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THE EXXlN<MIC FE'ASIBILITY' OF TREE FRUIT INI'IDRATED PEST MANAGEMENT IN THE NORmFAST 

G. B. White and Peter Tharpson 

A pilot tree fruit pest rranagerrent program 
in Wayne County, N6f/ York was evaluated. Thirty­
three blod<s of fruit were natched for 26 parti­
cipants in the pilot program and for 23 nonparti­
cipants. Participants reduced pesticide costs 
and total pest nanagerrent costs in carparison to 
nonparticipants. Factors which will affect the 
adoption of Integrated Pest Managerrent in other 
locations include the attitudes of grcwers, farm 
size, and the density of fruit production. Inte­
grated Pest Managerrent prograrrs are econanically 
feasible for several other areas of high tree 
fruit density in the Northeast. 

Fruit grcwers in the Northeast produced 
about 28 percent of the nation 1 s deciduous fruit 
in 1978, but applied al:x::>ut 32 percent of the 
total pesticides used for these crops [Webb] . 
Integrated Pest Managerrent ( IFM) offers the po­
tential for reducing pesticide use without reduc­
ing fruit yield or quality. In this paper, re­
sul ts are reported fran a research project de­
signed to assess the econanic feasibility of IFM 
for tree fruit production in the Northeast. 

IFM is the use of rrul tiple tactics in a ccrn­
patible nanner to naintain pest populations at 
levels belcw those causing econanic injury while 
providing protection against hazards to humans, 
darestic anirrals, plants, and the environrrent 
[Apple, et al. ] • Tactics include chemical, bio­
logical, -cultural, pcysical, and genetic proce­
dures. HM delivery systems are typically based 
on infornaticn which substitutes for propcylactic 
applications of pesticides. A pilot tree fruit 
pest nanagerrent program has been in operation in 
Wayne County, N6f/ York since 1973. Trained farm 
advisors rronitor participants 1 orchards weEkly 
and advise on spray prograrrs [Tette, et al.]. In 
conducting our research, we had the follcwing ob­
jectives: 
1. To estirrate costs and benefits for grcwers 

who participated in the Wayne County IFM 
program. 

2. To assess the potential for grcwer adoption 
in the Northeast. 

3. To estimate regional savings if prograrrs sim­
ilar to the Wayne County pilot project were 
inplerrented in the Northeast. 

G. B. White is Assistant Professor, Department of 
Agricultural Econanics, Cornell University, Itha­
ca, NY, 14853-3098. Peter Tharpson is Lecturer, 
Merrist \\bod Agricultural College, Worplesdon 
Near Guilford, Surrey County, England. 

This research was supported cy cooperative agree­
rrent 58-319V-02702 between Cornell University and 
the Econanic Research Service, USDA. 
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METHODS 

Fbr the year 1978, a test was set up to dis­
cover whether or not grcwer savings attributable 
to participation in the farm advisor program were 
significant [Tharpson and White]. Data fran 23 
nonparticipants were collected cy a part-tirre 
technician in the 1978 grcwing season on the num­
bers, timing, and dosages of pesticide applica­
tions. All farms were located in Wayne County, 
N6f/ York • Similar data had been collected fran 
the 26 participants of the program cy the farm 
advisors. Blod<s of fruit were defined on the 
farms and records of cultivar mix, proportion of 
fruit intended for the fresh and processing mar­
kets, size and spacing of trees and rootstod<s 
used were noted for each bled< type. With this 
infornation it was possible to natch 33 partici­
pant and nonparticipant bled< s and thus reduce 
the level of variability in pesticide use attrib­
utable to factors other than participation in the 
program. Standard prices for each pesticide cern­
pound fran a survey of local prices were used to 
calculate pesticide costs for the two groups. 

To estirrate the potential grcwer adoption, 
1, 145 questionnaires were nailed to grcwers of 
eigh~ states in the Northeast in January-February 
1980. There were 515 responses returned, of 
which 314 were usable for questions relating to 
potential adoption of an IFM farm advisor deliv­
ery system. 'Ihe concept of private pest nanage­
rrent consultants, along with the prices charged 
for those services in Wayne County, New York, in 
1979 ( $12 and $6 per acre for pare and stone 
fruits, respectively) was presented on the ques­
tionnaire. Grcwers were aeced that if a similar 
program was offered in their vicinity, would they 
be likely to participate. 

It was believed that responses to this ques­
tion would set upper rounds on grcwers 1 l.ikeli­
hood of purchasing consultant-type services. Key 
factors other than grcwer adoption bearing on the 
feasibility of consultant services include over­
all rrobili ty costs of the consultant and number 
of farm visits. These were taken into account cy 
incorporating high density fruit locations (Fig­
ure 1) favorable to farm advisor or pest nanage­
rrent consultant-type delivery and the average 
size of farm into the analysis. This latter 
point is inportant in that each farm represents a 
separate visit; thus the SITI3.ller the farms, the 
greater the number of consultations for a given 
area of tree fruit serviced cy the consultant. By 
canbining infornation fran the survey relating to 
potential grcwer adoption with these factors 
which affect the feasibility of consultant ser­
vices, regional savings were estirrated assuming 

1 
States included in the analysis are Connec­
ticut, Maine, Massachusetts, New Harrpshire, 
N6f/ York, Pennsylvania, Rhode Island and Ver­
rront. 



-FIGURE I . LOCATIONS OF HIGH TREE FRUIT DENSITY IN THE NORTHEASTERN 
UNITED STATES AND THE ASSOCIATED TREE FRUIT ACREAGES. 
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the adoption of deli very services similar to the 
Wayne County pilot project. 

RESULTS 

Savin:;}s to GrCMers 
Results fran the paired bled< cx:xrparisons 

are presented in Table 1. Total spray material 
costs for participants were $67.67 per acre~ 
pared with $93.39 per acre for nonparticipants. 
Total spray material costs for participants 
ranged fran $29 to $96 whereas for nonpartici­
pants costs ranged fran $46 to $248. The average 
costs of nonparticipants exceeded those of parti­
cipants cy $26 per acre. Spray material costs 
were subdivided into insecticide, miticide, and 
fungicide categories. The detailed analysis was 
reported cy Thatpson and White. 

Tests of equal variance and equal means were 
made using an F-test and a separate variance es­
tirrate t-test. In each of the pesticide groups 
and for the aggregated total spray material 
costs, mean spray costs of nonparticipants ex­
ceeded those of participants. The fornel tests 
indicated that in all cases, the hypotheses of 
equal means in the two groups were rejected at 
the five percent level, and the one-sided alter­
natives were accepted. Thus, superior pest man­
agement monitoring and infornetion was substitut­
ing for the use of pesticides in crop protection. 
The estimated variances of spray material costs 
per acre of the nonparticipant exceeded those of 
the participant in all cases. This was not unex­
pected given the diversity of pest management ca­
pabilities and sources of infornetion open to the 
nonparticipants whereas participants relied ~ 
plete]¥ on the services of the farm advisor to 
aid in pest managernent decision rreking. 

Savings were greatest for insecticides where 
participants had a $12 per acre advantage over 
nonparticipants. This was expected because in­
sects are visible to the naked e:~e and can be 
readily inspected and counted before darrage oc­
curs. On the other hand, diseases are not usual­
ly visible until sore time after infestation (and 
darrage). This increases the necessity for pre­
ventive sprays for fungicides: hence a smaller 
savings ($9) in materials was realized for parti­
cipants. 

Total savings attributable to participation 
for the 22 bled< s intended prirrarily for process­
ing were $29 per acre. Savings on the ll blod<s 
intended for fresh fruit were only $19 per acre. 
With higher cosmetic standards for fresh fruit 
production, farm advisors and grewers apparently 
tcke les.s risk than with processing fruit. 

A fruit harvest quality test was conducted 
for 26 participant blod<s and 31 nonparticipant 
blocks. Yield estimates were collected for 16 of 
participating grewers 1 blod<s and for 13 of the 
nonparticipating grewers 1 blod<s. No differences 
were observed either for fruit quality or yield: 
apparently the pilot program was successful in 
its objective to reduce pesticide costs while 
maintaining the quality and quantity of fruit 
produced. Further confidence could be attached 
to these results since similar results had been 
obtained in informal tests in 1976 and 1977 
[Tette et al. ] . 
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Data regarding the total number of spray ap­
plications were also collected. Fungicides and 
insecticides are often mixed together in the 
spray tark. It was found that participants aver­
aged 9.3 applications per acre while nonpartici­
pants averaged 10.4 applications per acre. Thus, 
participants realized a net savings in reduced 
labor and equipnent charges. Using partial bud­
geting, net overall benefit to participants was 
estirrated in Table 2. Participants had a net 
savings of $16 per acre when participation costs 
and reduced pesticide costs were taken into ac­
count with no reduction in yield or fruit quali­
ty. It is believed that this was an understate­
ment of net benefits since there was sane infor­
mation transfer fran IPM grewers to nonpartici­
pating · grewers and chemical fieldrnen who rreke 
recommendations to other grewers. 
Potential Gr011er Adoption 

Of the 314 responses which were useable to 
estimate potential grewer adoption, 94 grewers 
indicated that the:J wished to participate in an 
IPM program. Forty-one grewers indicated that 
thf'!:/ alreac¥ did participate in a consultant type 
program. Thus, 135 grewers, or 43 percent of the 
sarrple, were characterized as likely participants 
if a consultant type program were available. The 
remainder of the grewers were equally divided be­
tween a NO response (28 percent) and IXlN 1T .I<N:M 
(29 percent). Within the various high density 
fruit areas shewn in Figure 1, YES responses 
ranged fran 21 percent in Erie County, Pennsyl­
vania, to 60 percent in Addison County, Vernont. 
The relatively lew interest indicated in Erie, 
Pennsy 1 vania is explicable cy the lad< of irrpor­
tance of tree fruit in that area where the irrpor­
tant crop is grapes. The interest expressed cy 
Vernont grewers was not significant given the 
small sarrple size. 
Potential Regional Savings 

Fran this stuc¥ it has been shewn that farm 
advisors reduce pesticide use cy $25. 72 per acre 
(Table 1) representing a savings of 27.5 percent. 
For the purposes of exploratory calculations on 
pesticide savings in the northeastem U, s. , as­
sunptions are listed as follews: 

a) Pesticide savings on stone fruits are equi­
valent to half the savings of pare fruits. ~1 
calculations are made in pare acre equivalents. 

b) Ful]¥ trained private pest managers either 
as consultants paid cy subscription or enplcyed 
cy grewer ccoperatives can produce similar sav­
ings to those attained cy farm advisors in the 
Wayne County pilot program in 1978. 

c) There is a supply of fully trained pest man­
agers reac¥ and able to provide a service at $12 
per acre for pare fruits and $6 for stone fruits 
(1978 dollars). 

Currently, out of the 140, BOO pare acre 
equivalents in the northeastem U.S. , about 4, 000 
pare acre equivalents fall under tree fruit pest 
management schemes. These include the farm ad­
visor program of Wayne County, Ne.-~ York, and 

2 
In caroputing pare acre equivalents, an acre of 
apples and pears each received a weight of 1. 0 
and an acre of cherries and peaches each re­
ceived a weight of • 5. 



Table 1. Survey Results (1978): Tests of Differences Between Means and Variances of Spray Material Costs - A II Blocks. 

Separate Variance Estimate 

No. of Costs per Acre 2 Tall 1 Tall 
Blocks Mean Variance Range F-Value Probab lllty t-Value d. f. Probab Ill ty 

---------dollars---------

Total Spray Mater! als 

Participants 33 67.67 232.87 29-96 
6.24 o.ooo -3.60 42.00 o.ooo 

Nonparticipants 33 93.39 1452.47 46-248 

Total Spray Material 
and Participation Fee* 

Participants 33 79.67 282.87 42-108 
6.24 o.ooo 

Nonparticipants 33 93.39 1452.47 46-248 
-1.92 42.00 0.031 

Insecticides 

Participants 33 20.45 49.29 9-45 
4.97 o.ooo -4.15 44.38 o.ooo 

Nonparticipants 33 32.84 244.97 12-75 

Mitlcldes 

Participants 33 9.87 36.93 0-23 
2.80 0.003 -1.88 52.28 0.033 

Nonparticipants 33 13.74 103.35 0-54 

Fungicides 

Participants 33 37.36 101.24 18-60 
3.37 0.001 -2.58 49.43 0.006 

Nonparticipants 33 46.18 341.66 17-119 

* Participation fee Is $12 per acre. 
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Table 2. Total Per Acre Pest Managerrent Costs, 33 IFM Participant Blocks 
and 33 Nonparticipant Blocks, Wayne County, New York, 1978. 

Participants Nonparticipants 

Participation fee 

Spray material costs 

Machinery and labor costs for 
pesticide applications* 

Total costs 

$12.00 

67.67 

16.31 

$95.98 

$ 0.00 

93.39 

18.27 

$111.66 

* Based on labor oosts of $4.00 per hour, variable tractor costs of $4.00 
per hour, and variable sprayer costs of $2.50 per hour, for a total 
variable cost of sprayer operation of $10.50 per hour. The application 
rate assumed is six acres per hour; thus a single application costs 
$1. 75 per acre. 

private consultant prograrrs in Pennsylvania. With 
a 27. 5 percent reduction in pesticide use on the 
4, 000 pare acre equivalents, the total regional 
savings would anount to less than one percent. 

Table 3 presents the number of acres under 
pest managerrent scherres outlined under alterna­
tive scenarios. The locations listed in the 
first col\.1!1U1 corresfX>lld to those in Figure 1. 
Acreages are expressed in thousand pare acre 
equivalents. "Other locations" refer to the 
acreages of tree fruit outside Wayne County, New 
York, and other locations of high tree fruit den­
sity. Consequently, 84 percent of the region's 
tree fruit falls into the high tree fruit density 
locations. Total pesticide costs under the var­
ious alternatives were estimated using rrean spray 
costs per pare acre equivalent of $67.67 for pest 
managerrent participants. The costs are in 1978 
dollars and are drawn fran Table 1. 
Scenario A 

It is assumed that tree fruit pest managers 
would not service fruit outside the locations of 
high tree fruit density. '!he survey b{ mail in­
dicated that 43 percent of the gr<J.\'ers would par­
ticipate in a program paid forb{ subscription. 
In the col\.1!1U1 labelled scenario A on Table 3, 43 
percent of the pare acre equivalents for each lo­
cation is presented. A 27. 5 percent reduction in 
pesticide use for the 50.9 pame acre equivalents 
results in regional savings of 9.9 percent. 
Scenario B 

Scenario A does not tci<e into account the 
discrete nature of a pest managerrent unit. A 
pest managerrent consultant oould maintain a rea­
sonable level of service and generate sufficient 
incx::me on between 2,000 and 3,000 acres of tree 
fruit. Consequently, if the locations listed in 
Scenario A with less than 2,000 pame acre equiva­
lents are rejected, the locations with sufficient 
acreage to support a pest manager were as fol-
10\'s: Wayne County, New York; A; C; F; I; and L. 
Assuni.ng a 27.5 percent reduction in pesticide 
use on these acres of tree fruit, regional sav­
ings would be 8.6 percent. 
Scenario c 

Consultation costs per acre increase as 
average fann size decreases. A typical pest man­
ager should be able to handle 20 to 30 accounts; 
consequently fann size would average around 100 
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acres. Distributions of fann size and in many 
cases average fann sizes were not available for 
the various locations. As a proX1{ to fann size, 
the average apple acreage is given for each loca­
tion in Table 3. 

In New York State, apples represent rnore 
than 80 percent of the state's tree fruit; thus 
apples serve as a relatively accurate proX1{ for 
fann size. In Pennsylvania, apples represent 
just under 70 percent of the state's tree fruit 
acreage; therefore, the proX¥ of apple acreage 
tends to underestimate average fann size. Loca­
tion D (Erie County, Pennsylvania) is the state' s 
leading grape producer. The average apple acre­
age is prob:ib~ not a useful indicator of fann 
size given the relative inportance of the grape 
crop. In New England, fann numbers were not 
available b{ county; consequently average fann 
size (acres of apples per fann) has been calcu­
lated b{ state. 

Without information on the size distribution 
it was difficult to assess the number of fanns 
over a given critical size that would constitute 
a pest managerrent program. HG\'ever, it was pos­
sible to introduce the factor of fann size into 
the array of variables affecting pest managerrent 
possibilities on tree fruit in the region. For 
exanple, Location B (Clinton County, New York) 
contains a relatively small number of large 
fanns. If the gr<J.\'er adoption rate were higher 
than indicated in the survey, this location would 
be ideal for the enplcyment of a pest manager. 
Specifically, with the relatively small number of 
gr<J.\'ers concerned, it would appear that sare mea­
sure of gr<J.\'er cooperation would be possible in 
the hiring of a pest manager. Both Locations C 
and F contain relatively large fanns and suffi­
cient tree fruit acreage to support pest mana­
gers. The latter location is alrea~ the hare of 
two consultants. Wayne County, New York, proba­
bly contains the highest density of tree fruit in 
the region; h<J.\'ever, the location rarks fourth in 
terns of fann size. Location A would appear to 
contain sufficient tree fruit acreage but unfa­
vorable fann size; thus it is Likely that only 
one pest manager would find sufficient acreage on 
large enough fanns to operate a program. 

By drawing the three rna jor factors (tree 
fruit density, the discrete nature of a pest man-



Table 3. Pesticide Savings from Pest Management: Alternative Scenarios. 

Locations of High 
Tree Fruit Density 

New York 

Wayne Co. 

A. Niagara, Orlean~, Monroe 

B. Clinton 

Acres of Apples 
Per Farm . 

58 

47 

183 

c. Ulster, Columbia, Orange, Dutchess 76 

Pennsylvania 

D. Er le 

E. Juniata, Snyder 

F. Franklin, Adams, York, Cumberland 

G. Berks, Lehigh, Northampton 

Connecticut & Rhode Island 

H. Hartford, Middlesex, New Haven 

Massachusetts 

1. Frankl In, Hampshire, Hampden, 
Worcester, Middlesex 

Vermont 

J . Addison 

New Hampshire 

K. Merrimack, HII lsborough, Rockingham 

Maine 

L. Oxford, Frankl In, Kennebec, 
Androscoggin, Cumberland, York 

Other Locations 

Total 

Pestlcl~e Use ($) 

Savings <% of Reg.lonal Total) 

12 

44 

76 

53 

21 

30 

53 

48 

38 

Thousand 
Pome Acre 
(equlv.> 

22.7 

19.8 

2.7 

22.4 

1 • 1 

1.3 

25.9 

4.1 

1.9 

5.1 

2.0 

3.4 

6.0 

22.4 

140.8 

13.15M 

0 

Alternative Scenarios 

A B C 
- -th. pome acre equlv.- -

9.76 9.76 2.5 

a. 51 8.51 2.5 

1.16 0 1. 5 

9.63 9.63 5.0 

-.47 0 0.5 

.57 0 

5.0 
11.14 11 .14 

1. 76 0 0 

.82 0 0 

2.19 2.19 0 

.86 0 1. 5 

1.46 0 0 

2.58 2.58 0 

0 0 0 

50.9 43.81 18.5 

11.84M 12.02M 12.67M 

8.6 3.7 
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agem:mt unit and fann size) plus sare factors 
unique to each location it is possible to specu­
late on acreages under pest management as fol-
101/s: 
Wayne County, New York : Continuation of the fann 
advisor program- 2,500 pare acre equivalents. 
Niagara, Orleans, M::>nroe Counties, New York: One 
private consultant or ccx:>perati ve pest manager -
2,500 pare acre equivalents. 
Clinton County, New York: Gr011er ccx:>perati ve em­
plcying a pest rranager - 1, 500 pare acre equiva­
lents. 
Ulster, Orange, Dutchess Counties, New York: Two 
full-tilre pest rranagers - 5,000 pare acre equiva­
lents. 
Erie County, Pennsylvania: Sorre tree fruit acre­
age brought into an existing grape pest rranage­
ment program - 500 pare acre equivalents. 
Juniata, Snyder, Frari<lin, 1\dams, York, and Cum­
berland Counties, Pennsylvania: Two full-tilre 
pest rranagers - 5, 000 pare acre equivalents. 
Addison County, Venront: Gr011er cooperative em­
plcying a pest rranager - 1, 500 pare acre equiva­
lents. 

We feel that these results, or Scenario C, 
are a realistic assessment of the potential for 
!PM prograrrs in the Northeast. 'Ihis analysis was 
based on certain assunptions which were rre.de ex­
plicit. The rate of gr011er acbption will change. 
If acy'thing, the 43 percent gr011er acbption rate 
estinated through the survey cy rre.il probably 
overestinates current interest in pest manage­
ment. H011ever, it is possible that in the future 
ITDre gr011ers will turn to !PM for partial solu­
tions to the problens of pest resistance to pes­
ticides, secondary pest outbreak, target pest re­
surgence, rising cost of chemicals, derre.nds for 
the gr011er to concentrate on other rranagement 
problens, and regulation which rra.y result in a 
reduced supply of chemicals with which to conbat 
pest problens. 

Alrea<¥ these problens have changed farner 
attitooes <Mey fran preprogramred sprey schedules 
and t011ard !TDre careful selection of active in­
gredients, timing, and rate of application of 
pesticides. 'Ihese factors, along with a possible 
inproverrent in the efficiency and effectiveness 
of sare chemicals has resulted in substantial re­
ductiO'lS in pesticide use on tree fruit in recent 
years [von Runk er, et al.]. Cl!ristensen and Pro­
kOI¥ also reported on atechnique (alternate mid­
dle sprey) which greatly reduced pesticide costs 
as well as eneey costs. 

We have denonstrated that savings of al:x:mt 
$26 per acre (27. 5 percent) were realized through 
participation in the fann advisor program in 
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Weyne County, New York . By considering potential 
gr011er adoption, tree density, the discrete na­
ture of a pest management unit, farm size, and 
other qualitative factors, regional savings of 
arout four percent of total pesticide use ( . 5 
million dollars) were estirre.ted to be potentially 
obtainable. 

The assunption was rre.de that a supply of 
fully trained private pest rre.nagement advisors is 
readily available. In reality, the availabilicy 
of trained personnel is a serious inpedilrent to 
expansion of !PM efforts. If !PM is to be rre.de 
readily available to large numbers of gr011ers in 
the Northeast, public policies and funding should 
be directed t011ard organizing and financing re­
gional training efforts. 

REFERENCES 

Apple, J. L., P. s. Benepal, R. Berger, G. w. 
Bird, F. Maxwell, W. G. Rues irk, P. Santelrre.n, 
and G. B. White. Integrated Pest Management: A 
Program of Research for the State Agricultural 
E:xperilrent Stations and the Colleges of 1890. 
Corrrnittee Report, the Intersociety Consortium 
for Plant Protection for the Experilrent Station 
Corrrnittee on Organization and Policy. Raleigh, 
NC, September 1979. 

Christensen, R. L. and R. J. Prck<JB'. "Inpact on 
Costs and ~erg{ Requirerrents of Adopting Al­
ternate Middle Sprey Techniques in Apple Or­
chards." Journal of the Northeastern Agricul­
tural Economics Council 8(1979):243-247. 

Tette, J. P., E. H. Glass, D. Bruno, D. Wey. New 
York Tree Fruit Pest Ma.nagerrent Project, i973 
-1978. New York's Food and Life Sciences Bul­
letin No. 81, September 1979. 

Thcrrpson, P. and G. B. White. An Economic Evalu­
ation of the Potential for Tree Fruit Integrat­
ed Pest Ma.nagerrent in the Northeast. A.E. Res. 
82-14, Department of Agricultural Economics, 
Cornell University, Ithaca, NY, May 1982. 55 
pp. 

von Rt.mker, R., E. w. lawless, and A. F. Meiners. 
Production, Distribution, Use, and Environrren­
tal Impact of Selected Pesticides. Report for 
the Environrrental Protection Agency, Office of 
Pesticide Programs and the Council on Environ­
mental Quality. Washington, D.C., 1974. 

Webb, s. H. "Preliminal::y Pesticide Use of Selec­
ted Deciduous Fruits in the United States, 
1978." Preliminary ESS Staff Report, Washing­
ton, DC, June 1981. 


