
All trees were on ‘Troyer’ rootstocks. The 
trees were field-grown in soil infested 
with Phytophthora parasitica and P. ci- 
trophthora, then budded to the selected 
cultivar, and, when large enough, trans- 
ferred to 51-cm (20-inch) boxes containing 
infested soil from the same site. 

The trees were watered by drip irriga- 
tion with two emitters per box. Each tree 
received 10 minutes of irrigation every 
three days and was fertilized with a com- 
plete fertilizer plus trace elements ad- 
ministered through the drip system. All 
trees used in the trial were selected for 
the presence of Phytophthora root rot 
symptoms, including small or chlorotic 
leaves, poor general growth, some defo- 
liation, and sparse, rotting roots. 

The study included a total of six treat- 
ments: four fungicide treatments applied 
every other month, a monthly water 
drench, and a nontreated control. All or- 
ange treatments were replicated eight 
times except for the water control, which 
had seven replicates. All grapefruit treat- 
ments were replicated three times except 
for the water control, which was replicat- 
ed four times. 

Metalaxyl was applied at a rate of 5.3 
ml (0.18 fluid ounces) per container and 
fosetyl-A1 at  12.6 grams (0.44 ounce per 
container. Treatments were either spread 
evenly over the container and watered in 
with enough water to reach the bottom of 
the container (broadcast), or divided into 
two equal portions and placed under the 
two emitters in each box (emitters). The 
monthly water drench consisted of adding 
water to the top of each box until it flowed 
freely from the bottom. The nontreated 
control received water according to the 
nursery’s irrigation practices. 

We collected data on rootstock and sci- 
on diameters, rated the dead branches 
present, made an overall visual rating, 
and counted Phytophthora propagules. At 
the time of the final evaluation, there 
were no significant differences in root- 
stock diameters. We observed differences 
in scion diameters, dead twigs, visual rat- 
ings, and Phytophthora populations (table 

The results indicate that both fosetyl- 
A1 and metalaxyl fungicides were similar 
in performance with only minor differ- 
ences. These differences were due to the 
mode of application, tree cultivar, and 
statistical significance level used. Both 
fungicides were consistently superior to 
the nontreated and water controls. Fose- 
tyl-A1 is not presently registered for this 
use in California, but metalaxyl does have 
registration. 
Howard D. Ohr is Extension Plant Pathologist, and 
Margaret K. Murphy is Staff  Research Associate, 
Department of Plant Pathology, University of Cali- 
fornia, Riverside. Gary Bender is Farm Advisor, San 
Diego County. 
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Attitudes about 

Glenn R. Hawkes 0 Martha C. Stiles 

Citizens and specialists differ in their views of risks 
and benefits 

S i n c e  1980, infestations of the Mediter- 
ranean, Mexican, Caribbean, and Oriental 
fruit flies, the gypsy moth, and the Japa- 
nese beetle have represented potential 
economic losses to California’s agricul- 
tural, floral, and forest industries. These 
infestations have occurred in densely pop- 
ulated areas (Los Angeles and the Santa 
Clara Valley), exacerbating problems in 
developing eradication strategies. 

After considerable debate about the 
political, environmental, health, and eco- 
nomic implications of urban pest eradica- 
tion, the California Department of Food 
and Agriculture (CDFA) began aerial and 
ground application of pesticides for some 
insects, such as the medfly and Mexican 
fruit fly. These eradication measures led 
to public discussion, scientific dispute, 
and, in most instances, community dis- 
sent. Past research indicates that, as un- 
certainty about the consequences of an 
action increases, so does anxiety, and so 
this conflict was predictable. The use of 
pesticides alone is often enough to stimu- 
late community concern, and the use of 
aircraft  in densely populated areas  
caused enough uncertainty to generate 
alarm. 

Debate among scientists and govern- 
ment entities about risks associated with 
pesticide use in these situations height- 
ened community apprehension. Such dis- 
agreements among specialists, as well as 
differences between the public and the ex- 
perts, have been viewed as misinforma- 
tion or miscommunication, rather than as 
the cause of community apprehension. 

We compared risk perceptions of five 
groups of specialists with those of citizens 

involved in the California pest eradica- 
tions. This study identified beliefs about 
pesticide safety, fundamental agreements 
and disagreements on risk and safety. 

Behavioral science research on risk 
has explored social, demographic, and 
situational factors of individual events 
that influence how the public responds to 
risk. Studies have shown that sex and age 
differences affect risk perception. Educa- 
tion, proximity to the threat, whether or 
not exposure is voluntary, and perceived 
benefits are also influences. The amount 
of media coverage and its ideological em- 
phasis contribute to changes in the per- 
ception of a threat. Others have discov- 
ered that differences in attitude are  
primarily due to the previously formed 
beliefs of various subgroups in the popula- 
tion about the risks and benefits of specif- 
ic technologies. 

One limitation of the research to date 
is the scarcity of information on percep- 
tions, beliefs, and attitudes of the deci- 
sion-makers involved in hazard manage- 
ment and risk analysis. Some such studies 
suggest, however, that scientists, govern- 
ment regulators, and other experts who 
implement technologies like pesticide use 
are subject to the same biases as citizens. 
Well-versed experts use the same mecha- 
nisms as the less knowledgeable public in 
responding to risky events. Past research 
suggests that specialists in, for instance, 
pesticides have a significant bias in favor 
of chemical use. This positive predisposi- 
tion has been used to explain specialists’ 
aversion to opposition and special-inter- 
est groups. We attempted to identify addi- 
tional factors influencing polarization of 
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experts, citizens, and special-interest or- 
ganizations embroiled in controversy. 

The study 

Two independent samples were drawn 
to represent the general public and pesti- 
cide specialists. The public sample was 
systematically drawn from four Califor- 
nia city telephone directories: Stockton, 
Milpitas, Orangevale, and the Concord/ 
Clayton area. Each community had been 
involved in a state pest eradication pro- 
gram: Stockton and Milpitas received ae- 
rial and/or ground sprays for medfly; 
Orangevale was treated by ground crews 
for Japanese beetle; and the Concord/ 
Clayton area was sprayed by ground rigs 
for gypsy moth. 

Eligible participants in the study were 
identified by trained interviewers, con- 
tacted by telephone, and asked if they 
would receive, complete, and return a 
mail questionnaire. Those in Orangevale 
received the questionnaire by mail with- 
out initial telephone solicitation. A com- 
bined total of 506 Californians responded. 

To obtain the stratified specialist sam- 
ple, we specified three characteristics, 
one or more of which were required for 
becoming a participant: (1) policy making 
or implementation of eradication projects 
and pesticide regulations; (2) research or 
scientific advisement on agricultural is- 
sues related to pesticides; (3) technical as- 
pects of chemicals, such as spraying or 
other modes of application. Most of the 
specialists were in the 20 California coun- 
ties identified by the CDFA for this pro- 
ject as having experienced infestations or 
special insect problems. 

Specialists were subdivided into five 
groups for analysis: (1) elected leaders 
(city, county, state); (2) government agen- 
cy administrators (county, state, and fed- 
eral); (3) users and applicators (growers, 
production consultants, chemical repre- 
sentatives); (4) selected university scien- 
tists (entomologists, toxicologists, county 
extension advisors, and the like); and (5) 
public interest groups. This sample was 
systematically drawn from directories 
and other available listings. 

Elected leaders included city council 
members, county supervisors and state 
legislators. Government administrators 
responded from CDFA, County Agricul- 
tural Commissioners, California Depart- 
ment of Health Services, and the U.S. De- 
partment of Agriculture. University 
scientific experts for the most part came 
from the University of California, includ- 
ing Cooperative Extension. Applicators 
were selected from membership rosters 
from the Council of California Growers, 
Western Agricultural Chemical Associ- 
ation, and California Agricultural Pro- 
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Fig. 1. Scientists and others dealing with pesticides and eradication programs were usually 
on opposite sides from public groups in risk perception but differed among themselves as 
frequently as they did with the public about pesticide safety, risks, and benefits. 

duction Consultants Association. Among 
public interest groups receiving the ques- 
tionnaire were the Sierra Club, California 
Agrarian Action Project, and Or- 
angevale Action Group. 

In addition to demographics, the ques- 
tionnaires addressed risk, acceptability, 
benefits, costs, and level of trust in hazard 
management agents. Scales were con- 
structed by adding scores across each in- 
dividual variable for both samples. 

The public sample was 54 percent 
male, average median age was 46 years, 
and average education was 14 years. Po- 
litically, 18 percent described themselves 
as liberal, 56 percent moderate, and 26 
percent conservative. 

Eighty-three percent of the specialists 
were male, with an average age of 46 
years, and an average education of 17 
years. Political moderates also dominat- 
ed this sample (55 percent); 3 1  percent de- 
scribed themselves as conservatives; li- 
berals, again, were in the minority (14 
percent). 

To examine beliefs about pesticides, 
we used a statistical method (one-way 
analysis of variance, ANOVA), which 
identified differences and similarities be- 
tween the public and specialists. Differ- 
ences were significant on all five mea- 
sures - risk, acceptance, benefits, costs, 
and trust. Excluding the public, differ- 
ences among the five specialist subgroups 
were also significant. Those involved in 
agricultural issues through government, 
industry, or university had little in com- 
mon with those not having close ties with 
agriculture (public interest groups, politi- 
cians, citizens). Results describe differ- 
ences between the general public and 
each of the five subgroups. We compared 
all six groups (including the public) to 
show direction and degree of response to 
individual items. 

Risk and acceptability 
Respondents described levels of agree- 

ment or disagreement with five risk and 
five acceptance questions. To arrive at a 
risk scale, we asked participants to evalu- 
ate the level of perceived harm or safety: 
in ground and aerial spraying; in home 
use; to agricultural field workers; to city 
and farm dwellers; and in agricultural use 
and use against neighborhood pest infes- 
tations. 

Risk acceptability was defined as the 
public’s willingness to endure or accept 
the risk of the chemicals. The question- 
naire for the specialist groups was 
reworded to ask the degree of risk spe- 
cialists expected citizens to accept. This 
was measured by responses on desirabil- 
ity of continuing extensive use of the 
chemicals and preference for more be- 
nign pest control methods, as well as a 
direct report of risk level the public 
should tolerate. All but elected leaders 
differed significantly from the public in 
perception of pesticide risk (p<.Ol). To 
determine the direction of response of all 
groups we obtained a ranking of risk lev- 
els from the most to least risk averse. 
Since the public and elected leaders es- 
sentially agreed, as did government and 
university specialists, four levels of risk 
perception emerged. From (1) greatest to 
(4) least risk averse, the ranking is as fol- 
lows: (1) public interest groups, (2) elected 
leaders and the public, (3) university sci- 
entists and government administrators, 
and (4) applicators. 

Applicators and public interest groups 
represented the two extreme views, the 
former perceiving minimal risk. Govern- 
ment and university respondents fell on 
the low to moderately low end, but were 
significantly more risk averse than appli- 
cators (p<.05). Public interest groups 
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were polarized to the far side of perceived 
maximum risk. Elected leaders and the 
general public were on the high to moder- 
ately high risk end, but were significantly 
less risk sensitive than public interest 
groups (p<.05). 

Significant (ANOVA p<.Ol) variations 
between all specialists and the public 
were found on levels of acceptance. Rank- 
ings of acceptance were the direct oppo- 
site of the risk scale, with applicators ex- 
pressing highest acceptance and public 
interest groups the least. Those displaying 
high risk levels had little risk tolerance. 
This means that applicators, scientists, 
and government agencies expected the 
public to be more accepting of pesticide 
risk than the public actually was. Con- 
versely, public-interest and elected lead- 
ers said citizens should tolerate substan- 
tially less risk than the public said was 
acceptable. 

Individual items reveal where major 
variations occurred. For example, with 
regard to perceived pesticide safety in 
homes as opposed to agricultural use, a 
majority of citizens (59 percent) believed 
they, as home users, were very safe in 
applying pesticides, yet 61 percent feared 
that agricultural field workers were at  
risk in using the chemicals. Of the appli- 
cators, however, 97 percent were certain 
that neither home users nor agricultural 
field workers were at risk. More than 80 
percent of the scientists and government 
administrators were also confident about 
the safety of pesticide use. Elected lead- 
ers’ responses on safety of home users (60 
percent) as opposed to agricultural field 
workers (54 percent) were similar to those 
of citizens. Less than half of the public 
interest respresentatives felt that either 
user group (home or agricultural) was 
safe. 

All groups felt that ground application 
of pesticides was safer than aerial spray- 
ing on farms, except applicators, who 
considered both methods 100 percent risk- 
free. Similarly, a sizable majority (82 per- 
cent) of government administrators and 
university specialists rated the two appli- 
cation methods as essentially nonhazar- 
dous. Conversely, barely half of the gener- 
al public and elected leaders, and fewer of 
the public interest groups (33 percent), 
viewed air or ground spraying on farms 
as safe. Asked about aerial application in 
cities, the public and elected leaders re- 
ported the potential for harm as three to 
four times greater than did applicators, 
government officials, or university scien- 
tists. Public interest respondents (92 per- 
cent) were extremely wary of using air- 
craft in urban areas. 

Acceptability responses varied just as 
much. When asked directly if the public 
should be willing to accept the dangers of 

pesticide use, 80 percent of the public in- 
terest groups, 61 percent of the public, 
and 58 percent of elected leaders said no. 
On the other hand, applicators (90 per- 
cent), university specialists (70 percent), 
and government administrators (66 per- 
cent) said yes, citizens should be willing to 
accept the pesticide hazards. 

Acceptance tends to increase when an 
apparent benefit accompanies pesticide 
use, such as eliminating insects in food. 
When asked if the public should be willing 
to eat insect-free food sprayed with the 
pesticides, most citizens (77 percent) and 
university scientists (79 percent) said yes. 
Government (93 percent) and applicator 
groups (98 percent) expected even greater 
citizen willingness to consume sprayed 
food. On the other hand, few of the elected 
leaders (49 percent) and public interest 
groups (27 percent) felt citizens should be 
willing to eat the food, insect-free or not. 

Remove the easily perceivable benefit 
of fewer insects, yet maintain the activity 
of treating cropland, and acceptance 
drops dramatically. Respondents were 
asked if citizens should feel safe living 
next to crops sprayed with pesticides. A 
majority of the public (68 percent) and 
elected leaders (58 percent) found this risk 
of exposure unacceptable, as did public 
interest groups (91 percent). Applicators 
(94 percent), administrators (91 percent), 
and university specialists (69 percent) ex- 
pected high public acceptance, greatly ex- 
ceeding the citizens’ expressed level of 
tolerance. 

The proposition of extensive and con- 
tinued agricultural pesticide use yielded 
similar reactions. Most applicator (99 
percent), government (95 percent), and 
university (93 percent) respondents be- 
lieved that continuing extensive use of the 
chemicals in California agriculture is nec- 
essary. A lesser majority of citizens (57 
percent) and elected leaders (67 percent) 
acknowledged the necessity of continuing 
chemical use. Less than 40 percent of the 
public interest groups agreed. Even 
though agricultural chemicals were seen 
as necessary, a majority of respondents 
(except applicators and government ad- 
ministrators) considered biological meth- 
ods as preferred alternatives. Less than 
50 percent of applicators and government 
respondents agreed to the biological alter- 
native. 

Costs and benefits 
Perceived qualitative gains or losses 

of an activity such as pesticide use are 
known to influence attitudes toward risk 
and acceptability of that risk. Specialists 
and citizens were presented costs and 
benefits and asked to assess the likelihood 
that each would result from using the 
chemicals. Responses closely patterned 

rankings on the risk-acceptability scales. 
Those perceiving low cost and high bene- 
fit were applicators, government admin- 
istrators, and scientists. Public interest 
representatives, citizens, and elected 
leaders saw high cost and low benefit, at- 
tributing more losses than gains and a 
greater magnitude of loss, and tending to 
be more concerned about damage to the 
environment and threat to humans than 
did the other three groups. Applicator, 
university, and government respondents 
expected fewer costs overall from using 
pesticides and saw regulatory and bu- 
reaucratic costs as most severe. 

Citizens, public interest groups, and 
elected officials considered air and water 
pollution the greatest cost, and unani- 
mously ranked endangerment or loss of 
human life the second greatest cost. Low- 
risk, low-cost groups (applicators, govern- 
ment, and university) rated “increasing 
dependency on special groups” as the 
number one penalty of agricultural 
chemical use. High cost of government 
bureaucracies and pollution come in sec- 
ond and third, respectively, according to 
applicators and government officials. 
University scientists chose pollution and 
harm to humans as the most likely second 
and third costs. 

On the benefit scale, elected leaders 
this time aligned themselves with appli- 
cators, government officials, and univer- 
sity specialists. They were notably 
(p<.Ol) more optimistic about the posi- 
tive consequences of pesticides than were 
the public and the public interest groups. 
These last two agreed on overall level of 
benefit, as they did on overall cost. Gov- 
ernment and university specialists were 
in agreement on the number and type of 
benefits. 

Groups seeing little risk and few quali- 
tative costs to pesticide use also expected 
greater benefits. An anomaly is that citi- 
zens agreed with applicator, government, 
and university subjects that high-quality 
food was the foremost benefit. Even 
though the ranking was the same, the 
magnitude was very different. For exam- 
ple, over 95 percent of those three special- 
ist groups agreed on better food, but only 
63 percent of the public agreed. Better 
food was ranked second by public interest 
groups and elected leaders. 

Public interest groups, elected offi- 
cials, and university scientists believed 
the increase in the economic well-being of 
all (consumers, chemical companies, and 
agribusiness), was the number one bene- 
fit. Economic well-being ranked second 
among government administrators and 
applicators, while university scientists 
saw economic well-being and better food 
as equal benefits. Public interest respon- 
dents and elected officials felt chemical 
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Fig. 2. University scientists ranked highest in a measure of the public’s level of trust in 
various agents (levels based on percent in agreement). 

companies were the primary beneficia- 
ries. Government administrators viewed 
chemical companies and the public as 
equally benefiting. Increased employ- 
ment was ranked high by 92 percent of the 
applicators, 81 percent of both the gov- 
ernment administrators and scientists. 
Fewer members of the general public (58 
percent), elected officials (57 percent), 
and public interest groups (33 percent) 
felt that use of chemicals reduced unem- 
ployment. 

Who trusts whom 
Perceptions of risks, benefits, and 

costs can influence public confidence in 
organizations and industries involved 
with hazard management. Trustworthi- 
ness reflected reliability and accuracy of 
information available to assist in protec- 
tion or to communicate the level of haz- 
ard. Citizens and specialists assessed how 
trustworthy or reliable certain groups 
would be during an event in which public 
protection was a major issue. 

University scientists were trusted 
most completely by the general public 
(fig. 2). Citizens trusted state agencies, 
like CDFA, as much as they did public 
interest groups, second only to university 
experts. 

Most specialist groups rated them- 
selves as the agent they would trust most 
in hazard management situations. Like 
the public, elected officials said universi- 
ty scientists should be trusted most, and 
placed themselves as one of the last they 
would trust as an information source. 
Even though public interest groups trust- 
ed their own people more than others, 
only 23 percent of this group trusted 
themselves completely. The only other 
specialists they had total trust in were 
university scientists (15 percent showing 
complete faith). State organizations 
(CDFA) listed themselves as equally reli- 

able as university scientists; applicators 
trusted state more than university people. 

None of the low risk, high-acceptance 
(applicator, government, and university) 
groups considered public interest repre- 
sentatives as completely trustworthy. 
State institutions reported the highest 
overall confidence in public interest 
groups. This is ironic in light of the 
historically adversarial relationship be- 
tween public interest groups and govern- 
ment officials. 

Media (TV, newspapers, radio) re- 
ceived the lowest score. No one in the spe- 
cialist samples indicated “complete faith” 
in this group. The general public trusted 
only about 3 percent of media messages. 

Conclusions 
Variations in public and expert risk 

perceptions have been attributed in the 
past to influence of (1) previously existing 
belief systems of each group; (2) orienta- 
tion of training and education of respon- 
dents; and (3) miscommunication or mis- 
perception of data by the public. The 
present study in part supports these no- 
tions. First, the groups studied here did 
maintain diverse beliefs about pesticides. 
Second, groups with similar orientation of 
training and education tended to cluster 
along the same side of risk-acceptance, 
cost-benefit scales. Third, even though 
(mis)perception or (mis)communication of 
information was not directly measured, 
responses indicated decision-makers and 
citizens had different expectations of the 
outcomes of events. This difference may 
be due to the belief differences or to some 
parties not having accurate information. 
Variations in performance of specialist 
groups and the public were also clearly 
manifested. 

Scientists and other specialists dealing, 
with pesticides and eradication programs 
differed among themselves as frequently 

as they differed with the public about sub- 
stance and application safety, who should 
incur risks, and what the benefits are. The 
public, elected leaders, and public interest 
groups tended to cluster together and 
view pesticides as a high-risk technology, 
at the same time recognizing the benefit 
and the need to continue use. Clustering to 
the opposite side were those intimately in- 
volved in agricultural issues and eradica- 
tion programs. Government administra- 
tors, university scientists, and applicators 
considered agricultural chemical use as 
low risk. 

Those perceiving high risk were less 
willing to accept the attendant hazards of 
pesticides than the low-risk perceivers, 
who scored high on acceptance. Those be- 
lieving there were greater costs to pesti- 
cide use also believed there were fewer 
benefits. High-cost groups also had high- 
risk, low-acceptance levels. 

Applicators and public interest groups 
were always at  the extreme opposite ends 
of all scales, and their response levels 
were consistently dissimilar to those of all 
other respondent groups. Government ad- 
ministrators and university scientists 
were similar in their views of risk and 
acceptance, as were elected leaders and 
the public. Even though the general public 
was willing to accept more risks than 
public interest groups and elected leaders 
wanted them to, agriculturally oriented 
groups (applicators, government and uni- 
versity) expected even greater risk toler- 
ance from citizens. 

Trust in hazard management entities 
reflects public expectations of the perfor- 
mance of those decision-makers and spe- 
cialists. Citizens expected the highest lev- 
el of participation and quality of 
information from university scientists 
and the lowest from the media. This is an 
important finding since citizens receive 
most of their information from television, 
newspapers, and radio. Citizens expected 
the same performance or quality of infor- 
mation from public interest groups and 
state agencies. Most specialists (except 
elected leaders) viewed their own agency 
as most reliable in protecting the public. 

Citizens and others in opposition to 
spraying pesticides have been described 
by some specialists as misperceiving the 
situation, which is then offered as the ex- 
planation of ensuing conflict. In this 
study, decision-makers and citizens have 
expressed basic, firm, and diverse beliefs 
about pesticides, which may create or en- 
hance misperception or miscommunica- 
tion between groups. 
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