
equally efficacious in controlling pear psylla. Average gross returns for 1974-1976, 
when ch!ordimeform was used by growers, were assumed to be representative of returns 
with amitraz. 

3/ Expected decreases in per-acre gross returns from the effects of inadequate pear 
psylla contrQI without amitraz. 

4/ For source budgets, see section titled: Growing Areas of California. 
5/ NA = Not applicable. 
6/ Includes weighted average cost of $13 per acre for additional cost of amitraz 

versus best alternative. 
Source: Natural Resource Economics Division, Economics, Statistics, and Coopera

tives Service, u.S. Department of Agriculture, Corvallis, Oregon. 
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For example, if the reciprocal of 
the price flexibility for Bartlett pears 
is used to indicate the lower limit of 
elasticity, the available analysis (45) 
suggests that processing demand is 
inelastic, whereas, the elasticity of 
fresh demand is almost unitary. 

Price Elasticity 
flexibility of demand 

Fresh Bartletts -0.9394 -1.0645 
Processing Bartletts -1.6667 -0.6000 

Thus, if quantity of fresh Bart
letts decreases by 1 percent, price will 
increase by approximately 1 percent. 
Also, a 1 percent decrease in processing 
Bartletts means that price will increase 
by more than 1 percent. Economic theory 
suggests, however, that with an elas
ticity greater than 1, a decrease in 
quantity will cause a decrease in total 
revenue as well as an increase in price. 
Correspondingly, with an elasticity of 
less than 1, a decrease in quantity wi II 
cause an increase in total revenue as 
well as an increase in price. 'fhere
fore, total revenue gains in the 
processing market would be offset to 

some extent by total revenue losses in 
the fresh market. 

Further complicating the inter
pretation of elasticity analysis is the 
potential shift of pears between the 
fresh and processing market alterna
tives. The computed elasticity of 
processing allocation with respect to 
processing price is 0.31 (45). This 
indicates that, other things being 
equal, the grower allocation to proc
essing will increase by approximately 
0.3 of 1 percent if the processing price 
is increased by 1 percent (45). Thus, 
an increase in the processing price 
would shift fresh market fruit to 
processi ng and dampen price increases, 
and vice versa. It must be emphasized 
that use of any of these elasticity 
estimates does not take into considera
tion the large change in percentages of 
U.S. #1 and U.S. #2 associated with pear 
psylla damage which would generally 
depress prices received for the fruit. 
The full effect on price will depend 
upon the acceptance or nonacceptance by 
the consumer of a lower quality U.s. #2 
pear. 

CHAPTER 3 


BENEFIT ANALYSIS OF AMITRAZ USE ON APPLES 


Introduction 

Appies are produced commercially in 
35 States. The 1977 crop of 6.7 billion 
pounds was valued at $621 mi Ilion (Table 
29). In 1977, the top 10 producing 
States were (in order) Washington, New 
York, Michigan, Cal ifornia, Pennsyl
vania, Virgina, North Carol ina, West 
Virginia, Oregon, and New Jersey. These 
States accounted for 83 percent of the 
1977 crop and 78 percent of the value of 
production. The State of Washington is 
by far the leading producer, accounting 
for 31 percent of the 1977 crop and 30 
percent of U. S. production. 

Annual per-capita consumption of 
apples (fresh and processed) has ranged 
from 25.0 pounds to 29.6 pounds during 
the period 1970-1975 (79). Americans 
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consumed an average of 17.4 pounds (;:f 

fresh apples in 1975, representing 21.2 
percent of total per-capita fresh fruit 
comsumption (82 pounds). Total (fresh 
and process) per-capita apple comsump
tion (27.7 pou nd s) represen ted 13. 1 per
cent of the 211.4 pounds (fresh weight 
equivalent) of all fruit consumed per 
person during 1975. 

Current Use Analysis 

EPA Registrations of Amitraz 
and Alternatives 

Amitraz is not currentl y registered 
by the Environmental Protection Agency 
(EPA) for use on apples. Limited emer
gency use registrations were granted by 
EPA during 1977 and 1978 for the use of 
amitraz to control pear psylla, Psylla 



Table 29. --Apples, commercial crop 

Production Value of 
State (t!0unds utilized) Price eer ton utilized eroduction 

1975 1976 1977 1975 1976 1977 1975 1976 1977 

-----million units------ ---------cents-------- -------1,000 dollars--------

Ark. 21.1 11.0 23.0 7.9 11. 1 8.8 1,667 1,221 2,024 
Calif. '~iiO .0 480.0 480.0 5.8 6.3 7.0 26,680 30,240 33,600 
Colo. 95.0 74.0 80.0 5.4 8.6 9.9 5,130 6,364 7,920 
Conn. 47.5 33.0 43.0 10.7 13 .9 13.5 5,083 4,587 5,805 
Del. 14.0 13 .0 13.5 6.5 9.5 9.0 910 1,235 1,215 

1/
Ga. 21.0 20.0 9.2 8.4 1,932 1,680 
Idaho 95.0 125.0 110.0 11. 1 12.3 13 .8 10,545 15,375 15, 180 
III. 112.0 86.0 105.0 7.6 10.2 9.2 8,512 8,772 9,660 
Ind. 76.0 25.0 52.0 8. 1 12.4 11 .0 6,156 3,100 5,720 
Iowa 9.3 6.0 12.3 10.2 10.6 1?.7 949 636 1,562 
Kans. 16.6 11.4 16.0 8.7 7.9 8.7 1,444 901 1,392 

Ky. 21.4 13.7 19.8 9.7 10.8 11.4 2,076 1,480 2,257 
Maine 73.0 75.0 88.0 10.2 12.5 12.5 7,446 9,375 11,000 
Md. 79.0 63.0 70.0 7.0 9.8 9.4 5,530 6,174 6,580 
Mass. 98.0 95.0 92.0 10.4 14.6 12.7 10,192 13 ,870 11,684 
Mich. 680.0 480.0 540.0 5. 1 8.8 8.4 34,680 42,240 45,360 

Minn. 18.5 23.5 18.5 12.9 11.8 14.7 2,387 2,773 2,720 
r·."o. 67.0 50.0 58.0 12.4 15.3 12.1 8,308 7,650 7,018 
N.H. 55.0 57.0 57.5 10.4 13.1 12.2 5,720 7,467 7,015 
N. J. 110.0 90.0 135.0 6.4 9. 1 8.8 7,040 8,190 11,880 
N. Mex. 11.0 26.0 33.0 12.5 11.8 11.8 1,375 3,068 3,894 

Ii. Y • 860.0 820.0 900.0 6.8 7.9 8.6 58,480 64,780 77 ,400 
N.C. 280 •. 0 265.0 270.0 5.9 9. 1 9.4 16,520 24, 115 25,380 
Ohio 152.0 105.0 65.0 9.6 14.4 14.2 14,592 15, 120 9,230 
Oreg. 150.0 170.0 140.0 4.8 7.2 9.5 7,200 12,240 13,300 
Pa. 503.5 359.0 430.0 5.9 8.3 8.9 29,707 29,797 38,270 

R. I. 5.7 5.3 5.0 11.5 12.8 13 .2 656 678 660 
S.C. 21.0 23.0 25.0 10.1 10.4 8.2 2, 121 2,392 2,050 
Tenn. 10.0 8.0 10.0 10.6 10.9 11.0 1,060 872 1,100 
Utah 44.0 40.0 47.0 6.3 9.3 10.8 2,772 3,720 5,076 
Vt. 42.0 47.0 44.0 10.3 12.0 11.9 4,326 5,640 5,236 

Va. 395.0 212.0 323.5 5.0 7.6 9.1 19,750 16,112 29,439 
Wash. 2,200.0 2,250.0 2,100.0 6.1 8.5 9.0 134,200 191,250 189,000 
W. Va. 216.0 200.0 220.0 5.4 8.3 10.0 11,664 16,600 22,000 
Wis. 64.0 52.0 56.0 9.4 11.8 13.7 6,016 6,136 7,672 
U.S. 7,102.6 6,414.9 6,702.1 6.5 8.8 9.3 460,894 566, 102 620,979 

1.1 Estimates not available prior to the 1976 crop. 
Source: U.S. Department of Agriculture, 1978 (80). 
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pyricola Foerster, on pears. Amitraz 
has not, however, been used on apples in 
the United States, othe.r than on an 
experimental basis. 

Under the proposed label, amitraz 
would be used on apples primarily to 
control European red mites, Panonychus 
ulmi (Koch); apple rust mites, Aculus 
S'ChTechtendal i (N alepa); and two-spotted 
spider mites, Tetranychus urticae 
Koch. Amitraz would also provide some 
suppression of certain insect pests 
of apples, including codling moths, 
Laspeyresia pomonella (L.); white apple 
leafhoppers, Typhlocyba pomaria McAtee; 
tentiform leafminers, Lithocolletis spp.; 
apple maggots, Rhagoletis pomonella 
(Walsh); apple aphids, Aphis pomi De 
Geer; and McDan iel sp ider mites, 
Tetranychus mcdanieli McGregor. AI,li
traz formulated as BAAM® E C (1.5 pou nds 
a. i. per gallon) is proposed for use on 
apples for European red mite and apple 
rust mite control at the rate of 2 to 
2.5 quarts per 400 gallons of water 
(dilute spray coverage) with the use of 
a conventional sprayer, or 1 to 1.5 
pints per 100 gallons of water with a 
concentrate sprayer. For two-spotted 
spider mites the proposed rate is 2.5 
to 3 quarts per 400 gallons of water 
(dilute spray coverage) with the use 
of a conventional sprayer, or 1.25 to 
1.5 pints per 100 gallons of water with 
a concentrate sprayer. 

Several other materials are registered 
by EPA and are in widespread use for 
control of mite pests on apples (Table 
30). 

State Registrations of Amitraz 
and Alternatives 

No State has petitioned EPA for an 
emergency exemption or other special 
registration to use amitraz on apples. 

Recommendations for Use of Amitraz 
and Alternatives 

State Re.commendations 

I nasmuch as amitraz is not. registered 
for use on apples in the United States, 
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it has not appeared in State apple pest 
control guides. Of the currently avail
able materials registered for control of 
European red mite, two-spotted spider 
mite, and apple rust mite, dormant 
oil is the most widely recommended 
material (based on the State spray 
guides examined). Cyhexatin (Plic
tran®), dicofol (Kelthane®), propargite 
(Omite®), ethion, fenbutatin-oxide (Ven
dex®) , and formetanate hydrochloride 
(Carzol®) are also widely recommended 
for mite control on apples (Table 31). 

Federal Guidelines 

The USDA pesticide guidel ines 
include dormant oil, demeton, dicofol, 
ethion, tetradifon, and propargite for 
European red mite and two-spotted spider 
mite control (Table 31) • Miticides 
included for apple rust mite control by 
USDA include carbaryl, dicofol, 
endosulfan, and ethion. 

Use of Amitraz and Currently 
Registered Mitic.ides 

Amitraz 

Amitraz may be used on up to 10 
percent of the 521, 000 acres of apples 
grown in the United States if the mater
ial becomes available for general use in 
the near future. Based on chemical 
similarity, price, and reported effec
tiveness (34), it is assumed that 
amitraz will replace chlordimeform. 
Analysis of public and confidential data 
sources indi.cates that, had chlordime
form remained available through 1978, it 
may have been used on about 10 percent 
of domestic apple acreage. This figure 
is assumed to represent the maximum 
amitraz use level were i\1 available 
for use by growers in 1978.- Of the 
estimated 52,000 acres of apples that 
might be treated with amitraz on an 
annual basis in the near term, about 75 
percent, or 39,000 acres, would be of 
bearing age and 25 percent, or 13,000 
acres, would be nonbearing. This pro
jection is based on a review of orchard 

51 The label rate is 2 to 2.5 
quarts per acre. 



Table 30.--EPA registered controls for European red mite, apple rust mite, 
and two-spotted spider mite on apples 

Pesticide 

azinphosmethyl ]J 
carbaryl ]) 
carbophenothion]) 
chlordimeform 
chloropropylate 

cyhexatin 
demeton 
diazinon 
dicofol 
dimethoate 

dormant oil 
endosulfan ]) 
fenbutatin-oxide 
formetanate hydrochloride 
lime sulfur 

malathion Jj 
oi I (superior type) 

phosalone 
phosmet~l 
propargite 
sulfur 

tetradifon 11 

11 I ncludes mixture registrations. 

European 
red mite 

x 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 

Apple 
rust mite 

X 

X 


X 


X 

X 


X 

X 
X 
X 

X 

X 
X 

X 

X 

21 Suppression only. Source: Microfiche registration data, 
Environmental Protection Agency, 1976. 

Two-spotted 
spider mite 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 

U.S. 

surveys for Virginia, New York, and 
Pennsylvania (49,56, 83) • Virtually all 
of the apple acreage treated with ami
traz would be located in the Eastern and 
North Central States. 

Based on an average application 
rate of 2.25 quarts of BAAM® EC (1.5 
a.i. per gallon) per acre, an estimated 
44,200 pounds of amitraz active ingredi
ent would be required to treat the 
52,000 acres of apples expected to re
ceive amitraz applications if the mater
ial becomes available for general use. ~I 

Amitraz has a negative impact on 
beneficial (predatory) mites as well as 
on target mite species. This is evident 

from a portion of the environmental 
hazard warning on the BAAM® EC label 
issued for use on pears. The label 
warning reads (in part): 

Because of BAAM"s broad-spectrum 
acaricidal activity, it is largelv 
nonselective to predaceous mites 
such as Typhlodromus occidentalis, 
Amblyseius fallacis, and mites of 
the family Stigmaeidae. 

Because of these adverse effects, 
it is unlikely that amitraz will be used 
in areas where pest mite sp1ecies are 
kept below damaging levels by an inte
grated biological program in which pre
daceous mites play a significant role. 
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Table 31.--Summary of State recommendations and Federal guidelines for contrrl of 
European red mite, apple rust mite, and two-spotted spider mite on apples l 

States/USDA 
Pesticide Calif. Colo. Conn. Mich. N. Y. Oreg. Pa. Va. Wash. W. Va. USDA 

azinphosmethyl T E,T E T 
carbaryl T A A 
carbophenothion E, T T E,T E 
chlordimeform T E E,T E 
chlorobenzilate E, T 

chloropropylate T T E E,T 
,cyhexatin E, T E,T T E E,A,T t:,

T E,T E E T 
demeton T E,; E T E,T 
diazinon E E T 
dicofol E,T T E E,A,T T E T E,A,T 

dimethoate E,T E T 
dioxathion T 
dormant oil E,T E,T T E E,T E,T E,T E E,A E,T E,T 
endosulfan A A A 
ethion E,T E,T E,T E,A E,A,T 

fenbutatin-oxide E, T T E,T E,T E 
fOill~ctanate 

hydrochloride T T E E,T E,T E 
lime sulfur 

( polysulfides) E,T A 
methomyl T T 
methoxychlor T 

organophosphates E 
oxythioquinox T T 
parathion T 
phosalone T E,T E T 
phosmet T E,T E T 

phosphamidon E T 
propargite E, T E,T T E E,T E,T E,T E E T E,T 
tetradifon E, T E,T 
tetraethyl 

pyrophosphate T 

1/ E = European red mite, A = Apple rust mite, T= Two-spotted spider mite. Recom
mendations for certain States (that is, Conn., Pa., Va., W. Va.) frequently aggregate 
various species into "mites." In these cases, it is probably reasonable to conclude 
the material is effective for European red, apple rust, and two-spotted spider mites. 
Of those S'i.ate guides in which controls are recommended for specific mite species, no 
apple rust mite recommendations were given by Calif., Colo., Mich., and Oreg.; 
two-spotted spider mite was not identified in the Washington guide. 

Source~: University of California, 1978; Colorado State University, 1976; Michi
gan State University, 1975; Cornell University, 1978; Oregon State University, 1977; 
Pennsylvania State University, 1976; Virginia Polytechnic Institute and State Univer
sity, 1974; West Virginia University, 1976; Washington State University, 1977; U.S. 
Department of Agriculture, 1974. 
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In Washington, Oregon, and California, 
predator mite populations are maintained 
by minimum use of broad-spectrum 
organophosphate pesticides. Apple rust 
mites are permitted to develop in the 
early part of the season, because apple 
trees C;:ln withstand relatively high rust 
mite populations without damage. The 
rust mites act as a food source for 
predator mites, which multiply as the 
season progresses (feeding on the rust 
mites) to population levels capable of 
controlling the major mite pests of the 
summe.r period (two-spotted mites, 
McDaniel mites, and European red mites). 
Owing to the nonspecific nature of ami
traz, its limited effectiveness, and the 
success of the biological program util
ized by western apple growers, amitraz 
is not expected to be used to any major 
extent on apples in California, Oregon, 
or ~"ashington (1,7,32,61,92). According 
to Hoyt (32), a small amount of amitraz 
may be used on western apples that are 
interplanted with pears. The pears 
would probably be treated with amitraz 
for pear psylla control, and therefore 
the interplanted apples might also 
receive applications of amitraz. 

In contrast to the situation in the 
Western States, amitraz is expected to 
have a market in the Eastern and North 
Central apple-producing areas. Inte
grated biological pest control programs 
for mites are generally not satisfactory 
for crop protection in the Eastern 
United States. Acaricides are used rou
tinely in many areas for mite control, 
and broad-spectrum organophosphate 
insecticides are widely used to control 
such pests as aphids, apple maggots, 
codling moth, scales, and the leafroller 
complex, which reduces the predator mite 
species. Although biological control 
agents such as lady bird beetles and 
predaceous mites are released by growers 
in many eastern areas to control mite 
pests (for example, Michigan and Penn
sylvania (14,33)), apparently there are 
large apple areas where biological con
trol is not sufficient to protect the 
crop against mites. State research and 
extension personnel have indicated a 
need for another material, to be used in 
rotation with the currently effective 

apple miticides, to minimize mite 
resistance potential in apples (30,31). 
Further advances in biological and pest 
control technology in the Eastern States 
adapted to eastern cultural and climatic 
conditions should, however, eventually 
limit the use of broad-spectrum 
acaricides and insecticides (34). 

Currently available data indicate 
that of the 521,000 acres of apples in 
the United States, 344,000 are located 
in the Eastern and North Central States 
(Table 32). The 39,000 acres expected 
to receive amitraz applications there
fore represent 10 percent and 15.1 
percent of the estimated 391,000 and 
258,000 bearing apple acres in the 
United States and Eastern and North 
Central States, respectively (assuming 
that 75 percent of the apples in the 
United States and the Eastern and North 
Central area are of bearing age). The 
available data indicate that the pro
jected amitraz use leve; would result in 
the treatment on an annual basis of up 
to 12.2 percent of the fresh apple crop 
and 8.2 percent of the process apple 
crop. These estimates were calculated 
as follows: 

Apple acreage: 
Non-

Total Bearing bearing 
East-North 

Central 344,000 258,000 86,000 
U.S. 521,000 391,000 130,000 

Apple production: ~/ 
Fresh Process 

East-North 
Central 55 pet 45 pet 

U.S. 44 pet 56 pct 

Assuming that 75 percent of all acres 
are bearing and that fresh and process 
apples are produced on acres intended 
for the respective markets, then: 

6/ As reported by U.S. Department 
of Agriculture (80). Based on 3-year 
average (1975, 1976, 1977) for total 
production and 2-year average (1975, 
1976) for process and fresh production. 



Table 32. --Number of acres grown, acres treated, acres not treated, growers, users, 
and non-users of miticides, total treatment acres, and total dollars by area, as 
estimated for 1975 (Crop: Apples; Product: Miticides) 

Acres grown 
Acres treated Jj 
Acres not treated 
Number of growers 
Users of miticides 
Non-users of miticides _I 
Total treatment acres ~ 
Total doll ars 

North-
Total U.S. East Central Vlest 

521,000 
408,000 
113,000 

19,900 
16,633 
3,367 

1,415,000 
7,099,000 

235,000 
188,000 
47,000 

5,225 
4,912 

313 
794,000 

3,762,000 

109,000 
84,000 
25,000 
4,230 
3,426 

804 
293,000 

1,393,000 

152,000 
114,000 
38,000 
7,295 
5,617 
1,678 

220,000 
1,589,000 

1I Does not include multiple applications.
21 Includes mUltiple applications. 

Source: 1972, 1973, and 1974 Doane Specialty Crops Studies. 


258,000 E-NC bearing acres x 55 pet 
fresh = 142,000 bearing fresh acres. 

258,000 E-NC bearing acres x 45 pct 
process = 116,000 bearing process acres. 

391,000 U. S. bearing acres x 44 pct 
fresh = 172,000 bearing fresh acres. 

391,000 U.S. bearing acres x 56 pct 
process = 219,000 bearing process acres. 

142,000 x 15.1 pct 
21,000 acres ENC fresh 

116,000 x 15.1 pct 
18,000 acres ENC 
treated. 

amitraz-treated = 
bearing treated. 

amitraz-treated = 
process bearing 

21,000 + 172,000 = 12.2 pct of U.S. 
fresh crop treated with amitraz. 

18,000 + 219,000 = 8.2 pct of U.S. 
process crop treated with amitraz. 

Currently Registered Miticides 

At the present time, several miti 
cides are registered, recommended, and 
in widespread use for mite control on 
apples. Miticide use data for apples 
(Table 33) show that cyhexatin (Plic
tran®), oil, demeton (Systox®), and 
propargite (Omite®) are the most widely 
used materials at present. Cyhexatin is 
by far the single most widely used 
miticide on apples; in 1975, 300,000 
cyhexatin acre-treatments were applied 

to 200,000 acres of domestic apples, 
representing 38 percent of total acres 
grown. I n the same year, oi I (alone and 
in combination with other pesticides) 
was applied to 22 percent of U. S. apple 
acres. About 15 and 12 percent of total 
acres were treated with demeton and 
propargite, respectively. Altogether, 
more that 78 percent of U. S. apple acres 
were treated for mite control in 1975 
(Table 32). 

Performance Evaluation of Amitraz 
and Alternatives 

Pest Infestation and Damage 

European Red Mite (Panonychus ulmi 
( Koch)) 

Host and Distribution: The Euro
pean red mite is found throughout most 
of the U.S. and Southern Canada. It 
attacks all fruit trees as well as other 
trees, shrubs, and berries (58). 

Damage: European red mites tend to 
populate the peripheral foliage of the 
tree. The presence of dust on foliage 
tends to favor an increase in mite pop
ulations. Many generations occur in a 
single season, which accounts for the 
very rapid buildup of extremely large 
damaging populations (38). 
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Table 33.--Expenditures, total treatment acres, growers treating, and average number of applications by type 
of chemical applied, as estimated for 1975 (Crop: Apples; Product: Miticides) 

EXEenditures Total treatments 17 Growers treating Average number 
acres Eercent growers Eercent of appl icationsTYEe of Chemical dollars Eercent 

Area: Total U. S. 000 000 
diazinon 31 0.4 6 0.4 207 1.3 2.3 
Fundal® 106 1.5 14 1.0 336 2.0 1.5 
Galecron® 116 1.6 7 0.5 200 1.2 1.6 

0.2 2 0.1 259 1.6 1.3ethion 13 
Guthion® 481 6.8 100 7.1 986 5.9 5.4 

39 2.8 585 3.5 2.5Imid~m® 78 1 • 1 
Kelthane® 72 1.0 20 1.4 450 2.7 1.7 

1.0 336 2.0 i .2Morestan® 104 1.5 14 
Omite® 394 5.6 137 9.7 2,594 15.6 2. 1 

phosphamidon 30 0.4 18 1.3 328 2.0 1.8 
Systox® 322 4.5 115 8.1 1,508 9.1 1.5 

0.9 3 0.2 213 1.3 1.5Thiodan® 61 
4.2 106 7.5 3,422 20.6 1.3oil 297 

Zolone® 656 9.2 96 6.8 1,242 7.5 3.2 
Plictran® 2,354 33.2 300 21.2 4,279 25.8 1.5 
Karathane® 56 0.8 10 0.7 466 2.8 3.9 
Morocide® 91 1.3 11 0.8 175 1 • 1 1.2 
Carzol® 101 1.4 19 1.3 274 1.7 1.8 
Cygon® 96 1.4 24 1.7 160 1.0 4.2 
Dikar® 537 7.6 98 6.9 772 4.7 6.5 

sulfur 7 O. 1 6 0.4 135 0.8 6.0 
Tedion® 7 0.1 1 o. 1 155 0.9 2.0 

parathion 11 0.2 14 1.0 234 1.4 3.6 
ethion/oil 72 1.0 10 0.7 531 3.2 1.0 
I midan® / Guthion® 122 1.7 22 1.6 155 0.9 5.0 

oil/sulfur 6 O. 1 1 O. 1 203 1.2 1.0 

oil/parathion 101 1.4 19 1.3 544 3.3 1.0 
3 0.2 207 1.3 1.0oil/diazinon 15 0.2 

Plictran® I Guthion® 24 0.3 4 0.3 415 2.5 1.0 
other miscellaneous chemicals 446 6.3 147 10.4 1,336 8. 1 3. 1 
other miscellaneous combinations 273 3.8 46 3.3 1,946 11.7 1.3 

unidentified 15 0.2 2 O. 1 36 0.2 2.4 
Subtotal 7,095 100.0 1,414 100.0 16,590 
No answer 4 1 43 
Total 7,099 1,415 16,633 

~ 
1.0 
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Table 33.--'-Expenditures, total treatment acres, growers treating, and average nUr.1ber of applications by type 
of chemical applied, as estimated for 1975 (Crop: Apples; Product: Miticides) (continued) 

Expenditures Total treatments 17 Growers treating Average number 
Type of Chemical dollars percent acres percent growers percent of appl ications 

Area: East 000 000 
Fundal® 56 1.5 6 0.8 138 2.8 1.0 
Galecron® 90 2.4 5 0.6 172 3.5 1.3 
Imidan® 38 1.0 26 3.3 236 4.8 2.2 
Kelthane® 72 1.9 14 1.8 236 4.8 1.6 
Morestan® 38 1.0 5 0.6 138 2.8 1.7 
Omite® 203 5.4 54 6.8 639 13 .0 2.2 
Systox® 256 6.8 94 11.8 1,086 22. 1 1.6 
oil 98 2.6 42 5.3 1, 135 23. 1 1.3 
Zolone® 549 14.6 81 10.2 545 11. 1 3.3 
Plictran® 943 25.1 141 17.8 2,078 42.3 1.5 
Carzol® 94 2.5 17 2. 1 236 4.8 1.8 
Cygon® 90 2.4 22 2.8 138 2.8 4.2 
Dikar® 388 10.3 52 6.5 545 11. 1 5.5 
parathion 11 0.3 13 1.6 201 4. 1 3.5 
Guthion® 323 8.6 70 8.8 408 8.3 5.7 
other miscellaneous chemicals 316 8.4 119 15.0 712 14.5 3.9 
other miscellaneous combinations 196 5.2 33 4.2 540 11.0 2.7 
Subtotal 3,761 100.0 794 100.0 4,911 
No answer 1 1 
Total 3,762 794 4,912 

Area: North-Central 000 000 
Dikar® 113 8. 1 39 13 .4 120 3.5 9.5 
Fundal® 29 2. 1 5 1.7 151 4.4 1.7 
Kelthane® 14 1.0 4 1.4 151 4.4 1.5 
Morestan® 59 4.3 8 2.7 151 4.4 1.0 
Morocide® 53 3.8 10 3.4 151 4.4 1 • 1 
oil 106 7.6 36 12.3 1,031 30.1 1.6 
Omite® 109 7.8 36 12.3 552 16.1 1.7 
Plictran® 552 39.6 76 25.7 1,706 49.8 1.7 
Systox 45 3.2 11 3.8 212 6.2 1.4 



Table 33.--Expenditures, total treatment acres, growers treating, and average number of applications by type 
of chemical applied, as estimated for 1975 (Crop: Apples; Product: Miticides) (continued) 

Expenditures Total treatments 1/ Growers treating Average number 
Type of Chemical doll()r~u__p~rcenJ acres percent growers percent of applications 

Area: North Central (continued) 000 000 
Zolone~ 43 3. 1 15 5. 1 212 6.2 3.0 
Guthion® 88 6.3 15 5. 1 274 8.0 4.7 
other miscellaneous chemicals 153 11.0 32 11.0 528 15.4 2.7 
other miscellaneous combinations 15 1.1 4 1.4 243 7.1 1.3 
unidentified 14 1.0 2 0.7 31 0.9 1.0 
Subtotal 1,393 100.0 293 100.0 3,426 
No answer 
Total 1,393 293 3,426 

Area: West 000 000 
diazinon 29 1.8 6 2.7 178 3.2 3.0 
ethion 13 0.8 2 0.9 223 4.0 2.0 
Guthion~ 38 2.4 5 2.3 167 3.0 2.3 
Imidan® 35 2.2 9 4. 1 268 4.8 2.3 
Karathane® 32 2.0 5 2.3 401 7.2 1.3 
Omite~ 165 10.4 42 19.1 1,042 18.7 2.4 
oil 73 4..6 17 7.7 780 14.0 1.0 
Plictran~ 704 44.3 59 26.8 1,978 35.5 1.3 
ethion/oil 67 4.2 9 4.1 457 8.2 1.0 
Zolone~ 21 1.3 5 2.3 312 5.6 1.7 
oil/sulfur 6 0.4 1 0.5 178 3.2 1.0 
oil/parathion 94 5.9 17 7.7 468 8.4 1.0 
oilldiazinon 14 0.9 3 1.4 178 3.2 1.0 
Plictran® / Guthion® 22 1.4 4 1.8 357 6.4 1.0 
other miscellaneous chemicals 117 7.4 12 5.4 624 11.2 1.5 
other miscellaneous combinations 158 10.0 24 10.9 1,025 18.4 1.1 
Subtotal 1,588 100.0 220 100.0 5,573 
t~o answer 1 44 
Total 1,589 220 5,617 

1/ Includes mul tiple appl ications. Source: 1972, 1973, 1974 Doane Specialty Crops Studies. 
"-l 



Spider mites (includes European 
red mite) cause a general weakening of 
trees. pfadt (58) reports studies 
showing that 35 percent or more of the 
chlorophyll in apple foliage may be 
removed by mite feeding, thus depressing 
photosynthesis and increasing respira
tion. Initially, mIte damage to foliage 
appears as fine white speckling, which 
extends and turns brownish as mites con
tinue to feed. In severe infestations, 
the leaves may become entirely brown and 
drop from the tree. Mite damage stimu
lates late summer or fall regrowth of 
the tree and may result in winter kill 
of terminals. Oamaoe to foliage may 
result in reduced size and number of 
fruits produced per tree, and/or cause 
off-color in the fruits and fruit drop. 

Pest Status: Correct timing and 
care in selecting pesticides will reduce 
harm to natural predators of mites. The 
European red mite is best controlled in 
the dormant spray period. Summer appl i
cations for European red mite control 
would eliminate the apple rust mite and 
lead to predator mite starvation. High 
populations of predator mites can devel
op wilen their alternative host rust 
mites are maintained at nondamaging 
levels. To control codling moth, azin
phosmethyl should be applied no later 
than 21 days after full bloom and the 
dosage should be reduced. The next 
application should be made 18 to 21 days 
later; diazinon, Imidan®, or phosalone 
may be substituted for azinphosmethyl. 
If miticides are required during the 
summer, dinocap, oxythioquinox, and 
Omite® are the preferred materials. 
Oxythioquinox and Omite® are partic
ularly useful because they improve the 
balance between predators and plant
feeding mites. The European red 
mite has no known parasite, but there 
are several predators. These predators 
are (58): Lace Wings - Chrysopa; Lady 
Beetle Stethorus punetum (Eastern 
U.S.), Stethorus picipes (Western U.S.); 
Phytoseiid predator mites - r·Aetaseiulus 
spp., Amblyseius spp., Neoseiulus spp., 
Zetzellia spp., Agistemus spp.; Mirid 
Bugs - Deraeocoris spp., Compylomma 
spp.; Pirate Bugs - Orius spp., Antho
coris spp.; Thrips - Haplothrips spp. 

Life History: The bright red
colored eggs survive the winter attached 
to twigs and limbs. These eggs hatch 
with the first warm weather of spring 
and the larvae congregate on young 
leaves. The larvae feed 2 to 3 days and 
then become quiescent for the same 
amount of time. After the next molt the 
larvae become protonymphs, which feed 
for 2 to 4 days and then become quies
cent for 2 to 4 days. Likewise, in the 
next deutonymph stage, the mite feeds 2 
to 6 days and rests for the same time 
period. These immature stages usually 
are completed in 1 to 3 weeks. The 
deutonymph makes the last molt to become 
an adult. The mature female adult will 
lay about 25 eggs. The types of eggs 
laid are determined by the length of the 
daylight hour. Long photoperiods (16 
hours) cause first generation European 
red mites to become IIsummer females, II 
which lay eggs destined to hatch in 5 to 
10 days. Shorter periods (14 hours) 
cause late summer generations to become 
"winter females, II which lay mostly dia
pausing eggs requiring about 150 days of 
chi II ing before hatching (58). 

Apple Rust Mite (Aculus schlechtendali 
(Nalepa» 

Host and Distribution: The apple 
rust mite is associated with all apple 
areas of the continental Uni ted States. 
I n the t~orth Central and Eastern parts 
of North America the apple rust mite is 
one of the most destructive mites (46). 

Damage: The mite damages apple 
foliage by removing the cellular content 
from apple leaves until the leaves 
gradually acquire a si Ivery appearance. 
Heavy infestations may cause brownish 
blisters to appear on the underside of 
the leaves and some defoliation to 
occur. In time, mite feeding causes 
poor siz ing and color qual ity of fruit, 
excessive fruit drop during the season, 
reduced blossom and fruit set in subse
quent years, and a general decline in 
tree vigor (46). 

The apple rust mite also causes 
fruit buds to turn brown and flare open 
in winter. Mit€.'; enter the bud scales 
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in August or September, and overwinter 
there. This burrowing under the fruit 
scales produces weak flowers and emaci
ated fruit (75). 

Pest Status: Management of apple 
rust mites is important. Predator mites 
do not eliminate the apple rust mite. 
Populations of predators, however, will 
develop by feeding on this species. The 
most effective integrated control pro
grams have occurred where rust mites are 
maintained at nondamaging levels, thus 
allowing development of high populations 
of predators. Apple rust mite control 
measures should be minimized where 
growers are carrying on an integrated 
mite control program, because this mite 
serves as an alternative food source for 
predator mites. Growers should not 
attempt to reduce rust mites unless 
excessive numbers are present. Less 
than 50 mites per leaf in May Qr 250 in 
late June would not be excess.,'!'<,' ~':6). 

The predator mite Amblyseius falla
cis overwinters in debri,s beneath the 
tree or on the tree tru nk <. near the base. 
In the spring it feeds on two-spotted 
spider mites and other phytophagous mite 
species in the ground cover. From mid
June to the end of the growing season, 
A. fallacis migrate to fruit trees and 
prey on developing European red mite, 
two-spotted spider mite, or apple rust 
mite populations (46). 

Life History: The apple rust mite 
Dverwinters in crevices on twigs and 
under buds on the tree, emerging to feed 
principally on the under surfaces of the 
leaves as the buds begin to open in the 
spring (86). 

I n the spring apple rust mites 
migrate onto the fol iage before bloom. 
Several generations are reproduced per 
season and these mites can attain levels 
of more than 1,000 per leaf during June 
or July (14). 

Two-Spotted Spider Mite (Tetranychus 
urticae Koch) 

Host and Distribution: The two
spotted spider mite is the most common 

species, and is found throughout the 
country on a wide variety of crops. It 
is nearly cosmopolitan in distribution 
(58). 

Damage: The two-spotted spider 
mite is one of the three most destruc
tive mites occurring in apple orchards 
of North Central and Eastern North 
America. I n addition to apples, the 
two-spotted spider mite is a destructive 
pest of roses, beans, cotton, hops, 
strawberries, cucurbits, and almonds 
(58). 

Two-spotted spider mites damage 
apple foliage by removing the cellular 
content from leaves, until gradually the 
leaf exhibits a fine yellow-green ap
pearance. All active stages of the mite 
remove plant sap, usually from the under 
surface of the leaves, resulting in tiny 
light spots. Heavy mite infestations 
may cause bronzing of leaves and some 
defoliation. In time, mite feeding 
causes poor sizing and color quality of 
the fruit, excessive fruit drop during 
the season, reduced blossom and fruit 
set in subsequent years, and a general 
decline in tree vigor (46). 

Pest Status: The intensive spray 
programs to control the codling moth 
have affected the population regulation 
of other pests; they have reduced 
some populations to insignificance and 
caused other populations, such as 
the redbanded leafroller, the pear 
psylla" European red mite, and two
spotted spider mite, to increase. 
According to Metcalf and Luckmann 
(46), it has been very difficult to 
develop pest management programs in 
some apple and peach orchards because 
of the tyranny of the codling moth 
spray schedules. 

Since its first appearance, the 
two-spotted spider rni te has developed 
resistance to virtually every acaricide. 
Combinations of materials have been ap
pi ied i.n an attempt to combine chemicals 
with different modes of action and thus 
improve control. Which of the many 
chemical approaches is best in providing 
control and avoiding resistance has not 
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been clearly demonstrated. All are 
plagued by the presence of a high degree 
of cross resistance, that is to say, 
when a population develops resistance to 
one material, it may at the same time be 
developing resistance to other mater
ials. Resistance in mites has been 
demonstrated to be a complex phenomenon 
of population genetics (58). 

Integrated control is the most 
promlsmg system for managing the 
complex spider mite problems on tree 
fruits. The program developed by S. C. 
Hoyt (32), for use on apples in central 
Washington, is an example of this devel
opment. Selective insecticides, dosages 
and timing, along with altered appli
cation techniques, are utilized to 
integratE:: chemical and natural control 
of mites. The four principal require
ments for practical operation are: 

1. Presence of the predaceous 
mite (Metaseiulus occidentalis) in the 
orchard. 

2. Knowledge of the appearance and 
habits of plant-feeding and predaceous 
mites. 

3. Careful examination of relative 
numbers of predators and plant feeding 
mites, particularly during a period when 
rapid population changes are occurring. 

4. Knowiedge of what materials to 
use, how to use them, and what materials 
to avoid, in order to conserve predators 
(58). 

Predatory mites, spiders, and 
severa: predaceous insects control phy
tophagous mites in orchards where 
pestiCides are not sprayed. Phytopha
gous mites have developed resistance to 
many broad-spectrum chemicals, while 
most compounds remain toxic to their 
natural enemies. When insecticides are 
applied for key (fol'" example, codling 
moth) pest control, phytophagous mites 
are released from regulation by natural 
enemies, populations increase to out
break levels, and miticides are applied 
several times during a season (46). 

Life History: I n the spring, two
spotted spider mites occur principaUy 
on the ground cover after emerging as 

adult females from overwintering si tes 
in debris near the tree base. During 
mid- to late-summer, these mites may 
enter the foliage and cause damage, but 
in late season they again return to the 
tree base to overwinter as adult females 
(46). 

Each female may deposit up to 200 
eggs and may live 70 days; on the 
average, however, about 70 eggs are 
deposited and longevity is about 30 
days. Unfertilized eggs develop into 
male mites (58). 

Tiny clear to pale green spherical 
eggs are usually deposited on the under
sides of leaves where feeding and 
spinning of delicate webs take place. 
Hot dry weather favors rapid development 
of spider mites, whereas low tempera
ture, high humidity, and excess moisture 
are unfavorable. Under ideal conditions 
eggs may hatch in 3 days (16). 

The six-legged larva that hatches 
from the egg develops from 1 to 2 days 
and goes into a quiescent period. The 
next emergence is a protonymph stage 
that lasts for 1 to 3 days, and is also 
followed by a quiescent period. The fol
lowing deutonymphal stage of from 1 to 
16 day~ is an active feeding stage. The 
male has a shorter deutonymphai stage 
than the female. The adult female that 
emerges after the quiescent period has a 
preoviposition period of about 1 to 2 
days. Females have an average life of 3 
to 4 weeks, and produce eggs throughout 
this time. The length of the cycle from 
egg to egg varies from as Iittle as 5 
days to as long as 40 days (58). 

Comparative Performance Evaluation 

Numerous field trials have been 
performed that compare the effectiveness 
of amitraz versus other miticides. The 
results of experiments conducted in 
Maine, Pennsylvania, Ohio, Virginia, and 
Wisconsin during 1976 and 1977 are found 
in references: (2,22-25,28,29, 37) • 

In general, the tests compare 
amitraz with the miticides currently 
used by domestic apple producers 
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Table 34.--Comparative costs of amitraz and currently used miticides 
for apple mite control 

1/ 2/ 	 3/
Miticide 	 Cost- Rate/ Acre- Cost/ Acre-

BAAM® 1.5 EC $38.50 2.25 qt $21 .66 
PI ictran® 50 WP $12.00/lb 1.25 Ib $15.00 
Omite® 30 WP $ 2.25/lb 5 Ib $11.25 
Kelthane® 35 WP $ 2.20 lib 4 Ib $ 8.80 
Carzol® 92 WP $13 .00 / Ib 1.5 Ib $19.50 

11 BAAM® price indicated represents average 1977 grower level cost 
in-Western States (41), which is similar to the expected cost for 
eastern growers in 1978 (33). Other miticide costs provided by Hull 
(33) 	 and Green Chemical Company (27). 

2/ Per-acre application rates represent averages as taken from 
various State apple pesticide control guides. 

3/ Product of miticide cost per unit x rate per acre. Cost data 
include pesticide materials only; application method (tank mix uslng 
air-blast sprayer) and cost were assumed to be the same for amitraz 
and alternative miticides. 

(Plictran®, Omite®, Vendex®, S)'stox®, 
and Ke1thane®), and numerous devel
opmental compounds. The tests are 
difficult to evaluate from an economic 
standpoint because the results generally 
are presented in terms of pest mite 
populations remammg per leaf after 
specified treatment dates. Although the 
test results vary, examination of the 
data indicates that amitraz provides a 
level of mite control at least compar
able to the other materials used in a 
majority of the studies. Therefore, 
this analysis assumes that no overall 
change in apple yield or quality will 
occur, due to the. adoption of amitraz tG 
replace cur'rently used alternative 
miticides. 

Comparative Yield/Quality 

The foregoing section indicates 
that the availability of amitraz for use 
on apples will not have an appreciable 
impact upon the production or overall 
quality of domestic apples. The State 
research and extension personnel con
tacted during the course of this 
analysis have indicated that currently 
available apple miticides provide satis
factory mite control (1,7,30,31,33,50, 

61,88,92,96). No mention was made of 
any problems with the currently 
available materials insofar as fruit 
finish, fruit size, or overall yields 
are concerned. 

Information assembled during the 
course of this analysis did indicate, 
however, that in certain apple areas 
pest mites may be exhibiting some re
sistance to currently available miticides. 
Thus, it is possible that at some future 
date amitraz !lIay command a significant 
share of the apple miticide market. 
State personnel have indicated that, 
even in the short term, ami ~raz may be 
used in rotation with other miticides to 
reduce or prevent the problem of pest 
mite resistance (31,96). In this sense, 
amitraz may have a beneficial impact 
upon fruit yield and quality. 

Comparative Costs 

A comparison of the per-acre treat
ment costs of amitraz and currently 
used apple miticides is presented in 
Table 34. The data indicate that a 
grower switching to amitraz from 
currently used miticides woul.d incur 
increased treatment costs (at current 
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prices) ranging from $2.16 to $12.86 per 
acre treatment. 

Economic Impact Analysis 

Profile of Impact Areas 

Approximately 19,900 growers pro
duce apples on about 521,000 acres (19), 
which indicates an average U.S. orchard 
size of 26 acres. 

In the States in which amitraz 
is likely to be used if available 
(Eastern and North Central States), an 
estimated 344,000 acres of apples are 
grown by 9,455 growers (Table 32); 
average orchard size in these States 
approximates 36 acres. States in these 
areas produce about 55 percent of the 
total U. S. crop, accounting for approx
imately 50 percent and 64 percent of 
domestic fresh and process apple 
production, respectively. 7) Approx i
mately 55 percent and 45 percent of the 
total apple crop produced in the Eastern 
and North Central States enter the fresh 
and process markets, respectively. 7) 

User Impacts 

This analysis indicates that up to 
52,000 acres of apples in the Eastern 
and North Central States may be treated 
with amitraz in the short term. An 
estimated 1,429 apple growers would be 
involved in this amitraz use pattern. !.I 

Most of the growers who would be 
likely to use amitraz are currently 
applying Plictran®, Omite®, Systox®, 
Vendex®, and/or Kelthane® for summer 
mite control. As indicated in Table 34, 
the cost of treatment with all of these 

71 Total production percentage 
based on 3-year average (1975, 1976, 
1977); fresh and process percentages 
based on 2-year average (1976, 1977) 
f~om the USDA Ahoual Summary (80). 

81 User numbers estimated as fol
lows:- ratio of Eastern and North 
Central growers to acres grown (9,455: 
344,000) applied to acres treated with 
amitraz (Sl,OOO). 

materials is lower than amitraz. Thus, 
a switch to amitraz (given current 
prices) would actually result in 
increased mite contt"ol costs. The 
amitraz use estimate presented here 
seems reasonable, however, owing to the 
following: 

1. Apple growers generally are 
quick to tryout new materials, at least 
on a limited basis. Some amitraz use 
would be expected for this reason alone. 

2. The mite resistance problem 
(potential or actual) would encourage a 
certain number of growers to use 
amitraz, even at somewhat higher cost. 

3. Amitraz provides a certain 
degree of insect pest suppression as 
weI! as mite contro!. This secondary 
benefit could also be expected to stim
ulate a certain amount of amitraz use. 

4. The increased cost of control 
with amitraz should not be overempha
si zed. Although apple producers 
obviously can be expected to minimize 
production costs, the increase in 
control cost with amitraz is slight 
relative to the per-acre value of the 
crop and the total per-acre costs of 
production. Total production (growing 
and harvesting) costs for eastern apples 
average in excess of of $1,000 per 
acre.!} A grower switching from Omite® 
to BAAM® would increase his costs $10.41 
per acre or about 1 percent of total 
production costs (Table 34). Most grow
ers would readily accept cost increases 
of this magnitude if they believed the 
increase was necessary to protect the 
crop from mite damage. 

9/ Recent (1976) apple production 
budgets for New York, Pennsylvania, and 
North Carolina indicate production 
(growing and harvesting) costs of 
$949/acre, $876/acre, and $906/acre, 
respectively (Lawrence (42), Kelly (39), 
and Liner and others (43». Ave~age = 
$910/ acre. Assuming a 6 percent annual 
increase in costs due to inflation 
indicates an average 1978 easte.rn apple 
production cost of$l ,022/acre. 
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The overall user impact of 
switching from alternatives (assumed to 
be primarily Omite® and PI ictran®) is 
calculated as follows: 

Acres treated with BAAM® - 52,000 
Per-acre cost of treatment with 

BAAM® - $21.66 
Total cost of BAAM® treatments = 

$1,126,320 

Assuming 2/3 of acres treated with 
BAAM® are now treated with Plictran® 
and 1/3 with Omite®. lQ/ 

Acres treated with Plictran® = 
35,000 x $15.00/acre = $525,000 

Acres treated with Omite® = 17,000 
x $11.25/acre = $191,250 

Total cost of treatment with 
alternativer. = $716,250 

Total net ~i1crease in cost with 
BAAMiI') = $410,070. 

Average per-acre net increase in 
cost with BAAM® = $7.89. 

Inasmuch as the average farm size 
for Eastern and North Central apple 
orchards is 36.4 acres, the average 
grower adopting amitraz for use on 100 
percent of the orchard would experience 
a total control cost increase of about 
$287 per year. This would increase 

10/ This assumption by the analyst 
is based on pesticide use data for 
apples, which indicates the dominance of 
these materials compared with other 
alternative miticides and the relative 
importance of each (Table 33). These 
materials were also frequently mentioned 
by the State personnel contacted during 
the course of the analysis. It is 
recognized that some individuals may use 
amitraz in place of materials other than 
Plictran® and Omite®, for example, Kel
thane®; however, it is reasonable to 
conclude that, given comparable control 
levels, Kelthane® users would be less 
likely to use amitraz than Omite® or 
Plictran® users because of the rela
tively higher cost increase they would 
incur compared wi th current users of the 
more expensive miticides. Therefore, 
this analysis is limited to two of the 
market-dominant, relatively expensive 
alternatives. 

total production costs by about 
percent l.Y and is expected to at least 
maintain current levels of apple produc
tion. Because yield or quality would 
not be affected, these cost increases 
would not be offset by revenue gains, 
and would be absorbed by the amitraz 
users. 

Industry, Market, and Consumer Impacts 

The utilization of amitraz for mite 
control on apples in the Eastern and 
North Central States is expected to have 
virtually no overall industry or market 
effects in the short term. Amitraz may 
become increasingly important to domes
tic apple producers if mite resistance 
to the organotin compounds (cyhexatin 
and fenbutatin-oxide) becomes a wide
spread problem. 

Inasmuch as no yield or quality 
effects are projected to occur if 
amitraz is unavailable (at least in the 
short term), and the small control cost 
increases associated with the use of 
amtiraz are Iikely to be absorbed by 
users, no retail price effects or other 
consumer impacts are anticipated. 

Limitations of the Analysis 

This analysis was developed under 
the fbllowing assumptions and limita
t.ions: 

1. Amitraz is expected to occupy 
the apple market position previously 
held by chlordimeform. 

2. No fruit yield or quality ef
fects are projected to occur in the 
short term if amitraz is available for 
use on apples. 

3. Short-term users of amitraz on 
apple are expected to be growers seeking 
a miticide to be used in rotation with 
currently available materials, or grow
ers subject to real or perceived 

11/ Control cost effect = $7.89/ 
acre x 36.4 acres - $287. Production 
costs estimated at $1,022/acre $287 + 
($1,022 x 36.4) = 0.77 percent increase. 
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instances of mite resistance to cur 5. The major benefit derived from 
rently available miticides, or both. the use of amitraz on apples -- that is, 

reduction or delay of mite resistance to 
4. Control cost increases associ- available miticides cannot be 

ated with the I.!se of amitraz are expect quantified. 
ed to be absorbed by amitraz users. 
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