
Questionnaire use for vegetable demonstrations
in agricultural extension by Carl Richard Wilson.

Item Type text; Thesis-Reproduction (electronic)

Authors Wilson, Carl Richard

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:26:53

Link to Item http://hdl.handle.net/10150/566434

http://hdl.handle.net/10150/566434


QUESTIONNAIRE USE FOR VEGETABLE DEMONSTRATIONS 
IN AGRICULTURAL EXTENSION

By
Carl Richard Wilson

A Thesis Submitted to the Faculty of the
DEPARTMENT OF PLANT SCIENCES

In Partial Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE 
WITH A MAJOR IN HORTICULTURE

In the Graduate College -
THE UNIVERSITY OF ARIZONA

19 8 1



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

APPROVAL BY THESIS DIRECTOR 
This thesis has been approved on the date shown below:

P. M. BESSEY /T IS Date -
Associate Professor of Plant Sciences



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

SIGNED:

APPROVAL BY THESIS DIRECTOR
This thesis has been approved on the date shown below:

yn £3 . 1981
P. M. BESSEY /n 

Associate Professor of Plant Sciences
Date



DEDICATION

This study is dedicated to my parents, Richard and Jean, who 
financed and encouraged me to pursue my education for sixteen years.



ACKNOWLEDGMENTS

The author wishes to express his deepest appreciation to his 
friend? Dr. Paul M. Bessey, for his advice and guidance during the 
course of this study.

Thanks are also due to Dr. N. F. Oebker, Dr. Charles M. Sacamano, 
and Dr. Lee S. Stith of the Plant Sciences Department, for their support 
and assistance in conducting this study. Further appreciation is exten
ded to those personnel of the Arizona Cooperative Extension Service, and 
those home gardeners who participated in the study’s questionnaire- 
demonstration work*



TABLE OF CONTENTS

Page
LIST OF TABLES e     . . . . vii

LIST OF ILLUSTRATIONS . . . .  ..........   viii
ABSTRACT . . . . . . . . . . . . .  ....................  ix

CHAPTER
1. INTRODUCTION . .  ..........   1

Statement of the Problem . . . . . . .  ............  2
Specific Objectives . . . . . . .    . . .  2
Basic Assumptions .  ............  . . . . . . . . .  3
Limitations of the Study . . . . . . . . . . . . . .  4
Need for this Study . . . . .  ..............  5
Definition of Terms   . . . . . . . . . . . .  7

2. REVIEW OF LITERATURE . . . . . . . . . . . . . . . . . .  9
Demonstrations  ..........  . . . . .    9
Questionnaires . . . . . . . . . .  . . . . . . . . . 11
Curly Top Disease  ..........  15
Study Tomato Cultivars .  ............   18

3. PROCEDURE FOR THE STUDY . . . . . . . . . . . . . . . . .  20

Job Roles . . . . . . . . . . . . . . . . . . . . . .  20
State-Level Work . . . . . . . . .  ..........  21
Questionnaire Return and Data Analysis . . . . . . .  26

4. PRESENTATION AND INTERPRETATION OF DATA . . .  ........  29
5. SUMMARY? CONCLUSIONS, AND RECOMMENDATIONS . . . . .  . . . 50

Summary . . . . . . . . . . . . . . .    . 50
Conclusions . . . . . . . . . .  .........   53
Recommendations  ........  . . . . .  56

v



vi
TABLE OF CONTENTS —  Continued

Page
APPENDIX A: LETTERS OF INTRODUCTION AND EXPLANATION . . .  58
APPENDIX B: PLANTING AND CULTURE GUIDE .............. 63
APPENDIX C: HARVEST RECORD SHEETS   . 66
APPENDIX D: QUESTIONNAIRE . . .  ...................... 70
APPENDIX E: STAMPED RETURN ENVELOPE.................   85

APPENDIX F: RETURN REMINDER LETTERS TO COUNTY AGENTS . . 87

REFERENCES  ..........................................  91



LIST OF TABLES

Table Page
1. Elevation zones and location of cooperator trials , . „ 0 30
2 e Analysis of variance summary for tomato fruit

counts from cooperator trials ........................  „ 32
3o Means of fruit yield counts as affected by

cooperators7 elevation zones „ « » „ , 0 . 33
4, Weighted means of yield counts as affected by

cultivars for Tucson and cooperator trials . . . . . . .  34
5. Yield variance significance summary for factors

in cooperative trials....................   37
6o Weighted means of yield counts as affected by

fertilizer rate, fertilization frequency, and 
plant shading in cooperative trials  ................  . 38

, 7. Weighted means of yield counts as affected by
irrigation type, plant support, and within-
and between-row spacing in cooperative trials . . . . . .  40

8. Differences between observed and expected numbers
of individuals as characterized by factors and 
ratings; and computed Chi-square probabilities 
for tests of association..............................  42

vii



LIST OF ILLUSTRATIONS

Figure

1. Overall plant appearance rating as affected by 
fertilization frequency and within-row spacing

Page

45



ABSTRACT

This study developed and tested a demonstration-questionnaire 
program for use in agricultural extension work. The goal was to mini
mize the time extension workers spend in conducting demonstrations by 
maximizing cooperator effectiveness.

Home garden cooperators selected by county agents in eight 
Arizona counties participated. Gardeners tested six curly top disease- 
resistant and non-resistant tomato cultivars. A separate secondary 
trial of the same cultivars conducted in Tucson provided data for 
comparison.

Twenty-four cooperators? trial data returns were computer- 
analyzed using both analyses of variance and Chi-square methods. The 
results showed gardener's yields were higher at elevations over 3000 
feet. Yields were also higher for the following situations: plant 
supports, wide within-row spacings, and gardens that were fertilized 
and unshaded.

Cultivar yield responses were similar in both trials except for 
a cultivar thought to be intolerant to heat stress at low elevations. 
Drip- or sprinkler-irrigated gardens yielded more than those using 

furrow irrigation.
The program was judged to be a success based on cooperator and 

agent satisfaction, as well as the quality of results obtained. The use



of self-instructive explanation/questionnaire methods in demonstration 
programs can cut costs by acheiving a 50-percent reduction in the most 
expensive input: agent time.



CHAPTER 1

INTRODUCTION

Agricultural extension work in the United States has been an 
established part of the land grant college system for many years and as 
such9 needs no introduction.

The use of demonstrations in agricultural extension work began 
as the idea of agricultural educator Seaman Knapp (Vines and Anderson, 
1976, pp. 5-6). He believed plots planted on a grower's own farm would 
hasten adoption of improved cotton-growing practices in the weevil- 
infested areas of 1903 Texas. The concept received federal support and 
proved overwhelmingly successful. In fact, Congress included demonstra
tions in its definition of Cooperative Extension Service work. The 1914 
Smith-Lever Act establishing legislation states in part (Williams, 1968, 

p. 24) :
Cooperative agricultural extension work shall consist of 

giving instruction and practical demonstrations in agriculture 
and home economics to persons not attending or resident in 
said colleges in several communities and imparting to such 
persons information on said subject through field demonstra
tions, publications, and otherwise; and this work shall be 
carried on in such a manner as may be mutually agreed upon 
by the Secretary of Agriculture and the State College or 
Colleges receiving the benefits of the Act.

The Smith-Lever Act has since been supplemented, but all the 
original provisions including clauses pertaining to demonstration work 
remain unchanged and are still in effect today (Oliver, 1981).

1



2
In traditional crop-demonstration work, an extension agent 

selects a community member willing to grow plants on his own land.
Often the agent provides both the seed or plants as well as the labor 
needed to establish the cooperator1s planting. Involvement continues 
on a regular basis through the growing season with the period of crop 
harvest being particularly time-consuming. Studies show that a large re

quirement for agent time makes the result demonstration one of the most 
expensive methods of extension teaching (Wilson and Gallup, 1955, p. 41).

Statement of the Problem 
To minimize the time extension workers spend in conducting demon

strations, this work developed and tested a demonstration-questionnaire 

program for maximizing cooperator efficiency and effectiveness. To 

test the idea, a series of home garden trials comparing curly top 
disease-resistant and non-resistant tomato cultivars was selected.

A trial conducted simultaneously on the University of Arizona 
Campbell Avenue Farm in Tucson gave the author first-hand experience, 
with the same cultivars. This replicated test was planned strictly to 
provide a controlled source of yield data for comparison with coopera
tors trials; but its use to support extension demonstrations is in no 

way implied.

Specific Objectives 
In formulating this study the following objectives were desig

nated as those most important to be addressed:



1. to design and test a demonstration-questionnaire program for
its feasibility and usefulness in agricultural extension work;

2. to judge receptivity of extension agents and home garden
cooperators to such a program;

3. to test pre-program estimates of the time investment required 
by the various extension professionals and the cooperators 
involved in such a program;

4. to examine cooperator willingness to gather data and answer 
questions requiring a large time investment; and

5» to examine cooperator willingness to complete and submit a
questionnaire after several months elapsed time.

Basic Assumptions 

It was anticipated that many uncontrolled factors would have an 
effect on this trial program. The author exercised care to consider 
the following factors in conducting and drawing conclusions about this 
study:

1. that adoption of many of the principles of questionnaire design 
reported in sociological/marketing research literature would 
have provided for more accurate responses and provide a good 
percentage of return;

2. that home gardeners chosen by county extension agents would 
be highly motivated people with a high interest in gardening 
and as such could be counted on to diligently conduct an ambi
tious program and then return complete responses;



3. that county agents would choose gardeners with the required
reading ability and new^concept-adoption skills to conduct the 
demonstration;

4« that these same garden cooperators may not represent a typical 
cross-section of home gardeners;

5. that county agents would impart a degree of enthusiasm for the 
demonstrations to gardeners, albeit agent personality is a 
variable expected to influence the percentage of return;

6. that the demonstrations would not enjoy the controlled conditions 
of research trials and that the conclusions would most likely 

need to be made with a concurrent acceptance of the resulting 
higher degree of doubt;

7 e that plants growing in like elevations are under more similar
growing conditions regardless of geographical location, and will 
be analyzed on that basis;

8, that the effect of having many cooperators conducting demonstra
tions will serve as replication and contribute to a more precise 
statistical estimate of actual population means.

Limitations of the Study 
Certain limitations are inherent in the study of any new method . 

of conducting a program. The following were considered to be the limi

tations of this study.
1. The study did not include every county in the state, nor did it 

include every elevation zone. It was primarily a study of mid- 
to high-elevation garden growing.



2. The author had no control over the cooperators chosen by county 
agents, the advice or help offered by agents, nor agent atti
tudes expressed to cooperators that may have influenced results.

3, The planting dates and final harvest dates varied from coopera
tor to cooperator*

4o The method of plant distribution from the central source proved
poor in some cases, resulting in poor-quality transplants reach
ing some cooperators.

5. The 1980 growing season had a low incidence of curly top disease, 
the main concern in the selection of the tomato cultivars for 
the demonstrations.

6. This study provides no basis for comparing alternate ways of 
conducting any part of the demonstration-questionnaire program, 
as only one program was instituted for trial.

Need for this Study
%

Several forces have come together to make this a desirable time 
to conduct this study. These forces can be characterized as economic, 
sociological, and technological in nature.

The Cooperative Extension Service must face the economic reality 
of inflation cutting the real spending power of its tax-based government 

funding. That some funding has come under increasing scrutiny for the 
results itfs buying. To meet these economic pressures, extension must 

commit manpower resources in the most efficient way possible. Finding 
new means to multiply workers’ efforts is a necessity.
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Questionnaires and peoplesT attitudes towards them have under

gone vast changes in recent years. Sociological research has favorably 
addressed the motivational questions of who answers questionnaires, why 
they do, and how good response rates can be obtained from human subjects. 
The validity of questionnaire results is now more certain. Reliability 
has increased to where many political, governmental, and business deci
sions are made on the basis of questionnaire research findings. The 
questionnaire is now both a common and accepted part of our experience. 
That extension has and should adopt questionnaire techniques into its 
people-oriented programs is not a question.

Fast-changing computer technology is the other force mandating 
changes in extension methods. Minimally trained people can now perform 
complicated statistical analyses through use of readily available pro
gram packages. In studies involving questionnaires, easy computer 
generation of two-way tables and especially log-linearly modeled multi
way frequency tables is of particular value. Researchers have most 
often used unwieldy hand-calculated Chi-square methods to analyze 
questionnaire count data. Now interpretation of such discontinuous- 
type data is similar to undertaking an analysis of variance. Variable 

interactions are easily compared and have led to broadened statistical 

interpretations never before possible.
These changes in the climate in which extension must function 

have prompted this study of a new way to conduct extension demonstra

tions .



Definition of Terms 
The following terms are defined as they are used in this study: 
Demonstration: a comparison of two or more materials (living or 
non-living) or methods placed in the control of a person of the 
community for the purpose of encouraging that person to gain 
experience with the materials or methods under his own home or 
farm conditions.

Result demonstration: a comparison designed to show the outcome 
of using a practice.
Method demonstration: a. comparison showing how to do it rather 
than the results of a practice.
Trial or Test(ing): the act of trying by actual use and experi
ence. (Note that these terms are not used to designate a research 
as opposed to an extension function of land-grant agricultural 
work.)
Cooperator: a person who has or has agreed to undertake a demon
stration.
Extension: the Cooperative Extension Service of the USDA, as 

officially legislated by the Congressional Smith-Lever Act of 
1914 and subsequently amended.
Agricultural Extension: the part of the Cooperative Extension 

Service dealing with matters related to agriculture.
County Agents: employees of the Cooperative Extension Service 
having responsibilities within an area designated by county 
governmental borders.



8
9. State specialist: an extension worker having statewide respon

sibilities in matters pertaining to a particular subject area.
10. Curly top: a. microscopic disease affecting many solanaceous

crops (such as tomatoes), spread by insect vectors, and causing 
a yellowing and curling of the foliage and possibly the death 
of the plant.

11. Cultivars: a term short for cultivated variety, which is a
variety of a plant that man creates and maintains through culti
vation.



CHAPTER 2

REVIEW OP LITERATURE

Previous work relating to the elements of this study, demonstra
tions and questionnaires, is discussed. Also included is a review of 
references relating to curly top disease and tomato cultivars, Both 
are concerns in the home garden trial chosen to test the study’s ques
tionnaire demonstration concept,

Demonstrat ions
The historical origins of demonstration use in extension work 

outlined in the introduction are well described by both Williams (1968) 
and Bradford Knapp (1912). Seaman Knapp (1905) has documented his first 
demonstration at the Porter Farm in Terrell, Texas in 1903, In this 
account as well as another written just before his death, Knapp discus
ses both the beginnings of demonstration work and the idea of extension 
as a method of education. He predicted with certainty that the idea 
would take hold around the world (Seaman Knapp, 1910).

An upswelling of support for institutionalizing the extension 
idea arose in the xyears between Knapp’s first demonstration and the 
passage of the 1914 Smith-Lever Act. The nation’s first county agents 
were hired. Private funds soon helped add others. The need for federal 
appropriations to support the increasing extension work load placed on

9
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the nation’s agricultural colleges soon became apparent to many inter
ested in agriculture (Vines and Anderson, 1976, p. 7).

In 1909 the first of 32 bills to finance extension work was filed 
in Congress (USDA, Office of Experiment Stations, 1914)„ Finally a bill 
providing for extension work won passage and was signed by Woodrow Wilson 
on May 8, 1914 (United States Congress, Senate Committee on Agriculture 
and Forestry, 1913). The Smith-Lever Act officially established exten
sion work and the demonstration idea in U.S. agricultural education.

The purpose of a result demonstration is not to discover new 
truths (the job of researchers at the state experiment stations), but to 
verify that research findings apply to a particular area. Both the 
extension worker and the farmer gain confidence in widely applying the 
findings. The extension agent can afterwards speak of the practice 
with conviction based on personal experience. The farmer develops con
fidence in applying the practice as well as trust in the extension agent 
who directed the demonstration (Wilson and Gallup, 1955).

Now that the extension system is well established and there is 
confidence in extension information, the number of result demonstrations 
conducted has dropped. In 1942 the national average per county agent 
was 35, and by 1952 this number had dropped to 23 (Wilson and Gallup, 
1955, p. 41). However, both the introduction of new agricultural prac
tices and the expansion of extension’s effort to reach a new urban 

clientele lacking confidence in extension information has required that 

demonstrations continue.



11
Wilson and Gallup ? s (1955) report on extension teaching methods 

places result demonstrations only half as effective costwise in influ
encing adoption of practices as the average of all methods. Other 
methods studied included individual contacts, group contacts, and the 
use of mass media. Reasons for this high cost are cited (Wilson and 
Gallup, 1955, p. 41):

The result demonstration is one of the most expensive 
methods of extension teaching due to the large amount of the 
agent’s time and travel required to plan the demonstration, 
select the demonstrator, start the demonstration, keep in 
touch with its progress, see that it is properly completed, 
and that sufficient records have been kept to establish proof 
of the value of the practice demonstrated. . . .  Result 
demonstrations started but not completed, duplicated need
lessly, or which tend to be experiments rather than demon
strations, increase the cost still further.

Method demonstrations in vegetable gardening resulted in a ten 
percent rate of practice adoption. This value is low when compared to 
other subject matter areas studied. No study of rates of practice adop
tion by subject matter area was made for result demonstrations (Wilson 
and Gallup, 1955, p. 44).

Questionnaires
This section reviews past and present uses of questionnaires in 

extension work, research findings on factors influencing questionnaire 
return rates, and questionnaire design theory.

Questionnaires are frequently used in extension to "determine 

the situation" as Pesson (1966, p. 109) describes the beginning of the 
program planning process. Mathews (1952) cites mail surveys as an
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often-used technique serving as a basis for planning programs. Another 
major use of surveys in extension is in program evaluation (USDA Exten
sion Service, 1977)- Additionally, extension workers in several states 
are considering the use of questionnaires for gathering demonstration 
information in a manner similar to this study (Anonymous, 1980).

High rates of return are of paramount importance in conducting 
any questionnaire program. Low returns violate the statistical assump
tion requiring a random sample of the population under study. In 
postal surveys return rates may vary from 10-90% (Dixon and Leach, 1979, 
p. 9). Often returns may be 50% or less (Lehman, 1963). With prompting 
done through follow-up contacts, rates average 74% (Dillman, 1978).

Sociological studies concerning questionnaires have found several 
factors that affect return rates. People surveyed about a special inter
est held in common return a higher number of surveys than a more non- 
homogeneous group of people (Donald, 1960, p. Ill; Suchman and McCandles, 
1940; Dillman and Frey, 1974). High returns have also been obtained 
from people who are in some way associated with the organization spon
soring the study (Donald, 1960).

Personalization of surveys to include such things as personal 
salutation and penned ink signature have generally been found to increase 

response (Dillman and Frey, 1974; Simon, 1967; Cox, Anderson and Fulcher, 

1974). Landy and Bates (1973) found personalization had no effect in 
their study while Andreasen (1970) reported a response decrease with 
increasing" levels of personalization.
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Both the studies of Longworth (1953) and Suchman and McCandless 

(1940) agree that a higher return is obtained from a better-educated 
sample population.

It is generally concluded that the use of follow-up postcards 
to prompt more response is effective (Hochstin and Athanasopoulos,

1970; Kephart and Bressler, 1958; Nichols and Meyer, 1966). The study 
of Cox et al. (1974) showed no change in the response obtained.

Theories of questionnaire design vary according to the preferences 
of the researcher. However5 researchers do agree on many major points.

Both Oppenheim (1966) and Dillman (1978) agree that allowing a 
respondent to maintain his anonymity is important in insuring frank and 
complete answers. Number coding of forms and never requesting a name 
or address are the best ways to achieve anonymity and frankness in reply.

Dixon and Leach (1979) find that a letter of introduction is 
always necessary. Dillman (1978) concurs, but also maintains that four 
items are essential to any cover letter. These are a personal saluta
tion, a statement explaining the social utility of the survey, an 
assurance that every individual's reply is important, and a ballpoint- 

penned signature.
The attractiveness of questionnaire layout and printing is deemed 

important. Dixon and Leach (1979) urge surveyors to avoid low-quality 
paper and a corner staple. Dillman (1979) maintains that an effective 
questionnaire need only be neatly designed and printed on fair-quality 
paper stock. Expensive paper and photo reproductions do not necessarily
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elicit greater response9 especially if the researchers are from a 
public-related group or university. He believes the public at large 
doesn't expect glossy printing from these non-commercial organizations.

Oppenheim (1966) and Dillman (1978) both stress the need for 
clear, frequently occurring instructions. Dillman prefers to provide 
instructions for answering every question. He has found instructions 
are best placed in parentheses immediately following a question and 
before the answers.

Transitions may be "chatty," but the maintenance of conversa
tional flow in a self-administered questionnaire is desirable (Dillman, 
1979). Transitions are especially important when opening a new line 
of inquiry, at the start of a new page, and to break the monotony of 
a long series of questions on a single topic. Even the word "next" can 
be invaluable in holding attention and preventing page-flipping and 
skipped questions (Dillman, 1978).

In deciding how to structure survey questions, it is preferable 
to present a combination of open and closed questions to avoid boredom 
and frustration (Dixon and Leach, 1979)d Dillman (1978) gives a fifteen- 
point checklist for testing question suitability. Some of his more 
important cautions are to be simple and short, avoid vagueness, don't 
talk down, and strive to avoid biased, objectionable, or hypothetical 
questions. Dixon and Leach (1979) view a short, interesting question 
that will seem important to the respondent as a basic necessity.

The survey's sequence shouldn't be too intimidating for respon
dents (Oppenheim, 1966). Questions should flow in a logical sequence.
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but the initial questions should be straightforward and relaxing9 with 
questions concerning complex issue saved until later. Classifying 
questions (such as age or occupation) should be near the end, with 
very personal questions presented last as they "tend to discourage 
respondents" if placed earlier (Dixon and Leach, 1979, p. 27).

Consistency in the layout of questions on the page is very 
critical to eliciting complete responses. Once respondents have become 
accustomed to the survey's presentation of lines, insets, type differ
ences, headings, boxes, and other features, they give more accurate 
answers and save time in responding (Oppenheim, 1966). Dillman (1978) 
has defined a very definite system for formulating pages, maintaining 
consistency even in always placing a "yes" answer first and "no" last 

throughout the survey form.
The studies of Dixon and Leach (1979) and Dillman (1978) agree 

that the use of filter questions which quickly direct respondents to 
the next question if the filter question doesn't apply to them will 
avoid the development of feelings of frustration and behavioral condem

nation. Both believe this technique aids increased response.

Curly Top Disease 
Bennett (1971) writes that curly top has been the "chief limiting 

factor in tomato production in the western USA for many years." He 
specifically notes that "tomatoes in home gardens are-subject to injury 
throughout virtually all of the western USA" (Bennett, 1971, p. 20). In 
the West and Mexico, the disease thrives "best in arid and semi-arid
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areas 9 and its known host range includes some 300 species of plants in 
44 plant families exclusive of monocots (Bennett, 1971)«

Symptoms of the disease in tomatoes include a general yellowing 
of plants, slight drooping of leaves, upward rolling of leaflets, a 
purplish vein and leaf discoloration, and general slowing of growth.
As the^disease progresses, yellowing increases and growth slows further. 
Young infected plants usually die before fruiting. Ones infected in 
later stages may die or may hang on as stunted yellowish or brownish
plants until the end of the growing season. Any fruits produced on
these plants are of low quality (Bennett, 1971).

The only known vector for transmitting curly top virus in North
America is the sugar beet leafhopper, Circulifer tenellus (Bennett,

1971). Adult leafhoppers are about one-eighth inch long and gray to 
greenish-yellow in color. The insect has an extensive host range, can 
produce three or more generations per season, and can move up to 400 
miles on wind currents and successive flights. It can acquire virus in 

a feeding time of as little as one minute and can transmit it in a like 
period (Bennett, 1971).

In Arizona leafhoppers are most commonly a problem as migratory 
insects from desert areas (Moore, 1966). Disease distribution and sever
ity of infection parallels the distribution and abundance of the leaf

hopper (Davison, 1965). Both fall and spring migrations from weed hosts 

are common although the extent of movement depends on conditions such as 
rainfall and weed host availability (Moore, 1966). Noted Arizona weed
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hosts include saltbush9 Russian thistle, Atriplex, mesquite, filaree, 
malva, and lambsquarter (Davison, 1965). (

Some limited control of the disease has been obtained by adjust
ing cultural practices. Choosing planting dates to avoid insect move
ment periods can be helpful. Because young plants are more severely 
affected, maintenance of a good rate of growth is also useful. Shading 
and increasing humidity have known unfavorable results on the beet leaf- 
hopper. However, because of both high cost and reduced tomato yields, 
shading has only a limited use (Bennett, 1971).

Commercially in California, an expensive state agriculture 
department leafhopper spray program has favorably controlled insect 
populations in the uncultivated parts of the San Joaquin Valley since 
1943. Where uncultivated areas have not been sprayed on such a massive 
scale, results of insecticide control efforts have been variable 
(Bennett, 1971).

Tomato has shown the lowest level of resistance of any crop 
plant susceptible to injury by curly top. Known resistance in the 
tomato genus, Lycopersicon, appears to be a resistance to full estab
lishment of the virus in the plant. It's not known if this resistance 
is due to a blocking against full systemic establishment in the plant 
or non-preference to leafhopper feeding (Bennett, 1971).

Breeding efforts to transfer known resistance of such wild 
species as L, peruvianum and L̂. hirsutum have been slow. Simpson intro
duced two cultivars, 'Owyhee' in 1959, and 'Payette' in 1962, as resistant



to curly top (Bennett 3 1971). A promising breeding line (C5) released 
by Thomas and Martin (1971), has been used in later breeding efforts. 
Martin (1976) released four cultivars, *Roza\ vRowpac’, vColumbia’, 
and ’Saladmasterv, based on crosses involving this line (Tigchelaar,
1980). Other recent resistant cultivar releases have included ’Bicenten
nial v, ’Ida Red’, ’Red Lode’, ’Parma’, and ’Super Star’ (Tigchelaar, 1980).

The incidence of curly top in Arizona home gardens in the 1980 
growing season was reported as light by many sources (Biles et al.,

1980).

Study Tomato Cultivars 
The six tomato cultivars used in this study are referenced by 

description and, where possible, by parentage.
’Columbia’ was released in 1976 by the Western Region ARS, USDA 

at Prosser, Washington. It’s described as having resistance to curly 
top, verticillium, and fusarium wilts, and as widely adapted to the 
intermountain West. The open-pollinated cultivar is derived from a 
cross of Par. C5 x VF145-21-4 (Tigchelaar, 1980). The plant is a small 
open bush with curled leaves. Fruits are deep oblate, show uniform 
green shoulders, and weigh on average 0.31 pounds apiece. The cultivar 
is recommended for both home and market use (Washington State Crop 

Improvement Association, 1976).
’Saladmaster’ is another 1976 release from the Western Region 

ARS at Prosser. It has resistance to curly top, verticillium and fusa
rium wilts, and Alternaria tenuis. Adaptation is to the intermountain
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West (Tigchelaar3 1980). ? Saladmasterv s’ parentage involves a cross of

L.* humifusum x L. esculentum. Seed is produced by open pollination.
The plant is a large determinate type with normal leaves. Fruit is 
egg-shaped, green-shouldered, weighs 0.08 pounds apiece on average, 
and is recommended only for home use (Washington State Crop Improvement 
Association, 1976).

vWalter’ is a determinate cultivar developed by the Florida 
A.R.S. Similar in plant and fruit type to Homestead 24, it is widely 
shipped for fresh market use. Disease resistance includes races 1 and 
2 of fusarium wilt, leaf mold, gray leaf spot, and gray wall. Plants 
are medium large and yield medium-size fruits which are characteristic
ally shaped'as a slightly flattened globe with standard shoulders 
(Asgrow Seed Company, 1977).

*Improved Pearson’ has for many years been a leading cultivar 
grown in the semi-arid areas of the West. It is a fresh market type 
grown where fusarium and verticillium wilts are not a problem. Plants 
are large and vigorous but relatively compact with heavy foliage cover. 
The medium large fruits are slightly flattened globes with standard 
shoulders (Asgrow Seed Company, 1977).

The other two cultivars used were ’GS-393’, a fresh market 
variety recently developed by Goldsmith Seeds; and ’Pacesetter 511’, a 
square/round processing type from Asgrow Seed Company. Both cultivars 

are reported to have performed well in the interior desert growing areas 
of California (Sims, 1980).



CHAPTER 3

PROCEDURE FOR THE STUDY

The planning and procedures for conducting this study are 
described on the basis of: (a) definition of job roles of participants; 
(b) description of state-level work performed; and (c) return of ques
tionnaires and analysis of data.

Job Roles
The major participants in this study were the author acting in 

the role of a state specialist, county agents, and home garden coopera
tors.

This testing program originated at the state extension specialist 
level. Cooperator tomato cultivar testing had been tried by state vege
table extension personnel earlier, and the results were unsatisfactory 
due to low returns, and therefore gathered little useful information. 
Because the previous testing programs paralleled this study’s idea of 
distributing plants and collecting information on paper, they were 
reviewed before planning proceeded.

In the role of a state specialist in this work, the author’s 
responsibilities included the timely growing and distribution of tomato 
transplants to counties, constructing and distributing instructions and 
return questionnaires, visiting several county agents and their

20
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cooperators during the growing season, collecting and analyzing mailed 
survey returns, and making results known to not only the county agents 
and cooperators, but also seed suppliers, the agricultural college, 
and extension personnel nationwide.

County agents were required to find cooperators, distribute 
plants, answer questions on cultural and pest problems during the grow
ing season, remind cooperators to return questionnaires, and in general 
to provide on-the-scene personal contact.

Cooperators were asked to receive, plant, and care for plants 
in their home garden as they would their usual tomato crop. Addition
ally, participation meant keeping records of numbers of fruits harvested, 

making observations and ratings, answering survey questions, and return
ing these records to the state level.

Coordination of the contributions of all program participants 
was necessary for a successful program.

State-Level Work
Tomato cultivars were chosen for testing on the recommendations 

of seed company representatives and university extension specialists in 
both Arizona and California. Seed was ordered in early February for a 
mid-March planting. In early March, county agents were contacted to 
assess interest, find cooperators, and determine numbers and dates for 

shipping plants.
During this period questionnaire formulation was also considered. 

A review of the literature was made before questions were written or the
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questionnaire format was planned. It was decided to distribute written 
material to cooperators in Accupress brand binders. The material in
cluded a signed letter of introduction and explanation9 a planting and 
culture guide, harvest record sheets, questionnaire booklet, and stamped 
return envelope for return (see Appendices A, B, C, D, and E, respec- 

tively)o
Efforts were made to make the questionnaire booklet of a neat 

and attractive format„ A simple graphic illustration of a tomato plant 
superimposed on an outline of the state was designed for the front cover. 
This illustration was carried over to the planting guide and harvest 
record sheet to give a sense of continuity. The front cover also car
ried the program title, a short description of the term "cultivars," a 
few words describing the importance of each gardener's test in influen
cing university recommendations to other gardeners, an advance thank you, 
a return address, and a non-discrimination and explanatory statement 
describing the work of the agricultural- college.

Plans were to direct cooperators to make fruit yield counts on 

the harvest record sheets. These counts would then be transferred from 
this working sheet to the questionnaire booklet. This way all informa
tion about the test would be contained and returned in the booklet.

Both the questions and the order asked in the questionnaire were 
carefully considered. Questions were reviewed by two persons for clarity 

before the booklet was printed. The first two questions concerning home 
county and town were designed to be easy to answer and applicable to
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everyone. Questions of similar content were grouped together. The 
most important were asked first within the constraint of the order in 
time in which they could be answered within the growing season. Demo
graphic questions were asked last.

The layout of the pages of the questionnaire (see Appendix D) 
was likewise carefully planned. A vertical response flow was built in 
to give a feeling of moving on from question to question. This was 
accomplished by shifting responses nearer the middle of the page and 
centering them underneath each other.

All questions were lettered and answer choices numbered. Simi
lar answers (i.e.9 yes and no) were always given the same number and 
position from question to question. All questions were consistently 
typed in lower-case type and‘answer choices in upper case. Each ques
tion contained instructions for answering in parentheses immediately 
following the question. Words instead of numbers were always used for 
answer choices, when possible.

For items in a series, responses made by intersecting a row and 
column were not relied on. Each possible answer was repeated as a word, 
to maintain standard left-to-right reading flow. Hats (| [) over both
the series of questions on the left and answer choices on the right 
served to further clarify them in respondents' minds. In series ques
tions, both the question repeated in a few short words and answering 
instructions in parentheses were printed under the hat and placed over 

the block of answer choices.
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A scheme of arrows and directions was provided to speed skip

ping questions not pertaining to a particular respondent. The screen 
question was indented. A box referred people not answering the question 
to the next one; and an arrow directed those answering to proceed fur
ther and answer the other parts of the same question.

All parts of a question were placed on the same page and never 
carried over to the next. Transitions were utilized to add continuity 
from question to question. Frequently the word "next" was used to 
preface a transition statement. Transitions helped to break up the 
monotony of a long series of questions and discouraged page-flipping 
and resultant skipped answers.

Dillman (1978) urges reduction of any questionnaire booklet to 
a smaller size to make it look less formidable to answer. On his 

advice, the questionnaire booklet was reduced to fit the legal-sized 
paper folded in half lengthwise. This was done by typing questions in 
standard elite type and notes in script within a 8 x 10 inch space on 
regular 8.5 x 11 inch paper. These master sheets were then reduced 
on standard office photocopy equipment to 74 percent of their original 

size. The resulting 5.9 x 7.4 inch sheets easily fit on a 7 x 8.5 
inch booklet page formed from folding 8.5 x 14 inch legal paper length
wise. The reduced masters were pasted on legal-size paper (keeping in 
mind the final folded booklet form), and photocopied.

This 7 x 8.5 inch booklet, when folded in half, was planned to 
easily fit into a 4-1/8 x 9-1/2 inch business envelope for return. The
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rest of the booklet’s printed material was photocopied at normal 8.5 x 
11 inch letter size. Expense involved in producing booklets in this 
manner was minimal.

Seed of the six tomato cultivars grown in this trial was ob
tained from several sources: ’Columbia’, ’Improved Pearson’, and rWalter 
Villemaire’ from Petoseed Company; ’Pacesetter 511’ from the As grow 
Seed Company; ’GS 393’ cultivar from Goldsmith Seeds; and ’Saladmaster’ 
from the Washington State Crop Improvement Association. Goldsmith Seeds 
also supplied the seed of ’Sweet 100’ cultivar which was given as a 
bonus to cooperators for trial.

Seed was sown on March 7, 1980. Planting was made in the green
house in plastic flats containing a 1:1 peat-perlite mix topped with 
0.75 inch of vermiculite. Plants were transplanted to the 1-inch-square 
by 3-inch-deep cells of Speedling brand trays. The transplant dates 
were both April 1 and 2, and April 7 and 8 due to injury to the first 

transplants with a strong liquid fertilizer solution6 Transplants were 
watered, fertilized, and sprayed with insecticide for insect control, 

as needed.
Distribution of plants to the 51 cooperators in the different 

counties took place as follows: seven trials to Maricopa, May 5; six 
trials to Santa Cruz, May 7; three trials to Pima, seven to Cochise, 
and six to Greenlee, May 9; six trials to Mohave, May 16; and ten trials 
to Apache and six to Navajo, May 20. Coded booklets were also sent to 

agents and cooperators at the same time.
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Every cooperator received three plants of each cultivar, indivi

dually labeled with a. Fastlock brand label. This style label was chosen 
because it fastened around the plant stem and would have a high proba
bility of remaining attached throughout the growing season.

Using a permanent marker 9 the labels were coded with a plant 
number9 county number5 and individual cooperator letter code. The 
plant number codes ranged from 1 to 18, with three plants being the same 
cultivar, as there were only six cultivars. The cultivar coding was 
revealed in the letter of introduction, but cooperators were urged to 
follow number coding in collecting data to avoid possible name bias. 
Because these plant numbers would be frequently used in making observa
tions, they were circled.

The county number code followed the number scheme listed beside 
the county names printed as responses to the first question of the ques
tionnaire. This was also stated in the letter of introduction. The 
cooperator letter code followed. These same county number cooperator 
letter codes were printed at the top of the individual questionnaires 

Visits were made to check the progress of the trials in Santa 
Cruz, Cochise, and Apache counties over the growing season.

Questionnaire Return and Data Analysis 
Several letters (see Appendix F) were sent to agents near the 

September 15 deadline, asking them to remind cooperators to end their 

trials. The period of booklet return extended from late September to 
early December.
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As returns were received9 they were assigned an elevation zone 

number corresponding to the scheme used in the Arizona Extension publi
cation, Q 95, "Ten Steps to a Successful Vegetable Garden,n

Data were summarized on data coding sheets in preparation for 
computer analysis. This summary was key-punched onto IBM computer 
cards and computer-analyzed with the help of a College of Agriculture 
statistician and computer programmer.

Data analyses proceeded in two stages. First an analysis of 
variance was performed on yield counts by grades after the data had 
undergone a square root, transformation. Second the various plant 
ratings were analyzed by the Chi-square statistic using two-way and 
three-way frequency tables.

In the analysis of variance, the study was analyzed as a nested 

design with growers (cooperators) nested within elevation zones. The 
SPSS, or Statistical Package for the Social Sciences computer program, 
originated by Northwestern University, was utilized for this ANOVA. 
Sources of variation considered in the analysis were total, elevation 
zone, growers nested within zone, cultivar, elevation zone by cultivar, 
and error. This was done for the yield of grades 1, 2, 1 and 2 combined, 
arid culls.

Once these main sources of variation were removed, individual 
one-way analyses of the dependent-yield variables by other variable 
factors were performed. These factors included cooperator responses to 
questions concerning fertilizer rate, fertilization frequency, plant 
shading, type of irrigation, support of plants, and within-row spacing.
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In both the main and individual analyses of variance9 levels 

of significance considered included both .05 and .01. Subsequent mean 
separations were performed using the LSD statistic at the highest 
significance level indicated by the F test.

The second part of the analysis involved eight rating factors. 
Pearson’s Chi-square statistic was used to determine whether plants as 
classified into rating categories were independent of other variables.
The BMDP or Bio-medical Data package was used for this computer analysis.

First two-way frequency tables were constructed to measure asso
ciation of ratings and other variables taken individually. Then multi
way frequency tables based on the log linear model were formulated.
These three-way tables measured the association of two factors separately 
found significant with the same rating in the two-way analysis. Likeli
hood Ratio Chi-square rather than Pearson’s was used in the three-way 
analysis.

It should be noted that missing data, and more especially vari
able categories containing no data, caused missing frequency cells that 
couldn’t be analyzed by the computer methods used. However, every 
variable and variable interaction complete enough for analysis was ana

lyzed.



CHAPTER 4

PRESENTATION AND INTERPRETATION OF DATA

The data presented in this chapter were obtained from the ques
tionnaires returned by home garden cooperators and from the Tucson 
trial * Fifty-one trials were placed with gardeners by county agents in 
eight Arizona counties. Three trials were reported destroyed by either 
freezing, herbicides, or lack of irrigation. Of the possible 48 remain
ing trials, 24 cooperators or fifty percent returned questionnaires,

The analyses of returned data were done by division into eleva
tion zone categories. Table 1 shows the elevation and location of the 
24 trials analyzed. One trial was not used in analyses involving yields 
because fruit-yield counts were not broken down by grades, as done by 
the other 23 cooperators. Data from this trial was, however, used in 

other analyses.
Fruit-yield counts were the source of data used for an analysis 

of variance. Cooperators were asked to grade harvested fruit into 
grades 1, 2, and culls. Grade number 1 was described as fruits without 
major defects that were of good size. Grade number 2 was defined as 
fruits with few defects or those that could be considered slightly small. 
Cull fruits were those that were very small, under or over ripe, or 

badly defective or diseased.

29
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Table 1. Elevation zones and location of cooperator trials.2

' Ik Elevation Number Analyzed

Zone 1 0 - 1000 ft.
None 0

Total 0
Zone 2 1000 - 2000 ft.

Tempe - Maricopa 1
Phoenix - Maricopa 1

Total 2

Zone 3 2000 - 3000 ft.
Wickenburg - Maricopa 2
Tucson - Pima 1

Total 3

Zone 4 3000 - 4500 ft.
Duncan - Greenlee 2
Franklin - Greenlee 1
Cascabel - Cochise. 1
Kino Springs - Santa Cruz 1
Nogales - Santa Cruz 2
Kingman - Mohave 2

Total 9

Zone 5 4500 - 6000 ft.
St. Johns - Apache 3
Concho - Apache 1
Chambers - Apache 1
Holbrook - Navajo 2
Sierra Vista - Cochise 3

Total 10
Grand Total 24

2 Locations given for nearest city, followed by county.
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Four separate analyses of variance were performed on grade 

categories 1, 2, 1 and 2 combined5 and culls. All yield-count data 
was transformed by the square root transformation (/x) before analysis 
to more nearly approximate a normal distribution.

Data were handled as a nested experimental design with the 24 
growers (cooperators) nested within the four elevation zones. Each 

grower tested six tomato cultivars. Table 2 summarizes the analysis of 
variance on fruit counts for the four grade categories of fruit consi
dered.

Elevation zones were found to be a highly significant source of 
variation over all grade categories. Cultivars were significant only 
for grade 2 and grades 1 and 2 combined. Failure to detect a consistent 
trend across all grade categories for cultivars is attributed to the 

lack of controlled conditions surrounding the cooperative trials. Zone 
x cultivar interaction was not found significant.

A mean separation of fruit counts by zones and by cultivars is 
given in Tables 3 and 4, respectively. Means of yield counts from the 
separate replicated trial conducted at the University of Arizona Campbell 
Avenue Farm in Tucson are also shown in Table 4, for comparison. The 
means given are weighted means obtained by squaring computer-derived 
transformed means. Separation using the LSD test was performed on 

transformed means.
The two higher elevation zones (over 3000 feet) showed generally 

higher mean yields over all grades than the two lower ones. Mean yields
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Table 2. Analysis of variance summary for tomato fruit counts 
from cooperator trials.z

i

Source df Grade 1 Grade 2 Grades 1 & 2 Culls

Zone (Z) 3 98.5** 45.3** 123.1** 10.6**
Cultivar (C) 5 7.7 14.9** 24.5* 1.9
Z x C 15 3.3 0.9 3.0 0.5
Error 95 5.9 4.6 8.6 1.1

z Transformed data; * = Significant at the .05 level; ** = Significant
at the o01 level.
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Table 3. Means of fruit yield counts as affected by cooperators' 

elevation zones.

Number of - - - - - Weighted Means2 - - - - -
Zone Elevation 3-Plant Grades
Code Zone (ft.) Groups Sampled Grade 1 Grade 2 1 & 2 Culls

1 1000-2000 54 0.0 cy 0.4 c 0.6 c 0.3 b
2 2000-3000 54 6.5 b 4> 00 be 13.5 b 4.2 a

3 3000-4500 18 25.1 a 12.0 ab 40.0 a 4.0 a

4 4500-6000 12 9.6 b 16.1 a 31.4 ab 4.1 a

Z Weighted means: fruit count means per 3 plants obtained by squaring 
transformed means.

y Mean separations were performed on square root transformed means 
using the LSD test. Test values for comparison of means by numbers 
sampled are listed below. Note that LSD values were calculated using 
two values for the unequal sample sizes. Mean comparisons should be 
made using the LSD value for the appropriate combination of numbers 
sampled to reflect this facet.

Number of 
3-Plant
Groups Sampled

— — — LSD
Grade 1

(Least Significant Differences) 
.01 Level of Significance 
Grade 2 Grades 1 & 2

at - — — 
Culls

54 \ 1.23 1.08 1.48 0.53
54 & 12 2.04 1.79 2.45 0.88
54 & 18 1.74 1.53 ■ 2.09 0.75
18 & 12 2.38 2.10 2.86 1.03
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Table 4. Weighted means of yield counts as affected by cultivars 
for Tucson and cooperator trials.

Tucson Trial Cooperator Trials

Cultivar Grade 2 Cultivar Grade 2
Pacesetter 511 
Saladmaster 
Columbia 
GS-393
Improved Pearson 
Walter Villemaire

1 5 . 2 V
11.6 a
11.6 a 
6.3 b 
4.0 be 
2.9 c

Saladmaster
Columbia
GS-393
Pacesetter 511 
Improved Pearson 
Walter Villemaire

17.2 a
14.6 a 
13.1 ab
11.6 ab 
6.5 ab 
4.1 b

LSD(.01,20df) = 0'79 LSD(.01,23df) 1,66

Cultivar Grades 1 & 2 Cultivar Grades 1 & 2
Saladmaster 
Pacesetter 511 
Columbia 
GS-393
Improved Pearson 
Walter Villemaire

38.4 a
37.2 a
29.2 a 
11.6 b
7.8 be 
5.3 c

Saladmaster
Columbia
GS-393
Pacesetter 511 
Improved Pearson 
Walter Villemaire

37.8 a 
35.4 ab 
34.1 ab
29.0 ab
18.1 be
13.1 c

LSD(.01,20df) = 1*08 LSD(.05,23df) = 1'71

Z All weighted means given are in yields per three trial plants. 
Weighted means obtained by squaring square root transformed means.

y Means followed by the same letter are not significantly different 
at the LSD level of significance indicated.
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in the lowest elevation zone (1000-2000 feet) were particularly low.
High summer temperatures in these lower desert areas are believed to 
be the cause.

Of the cultivars grown statewide by cooperators 9 no clear-cut 
differences were detected in yield counts of the top four: f Saladmaster’9 
f Columbia’9 1GS-3931, and TPacesetter 511*. 1 Improved Pearson*3 a
standard cultivar grown in the state for many years, placed in the 
second yield ranking although it was not significantly different from 
the top group. ’Walter Villemaire* consistently was ranked lowest.

The Tucson trial (elevation 2400 feet) showed more distinct 
differences in cultivars. This was attributed to both trained scien
tific supervision and replicated conditions, as well as increased heat 
stress which adversely affected cultivars that were only suited to 
cooler, higher elevation conditions.

That the elevation zone x cultivar interaction term of the co
operative trial analysis of variance shows no significant differences 
is not surprising. Highly variable response data and inability to 
remove many sources of variation, because they were not present in 
every nested unit of the trial, led to a large unrefined error term 
unsuitable for detecting small differences. It should be pointed out 
that only 5 of 23 trials were conducted at elevations under 3000 feet. 
Cooperator trial data can essentially be viewed as representing higher- 
elevation growing conditions.

In Tucson, v Saladmaster’, T Pacesetter 511*, and ’Columbia*
' z  •

yielded more than any other cultivars in the replicated trial. ’GS-393’
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and vImproved Pearson* formed the second highest-yielding group* al
though the yield of 7Improved Pearson* was not significantly different 
from ’Walter Villemaire*, the lowest-yielding cultivar„ Note that a 
mean separation of fruit weights from this trial moved the small- 
fruited ’Saladmaster* to the bottom group in both grade categories; 
otherwise cultivar mean yield ranks remained the same. These results 
confirm that counts are a good sample population for detecting signifi
cant differences if fruit size does not vary greatly.

Individual one-way analyses of variance were made to investi
gate yields as affected by other cooperator-reported factors. All 
levels of these factors were not included in every cooperatpr’s trial * 
and therefore could not be included in the overall analysis of variance. 
As the best available estimate of error, the error mean square from the 
appropriate yield category analysis of variance was used for forming 
F ratios to test the significance of these factors. A summary of trial 
factors found significant is displayed in Table 5.

Yield counts were clearly affected by the three additionally 
reported factors listed in Table 6. Fertilized gardens yielded more 
than unfertilized gardens. No differences resulting from rates or 
frequency of fertilization were detected, probably because the rate 
categories were not defined accurately. The recommended rate of fer

tilization was 1 pound of 16-20-0 per 100 square feet of garden area; 
however, a large number of cooperators did not fertilize as recommended. 

A study delineating incremental rate differences would define rate
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Table 5. Yield variance significance summary for factors in 
cooperative trials.

Factor Grade 1 Grade 2 Grades 1 & 2 Culls

Elevation zone (Z) ** ** ** kk

Cultivar (C) ns ** * ns
Z x C ns ns ns ns

Fertilizer rate ** ** kk kk

Fertilization Frequency ** ** kk kk

Shade ** •k* kk kk

Irrigation type ** ns ns kk

Plant Support ** ns kk kk

Within-row spacing * ns ns kk

Between-rdw spacing ns ** ** ns

** = significant at .01 level; * = significant at .05 level; ns = 
not significant.
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Table 6» Weighted means of yield counts as affected by fertilizer 
rate, fertilization frequency, and plant shading in 
cooperative trials.

Number of
3-Plant Grades

Variable Groups Sampled Grade 1 Gir ade 2 1 & 2 Culls

Fertilizer Rate
< Recommended 24 21.6Zay 15.4 a 37.8 a 5.0 a
> Recommended 54 13.1 a 10.6 a 29.1 a 3.2 ab
Zero 24 0.8 b 1.9 b 3.2 b 1.3 b
Fertilization
Frequency
Twice 42 26.1 a 18.8 a 49.1 a 6.3 a
Once 60 16.0 a 11.6 a 33.6 a 2.8 b
None 24 0.8 b 1.9 b 3.2 b 1.3 b

Plant Shading
< 3 hours 84 16.9 a 14.8 a 38.5 a 3.9 a
> 3 hours 48 4.5 b 5.0 b 10.2 b 2.0 b

Z Weighted means obtained by squaring square root transformed means.
^ Means followed by the same letter are not significantly different 

at the level of significance indicated in summary Table 5. LSD 
separations were performed using the appropriate sample size 
combinations by the method illustrated in Table 3 footnotes.
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effect on yield. Evidentally9 frequency of fertilization had no effect 
because soils could store and supply essential fertilizer elements 
until the end of the growing season.

Gardens that were shaded for more than three hours per day 
yielded significantly less than relatively unshaded ones. This confirms 
the need to plant tomatoes in full sun exposure9 as had almost univer
sally been recommended. It also is a deterrent to those gardeners who 

would provide artificial shade to avoid curly top incidence through 
reduced vector feeding.

Four other reported factors were examined for their effect on 
yield, as given in Table 7. None of these yields were significant 
across all grade categories, as were the three factors just discussed 
(see Table 5).

Drip and sprinkler types of irrigation produce significantly 
higher yields than furrow irrigation. It was noted that only one trial 
irrigated by either method, in this case drip, was conducted under 3000 
feet elevation and that specific trial had low yields, mostly attribut
able to shading. No yield differences between drip and furrow irrigated 

plots were found in the low-elevation Tucson trial. The author believes 
that greater attentiveness to water needs of plants may be the reason 
for the higher yields realized by cooperators using drip or sprinkler 
irrigation. Plants that were supported exhibited higher yields than 
those not supported. In on-site visits, unsupported plants showed 
more fruit rot where fruit touched the ground; therefore, the lower 

yields of unsupported plants.
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Table 7. Weighted means of yield counts as affected by irrigation 
type, plant support, and within- and between-row spacing 
in cooperative trials.

Number of
3-Plant Grades

Variable Groups Sampled Grade 1 Grade 2 1 & 2 Culls

Irrigation Type
Drip 18 24.3Zay 7.6 a
Sprinkler 18 23.4 a 3.6 b
Furrow 102 9.1 b 2.9 b
Plant Support
Supported 36 29.2 a 47.3 a 4.4 a
Ground 102 8,1 b 21.2 b 1.6 b
Within-Row Spacing
> 24" 54 18.9 a 2.6 b
18" to 24" 66 11.0 b 4.2 b
< 18" 12 6.3 b 8.9 a
Between-Row Spacing
30" to 36" 66 15.3 a 35.3 a
< 30" 30 5.9 b 14.8 b
> 36" 18 4.1 b 15.7 ab

z Weighted means obtained by squaring square root transformed means.
^ Means followed by the same letter are not significantly different 

at the level of significance indicated in summary Table 5, LSD 
separations were performed using the appropriate sample size 
combinations by the method illustrated in Table 3 footnotes.
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An analysis of yield as affected by within-row spacing found 

wider spacings yielded most. Competition for light, moisture, and 
plant nutrients at closer spacings probably explains these differences. 
It was noted that within-row spacings of less than 18 inches produced 
a significantly higher number of cull fruit. Competition for light 
probably induced vegetative growth at the expense of fruit size and 
quality.

Yield counts were also significantly affected by between-row 
spacing. There is a tendency towards higher yields at wider spacings, 
but the trend is not clear and no conclusions could be made.

In addition to the overall and individual analyses of variance 
already discussed, data were tested for independence by Chi-square 
methods. Specifically, these methods were used to learn whether 
cooperator assigned plant and fruit rating scores were related to 

reported cultural practice variables. These results are presented in 

Table 8 and Figure 1.
The reported Chi-square values indicate the probability of an 

interaction between tested variables occurring due to chance alone.
A 0.01 probability level was chosen as the critical level of signifi
cance for Pearson’s Chi-square tests on two-way, computer-generated 
tables. This critical level was lowered to 0.05 in Likelihood Ratio 
Chi-square tests for three-way interactions, the highest level tested.

The values listed in Table 8 are the differences between ob

served and expected counts for each cell of the tables. A negative
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Table 8, Differences between observed and expected numbers of 
individuals as characterized by factors and ratings; 
and computed Chi-square probabilities for tests of 
association-

Overall
Performance
Rating Zero

■ - - - Fertilizer Rate - - 
Less than 
Recommended

More than 
Recommended

Poor
Fair
Good
Excellent

5.35
0.42
-2.48
-3.29

-1.97
4.13
0.77

-2.94
Chi-square Probability

-3.39
-4.55
1.71
6.23

= 0.0011z

Overall
Performance
Rating Zero

• - Fertilization Frequency 
Once Twice

Poor
Fair
Good
Excellent

5.54
1.15
-3.15
-3.54

-1.87
-1.49
-0.85
4.21

Chi-square Probability :

-3.67
0.33
4.00
-0.67

= 0.0058

Curly
Top
Rating

Less than 
18 Inches

- -Within-Row Spacing - - 
18 to 24 
Inches

More than 
24 Inches

0 Plants
1 Plants
2 Plants
3 Plants

-6.13
4.26
1.96

-0.09

9.22
-5.43
-3.26
-0.52

-3.09 
—1.17 
1.30 
0.61

Chi-square Probability.= 0.0002



Table 8» —  Continued

Foliage 
Cover 
Rating . Zero

- - - - Fertilizer Rate - - 
Less than 
Recommended

More than 
Recommended

Very poor 
Poor 
Fair 
Good
Very good

1.32
2.47
0.30
-3.98
-0.11

-0.79
1.28
6.02
0.19
4.13

Chi-square Probability

-0.53
-1.19
-6.32
3.79
4.25

=_0.0108

Foliage
Cover

\
- - Fertilization Frequency

Rating Zero Once Twice
Very poor 1.43 -1.42 —0.02
Poor 3.22 -0.55 -3.77
Fair 1.01 -7.48 6.47
Good —4.86 4.35 0.50
Very good -0.80 3.99 -3.19

Chi-square Probability = 0.0025

Foliage
Cover
Rating

Less than 
18 Inches

- - Within-Row Spacing - - 
18 to 24 
Inches

More than 
24 Inches

Very poor 
Poor 
Fair 
Good
Very good

1.46
1.66
0.57
-1.89
-1.71

-1.11
1.99
4.29
2.40

-7.56
Chi-square Probability =

-0.35 
-3.56 
—4.86 
-0.51 
9.27

0.0032

Blossom
Set
Failure Furrow

- — - Irrigation Type - - - 
Sprinkler Drip

0 plants -12.25 6.22 6.22
1 plant 3.50 -1.75 -1.75
2 plants 1.75 —0.88 —0.88
3 plants 7.00 —3.50 -3.50

Chi-square Probability = 0.0004
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Table 8, —  Continued

Blossom
Set
Failure Staked

- - - Support - - - 
Caged Ground

0 plants -1.96 -0.25 1.71
1 plant 2.42 -2.50 0.08
2 plants 0.71 -1.75 1.04
3 plants -1.17 4.00 -2.83

Chi-square Probability = 0.0024

Sun
Scalded
Fruit Furrow

- — - Irrigation Type - - - 
Sprinkler Drip

0 plants
1 plant
2 plants
3 plants

5.50
-4.25
-3.00
1.75

-2.75
3.22
0.50
-0.88

Chi-square Probability =

-2.75 
1.22 
2.50 
—0.88

0.0108

Fruit
Cracking Furrow

- - - Irrigation Type - - - 
Sprinkler Drip

0 plants
1 plant
2 plants
3 plants

4.25
-1.25
2.75

-0.25

0.37
0.22
-1.13
0.62

Chi-square Probability =

-4.63
1.22
3.87

—0.38
0.0033

Blotchy
Fruit
Ripening Furrow

- - - Irrigation Type - - - 
Sprinkler Drip

0 plants 4.5 -0,25 -4.25
1 plant -3.0 1.00 2.00
2 plants -0.25 -0.38 0.62
3 plants -1.25 -0.38 1.62

Chi-square Probability = 0.0080

Z Value indicates probability of factor and rating being relbted due 
to chance alone»
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AVERAGE
OVERALL
RATING

Very
Good

Good

Fair

Poor

Very
Poor

>24"
spacing

18 to 24 
spacing

TwiceOnceNone
FERTILIZATION FREQUENCY

Figure 1. Overall plant appearance rating as affected by fertilization 
frequency and within-row spacing. —  Likelihood ratio Chi- 
square probability = 0.0307.
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value indicates an interaction that occurred less frequently than 
expected by chance alone, and a positive value an interaction that 
occurred more frequently.

Interactions were detected between fertilizer rates and both 
overall performance and foliage-cover ratings. Both ratings improved 
as the level of fertilizer applied increased. The effect of adequate 
to high fertilizer nitrogen rates stimulating vegetative growth can well 
explain a better foliage canopy. Plants that were not lacking needed 
plant nutrients probably looked well and yielded well leading to good 
performance ratings.

Frequency of fertilization was likewise shown to be related to 
overall and foliage cover ratings. In both cases, ratings improved 
where fertilizer was applied than where it was not. Flo significant 

improvement in ratings was evident by splitting the fertilizer applica
tion over applying it once. The soil store of nutrients was apparently 
adequate to supply plants through the growing season.

An association was indicated between within-row spacings and 
both foliage cover ratings and curly top incidence. Wider spacings 
resulted in improved foliage cover ratings. Most likely this can be 
attributed to less competition for both fertilizer nutrients and space 

for plant canopy development.
Fewer plants were rated as curly top infected at the recommended 

18 to 24 inch within-row spacing than at either wider or narrower spac
ings. It has been noted that young plants are more severely affected
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by the disease9 and maintaining a good rate of growth is helpful 
(Bennett, 1971, p. 56), Competition of plants at the narrower spacing
could well set back their growth when compared to wider spaced plants,
leading to a more severe infection. Widely spacing plants may not form 
the shaded, humid canopy that those grown at recommended spacings do, 
leading to a more severe infection. Both shade and humidity in the 
canopy have known unfavorable effects on the beet leafhopper, the vector 
of curly top (Bennett, 1971, p. 56).

Analysis showed an association between both irrigation and plant 
support types and the failure of blossoms to set. More blossom set was 
reported with sprinkler and drip irrigation, and less set with furrow. 
Greater attentiveness to the water needs of plants in drip and sprinkler 
irrigated plots may have prevented blossom drop by providing a steady

supply of water for evapotranspirational cooling. The lowered temperature
and raised humidity levels created by irrigation are known to prevent 
blossom drop (Ware and McCollum, 1975, pp. 472-473).

Tomato blossoms fail to set fruit at high temperatures, espe
cially high night temperatures (Schaible, 1962; Went, 1944, 1957).
Plant growth within the evaporatively cooled ground level microclimate 
can be significantly cooler than a plant canopy supported several feet 
above the ground. This cooler temperature is thought to have contribu
ted to the tendency of unsupported plants to set more fruit than sup

ported ones.
Relationships were also indicated between the type of irrigation 

and the amount of sun-scalded, cracked, and blotchy ripened fruit.
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Howeverj data trends were less clear for. these factors than those pre
viously discussed9 and no conclusions could be drawn.

One three-way interaction was detected in the data9 as graphed 
in Figure 1. Overall performance ratings declined with increasing 
frequency of fertilization at narrow spacings, and increased with in
creasing fertilization frequency at wider spacings.

It is thought that more frequent fertilization at narrow spac
ings promoted more vegetative growth in plants whose canopies were 
already grown together. This growth resulted in no net increase in 
exposed photosynthetic area due to competitive shading? and only in
creased the amount of plant tissue using manufactured photosynthates 
at the expense of fruit set. Widely spaced plantss however9 were 
induced to fill out and increase photosynthetic area which could support 
a higher set of fruit. Note that these conclusions are based on limited 
data9 as all possible factor combinations were not used by every co- 
operator.

The questionnaire also gathered personal demographic data.
Eleven male and thirteen female cooperators participated. Ages ranged 

from 17 to 77.with the median being 49 years. Three cooperators were 
under 305 fourteen between 31 and 619 six over 625 and one failed to 
report his age. Twelve cooperators had completed some college training 
while twelve had been educated at the high-school level or under.

Additional data was gathered on four topics concerning gardening 

preferences 9 habits5 and experience. The average number of tomato plants
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set out in cooperatorsv gardens every year ranged from 4 to 200. The 
mean was 36, median 22.5, and mode 6.

Seventeen gardeners agreed with the statement, "small fruited 
tomatoes always yield better overall." Two disagreed, and five had no 
opinion.

Eight gardeners had only 1 to 2 years of gardening experience 
in Arizona. Two had 3 to 4, and fourteen had 5 or more years experience.



CHAPTER 5

SUMMARY3 CONCLUSIONS 3 AND RECOMMENDATIONS

This study developed and tested a demonstration questionnaire 
program for use in agricultural extension work. The goal was to 
minimize the time extension workers spend in conducting demonstrations 
by maximizing cooperator efficiency and effectiveness. A series of 
home garden trials of curly top disease resistance and non-resistance 

tomato cultivars was selected for testing the idea. A separate trial 
of the same tomato cultivars conducted at the University of Arizona 
Campbell Avenue Farm in Tucson provided data for comparisons.

Summary .
The home garden cooperator and Tucson trials showed the follow

ing results:
1. Cooperative trial yields were higher at elevations over 3000 

feet. High temperature effects on tomato fruit set were the 
assumed causes of the decreased yields in lower desert areas.

2. Cultivar yields were significantly different in statewide 
cooperative trials. 1Saladmasterv 9 * Columbia*, *08-393*5 and 
’Pacesetter 511’ gave the highest yields. * Improved Pearson* 
ranked in the second level of yields although it was not sig

nificantly different from the top group. ’Walter Villemaire’ 
consistently was ranked last.

50



The Tucson Campbell Avenue Farm trial showed similar cultivar 
yield rank results except 1GS-393v was shown to be significantly 
different from the top group and statistically the same as 
1Improved Pearson’» 1Improved Pearson’ was9 however, not sig
nificantly different from the lowest-yielding ’Walter Villemaire’ 
cultivar. Inability to perform under high temperature condi
tions was believed to be the reason for the loss in yield of the 
’GS-393’ cultivar.
Cooperator yields were higher when fertilizer was applied, but 
splitting the fertilizer application made no difference. The 
reason was evidently good soil retention of nutrients through 
the growing season. Both overall performance and foliage cover 
ratings were improved with applied fertilizer, and again a split 
application made no difference.
Yields for the fertilizer rate categories studied were not 
significantly different based on rates, probably because the 
data was characterized by continuous rather than incremental 
rate differences. Higher rates did result in improved overall 
performance and foliage cover ratings, due to the effects of a 

good supply of plant nutrients.
Gardens shaded for more than three hours per day yielded less 

than unshaded ones.
Cooperators who used drip or sprinkler irrigation obtained 
higher yields than those using furrow. The replicated Tucson
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trial showed no significant differences between drip and furrow 
plots. Higher cooperator yields were believed to be due to a 
greater amount of attention paid to the water needs of plants 
by drip and sprinkler growers, Blossom set was also higher for 
these growers 3 probably for the same reason,

8, Yields were higher for cooperators who supported their plants.
Rot of fruit on unsupported plants was believed to be the reason. 
Blossom set was reported as being higher, however, for unsup
ported plants. The cooler temperatures found near the ground 
were believed responsible.

9. Wider within-row spacings resulted in more yield, probably due
to less competition between plants. Narrower withih-row spacings 
produced more cull fruit, and wider spacings improved foliage 
cover ratings, again due to competitive effects.

10. Incidence of curly top disease was less at recommended 18 to 24 
inch spacings and greater at narrower and wider spacings. The 
younger plants set back due to competition at narrow spacings 
were more susceptible to disease. Plants grown at wider spacings 
didn’t form the plant canopy that plants grown at recommended 
spacings did. A shaded humid plant canopy is unattractive to 
the leafhopper vector of curly top. The less dense canopies of 
wider-spaced plants would be more attractive to this carrier, 
which would explain the greater disease incidence. Overall curly 
top disease incidence was low statewide in 1980, and no difference
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in cultivar susceptibility was detected. It should be noted, 
however, that cultivars with described curly top resistance 
placed at the top in yield comparisons.

11. One three-way factor interaction was detected. As fertilizer 
frequency increased, overall performance ratings declined at 
narrow within-row spacings and increased at wider spacings.
This was due to vegetative competition and shading at narrow 
spacings, and increased growth and greater photosynthetic area 
to support fruit production at wider spacings.

12o Personal data showed an approximately even number of male to 
female cooperators, as well as college educated ones to those 
educated at or below the high school level. Cooperators ages 
ranged from 17 to 77 years, with the median being 49 years.

13. Questionnaire responses showed fourteen cooperators had 5 or 
more years of gardening experience in Arizona, two had 3 to 4 
years, and eight only 1 to 2 years experience.

The average number of tomato plants grown every year in coopera
tor’s gardens ranged from 4 to 200, with the mode being 6. Seventy-one 
percent of gardeners agreed that "small fruited tomatoes always yield 
better overall." Twenty-one percent disagreed, and eight percent had 

no opinion.

Conclusions
The five specific objectives for evaluating this study set forth 

in the introduction are discussed. Objective 1, an evaluation of the
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feasibility and usefulness of a demonstration-questionnaire program, 
will be addressed last.

Objective 2 was to judge receptivity of extension agents and 
home garden cooperators to a demonstration-questionnaire program. Both 
oral and written communications received from county agents were posi
tive. Several suggestions for program improvement were received from 
agents. These included improving timeliness and methods of shipping 
plants to counties, adding a recommendation for cooperators to use a 
soluble starter fertilizer solution at transplanting, and improving the 
printed questionnaire booklet description of fruit grades for cooperators.

Home gardeners likewise received the program well. Cooperators? 
complaints in visits to three participating counties centered around 
unfavorable growing conditions, such as weed and grasshopper invasion, 
rather than dissatisfaction with the program itself. Written comments 
on returned questionnaires were also largely positive.

The program was planned to utilize a minimum of county agents' 
time. The goal was to maximize what cooperators could do for themselves 
with the help of written instructions. In evaluating pre-program esti
mates, objective 3, the majority of trial time input was made by garden 
cooperators. A post-trial survey of county agents revealed a time 
savings of 50 percent in this first test of the demonstration-question

naire concept.
Time spent harvesting and tediously grading fruit, as well as 

making plant ratings, was thought to be the major factor that could
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cause cooperator dissatisfaction. That these tasks were carried through5 
and 20 out of 24, or 83% of respondents answered positively to cooperat
ing in another such trial, shows a high degree of satisfaction with the 
program. Efficiency in the organization of the program in general, and 
the questionnaire in particular, is thought to be responsible.

It should be noted that of the four negative replies to repeat 
participation, three were for time reasons. One of the respondents who 
answered positively didn’t separate fruit counts by grades, as asked, 
claiming lack of time as the reason. Both oral and written comments 
indicated that time requirement estimates made in planning the program 
compared closely to what cooperators needed.

Questions requiring extensive data gathering or otherwise 
involving much time to complete were not skipped, and were answered 
fully. The author concludes the response to Objective 4 must be that 
cooperators can be asked to perform time consuming tasks. If such tasks 
are asked to be performed, however, a well organized and easy to 
understand set of instructions for recording are especially important.

Objective 5 was to examine cooperator willingness to complete 
and submit a questionnaire after several months elapsed time. Returned 
questionnaires were 99 percent complete. For example, one person failed 
to answer the personal demographic questions but completed the remainder 

of the questionnaire. Three failed to report overall ratings. The 
author feels that the four month period between distribution of plants 
and questionnaires and return of results had an effect, not on
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completeness, but on numbers of questionnaires returned. The return 
rate was 50 percent.

Based on cooperator and agent satisfaction, as well as the 

quality of results when compared to the replicated Tucson trial, Objec
tive 1 must be answered affirmatively. This is a feasible and useful 
program for agricultural extension work. The program did succeed in 
its goal of cutting agent time spent in conducting demonstration trials 
by substantially increasing the effectiveness of cooperators in growing 
trials and reporting results. Agents surveyed estimated a 50 percent 
time savings in comparing the program with traditional agent directed 

demonstrations.
This study has determined that cooperator conducted trials can 

yield results that are of sufficient worth to be analyzed and absorbed 
into agricultural literature. Significant results were gathered that 
could not have been obtained by conducting trials on one, or even 

several, university experiment stations.
The trial revealed several problems with the development and 

application of university recommendations. However placing responsi
bility for trials with cooperators, part of the audience for which recom- 
dations are made, can yield information that will lead to more useful 
university recommendations and more effective ways to deliver them.

Recommendations
Based upon the findings of this study and the author’s experi

ence, the following recommendations are made:



57
lo This„ study should be repeated another year with the same garden

crop for test. The agent suggestions for improvement discussed 
in the conclusions section deserve attention for incorporation 
into such a test. Additional questions concerning cooperator 
insect and weed incidence would provide information helpful in 
interpreting results.

2. The demonstration-questionnaire concept of the study should be 
further refined and adapted to other aspects of extension 
demonstration work. The choice of a non-horticultural crop or 
even a project in a non-crop area to be so managed would test the 
concept for wide applicability.

3. The trial program should be modified to have all or part of the 
questionnaire reach cooperators near the end of the growing 
season. This will renew and refresh the trial in cooperators’ 
minds as the time to return results approaches.

4. The program should adopt the use of follow-up post card reminders 
to try to realize a greater percentage of return.

5. More trials would be of benefit. In combination with post card 
reminders, they will provide a larger number of samples for 

analysis.
6. The results of this trial of the demonstration-questionnaire

concept should be disseminated to extension educators throughout
(the United States.
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UNIVERSITY OF ARIZONA .
T U C S O N ,  A R I Z O N A  8 5 7 2 1  May 2, 1980

Dear County Agent:

We have put our best efforts into making this year's cooperative 
vegetable tests well organized. When you look through the information 
packet each home garden cooperator is to receive, we hope you agree.

The packet contains five items: a cover letter, planting guide,
harvest record sheet, question booklet, and a preaddressed penalty 
envelope for return of information. You will, of course, want to 
become familiar with each of these for fielding questions from coopera
tors .

Each cooperator is to be given a specific set of tagged plants 
and a corresponding numbered packet. The first number on a coded plant 
tag is the plant number. Each cooperator should receive plants numbered 
1 through 18, plus three labeled 'Sweet 100'. Check to be sure. The
other parts of the plant tag code are a number for each county (as num
bered in question A of the question booklet), and a letter code to identi
fy individual cooperators. Assign a letter to each of your cooperators 
and make a list of their assignment plus their name and address for ref
erence. We need to have a copy of your assignment list too. Then when
a cooperator mails back his booklet, we can quickly identify it and 
check it off our master list. By keeping a running list of returns, we 
won't need to send a follow up reminder inquiring about already returned 
trial information. Note the date for return of information from your 
county on the front of the question booklet.

Remember once again that a matching set of plants and information 
packet needs to get to each cooperator to make it all work. Please double 
check all assignments. When we have returned information from all coun
ties, the results will be analyzed and summaries returned to you for 
distribution to your cooperators. If this system works as envisioned, 
we should gather some outstanding information from our county cultivar 
tests this year.

In addition to the county tests, Carl is running a trial of the same 
tomato cultivate at the Campbell Avenue Farm in Tucson. This trial 
has the same cultivar entries grown under two fertilizer treatments (100
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Page Two 
May 2, 1980

and 200 pounds actual N per Acre) and two irrigation methods (drip 
and furrow). The results will provide data for an M.S. thesis and will 
also be brought to your attention.

Your comments on this whole effort both during and after comple
tion will certainly be welcomed. We hope that these testing techniques 
will give results that are of enough value as to merit publication of 
the techniques for extension workers nationally.

Your cooperation in the program will make it happen.

Thanks for your best efforts.

Sincerely,

{Li'n
Paul M. Bessey,
Extension Specialist, Horticulture

in cooperation with:

Carl Wilson

PMBijlt

\
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UNIVERSITY OF ARIZONA
T U C S O N ,  A R I Z O N A  8 5 7 2 1 May, 1980

1980 Arizona Tomato Cultivar Test

Dear Homegardener:

Arizona conditions many times are not favorable for growing tomatoes 
Our high temperatures can prevent fruit set of blossoms and curly top 
disease stunt or kill plants. Growing good quality fruit is more often 
than not a challenge. The promise of several new cultivars may make home 
tomato gardening less demanding for Arizonans. Your home garden test of 
six cultivars this summer will help us find out.

You have been given three plants of each of the six cultivars, or 
18 plants for test. As a bonus, 3 plants of ’Sweet 100’ are included 
for you to plant as you choose. This is a new small cherry type tomato 
which appears to be able to set fruit at high temperatures. The small 
fruit, however, cannot be easily compared with the others. For this 
reason, we will not ask you any questions about it. Separate the three 
plants tagged ’Sweet 100’ before planting so you don’t mix them into 
the plants for test.

Below you will see a list of the plant numbers for test found on 
the tags of your plants and their cultivar names.

This is the only place in your packet you will find the cultivar 
names listed. On all other sheets, a plant of a certain cultivar is 
referred to only by the number on the plant’s tag. The reason is to avoid 
favoring one over another because you may like the name or have grown the 
cultivar before and think it’s good. We urge you not to label cultivar 
names in your garden, and use only the numbers on the plant tags when 
answering questions.

| Plant Numbers] Cultivars

1, 2, 3 
4, 5, 6
7, 8, 9 J 
10, 11, 12 
13, 14, 15 
16, 17, 18

’Saladmaster' 
’Columbia1 
*GS -393' 
’Pacesetter 511’ 
’Walter Villemaire' 
’Improved Pearson1



All plants are individually tagged. The circled number before the 
dash is the plant number. The following number is the county code num
ber, and the letter is the trial. Your county code and trial letter 
have been placed on the upper right hand corner of the front page of your 
question booklet. This was done so we can locate your name for future 
correspondence. Note that you will need to read the plant numbers quite 
often in keeping track of your plants. It is for this reason that we have 
made them stand out by drawing a circle around them.

This packet contains a planting guide sheet, a harvest record sheet, 
and a question booklet. First read over the planting guide, then plant 
your garden and answer questions A-F in the booklet. The remaining 
questions will be answered at time of final harvest. Harvest all ripe 
fruit in time to return your results by the date shown on the front of 
your question booklet. An addressed envelope with pre-paid postage is 
provided for this use. In the meantime, you can keep track of the number 
of fruit you harvest from each plant on the harvest record sheet.

The results of this test combined with others in Arizona will be of 
help when other gardeners ask for cultivar recommendations. You will 
receive a copy of the statewide results. These will be forwarded through 
your county agent.

Either your county agent or we at the Tucson campus would be most 
happy to answer any questions you might have. You can reach us in 
Tucson by letter or by calling (602) 626-5586.

Thanks for your assistance.

Sincerely,

Paul M. Bessey, Ph.D.
Extension Vegetable Specialist

in cooperation with:

Carl Wilson 
Project Coordinator
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PLANTING GUIDE 

1980 ARIZONA TOMATO CULTTVAR TEST 

UNIVERSITY OF ARIZONA 

COOPERATIVE EXTENSION SERVICE

Prepare your garden well. A loose, fertile, level, well drained 
soil is best. An application of organic matter can loosen hard soils 
considerably. Adding 1 to 2 pounds of 16-20-0 (ammonium phosphate) 
per 100 square feet (an area 10 feet x 10 feet) before planting will 
benefit the crop. Mix fertilizer in well before planting. Also be 
sure to fertilize all plants in the same way. If they are not fertilized 
alike, differences may develop which would make your test too different 
to compare with others.

This is also true for whatever you do in growing your plants all 
season long. Whatever you do to one, do to all the rest too. This 
includes weeding, watering, and even harvesting.

Mark holes in straight rows for planting. Allow 18-24 inches 
between plants and 30-36 inches between rows. Plant the numbered plants 
in any order down the row. Every test should have plants set out in a 
different order. For example, plant 9 in your test could just as well 
follow plant 1 as plant 2 could. The best way to plant is to pick any 
plant at random and transplant it.

Transplanting results are better when done on cloudy days or in the 
evenings. Set the plants in as deep as possible as tomatoes will root 
along the stem. The deep root system developed by planting deep will 
serve the plant well in the hot summer. Water immediately after planting: 
It may also be well to protect plants for a few days from heat, wind, or 
cold.

Controlling weeds, especially when plants are young can make the dif
ference between success and failure. Don't let weeds get ahead of you.

We recommend letting plants run on the ground and not pruning them. 
Moisture in the soil creates a cooler area around plants growing closer 
to the ground. This cooler area or 'microclimate' may make the difference
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between setting fruit and not setting fruit in hot weather. The shade
also keeps root cool. Throwing extra soil up around the base of plants
when they are well established will also keep plants cool. These steps 
are most important for gardeners at low elevations with very high summer 
temperatures.

Irrigate regularly as needed, be prepared for pests and problems,
and harvest fruits vine ripe for best quality. Enjoy them.
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HARVEST RECORD SHEET 

1960 ARIZONA TOMATO CULTIVAR TEST 

UNIVERSITY OF ARIZONA 

COOPERATIVE EXTENSION SERVICE n\ v

Your harvest of tomato fruit should be divided into three types or 
'grades'. These are number I's (NO. 1), number 2*8 (NO. 2), and 
CULLS.

GRADE
NO. Is These are fruits without major defects that are of good size.

NO. 2: These are fruits with few defects or those that are on the small 
side.

CULLS: These fruit are very small, under or overripe, or badly defective
or diseased.

Mark the number of fruits you harvest in each grade below, 

jPlant NumberJ ^Grades] |

1 NO. 1

NO. 2

Write in numbers as you harvest

CULLS

2 NO. 1

NO. 2

CULLS

3 NO. 1

NO. 2

CULLS

4 NO. 1

NO. 2

CULLS



Harvest Record Sheet Continued.

|Plant NumberJ | Grades| j Write In numbers as you harvest j

5 NO. 1

NO. 2

CULLS

6 NO. 1

NO. 2

CULLS

7 NO. 1

NO. 2

CULLS

8 NO. 1

NO. 2

CULLS

9 NO. 1

NO. 2

CULLS

10 NO. 1

NO. 2

CULLS

11 NO. 1 

NO. 2

CULLS



Harvest Record Sheet Continued.

|Plant Number| 

12
| Grades\ | 

NO. 1

Write in numbers as you harvest.

NO. 2
CULLS

13 NO. 1
NO. 2
CULLS

14 NO. 1
NO. 2
CULLS

15 NO. 1
NO. 2
CULLS

16 NO. 1
NO. 2 

, CULLS

17 NO. 1
NO. 2 
CULLS

18 NO. 1 
NO. 2
CULLS
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1980 TEST OF TOMATO CULTIVARS GROWN 

BY ARIZONA HOME GARDENERS 

* QUESTION BOOKLET *

Cultivars, short for 'cultivated 
varieties', are plant varieties 
that man creates and maintains 
through cultivation. Several 
new cultivars of tomatoes now 
on the market may be suited 
for use in Arizona. Your home 
garden test and honest answers 
to this survey will help us 
find out. Arizona gardeners 
can then be more sure of 
the best cultivars to plant 
because our advise is 
based on garden tests like 
yours from across the state.

Please answer all of the 
questions. If you wish 
to comment on any questions, 
please feel free to use the 
space in the margins. It 
would also be fine to write 
them on a separate sheet 
of paper.

Thanks for your help.

Return this survey by I?80 to:

Department of Plant Sciences 
437 Agriculture Building 
University of Arizona 
Tucson, Arizona 85721



QUESTION BOOKLET

NOTE: Am>iveA questions A-F a t planting. Tfie h£At can be an&vzcAcjd
a t the, tune oh the ia&t ha/Lvest.

Statewide testing of tomatoes in Arizona means planting at many different 
elevations and temperatures. Tomato blossoms tend not to set fruit well 
at temperatures ouch over 90 . This means gardeners at low elevations 
may notice a period in mid-summer when fruit fails to set. Knowing your 
location will help us compare your results with those of gardeners from 
similar elevations.

A. Please indicate the county where your garden is located. (Circle 
number of your answer)

f My county is j

1 YUMA ■

2 PIMA

3 SANTA CRUZ

A COCHISE

5 MARICOPA

6 PINAL

7 GRAHAM

8 GREENLEE

9 GILA

10 MOHAVE

11 YAVAPAI

12 COCONINO

13 NAVAJO

14 APACHE

B. To find your location more exactly, please write the name of your 
town below (Or the town nearest you).

MY TOWN



C. To help us learn more about what happens in your garden and to help 
you keep records, indicate in the space below which plant numbers 
you planted beside one another. Remember the plant number is the 
first number on the tag and is circled. There are 18 plants in all

(EXAMPLE: One test garden may have been planted like this)

1 9 3 15 5 11

7 8 17 12 2 10

4 14 6 16 13 18

We hope your garden is planted differently than everyone else's.

How did you plant your garden? (Place numbers of plants in the 
order you planted them).

D. On what date did you transplant your plants to the garden?

DATE OF TRANSPLANTING __________________________

The next questions deals with how closely you have planted your tomatoes. 
Different spacings can affect plant growth depending on how severely 
one plant competes with another. Indicate how you have spaced your plants

E-l. How much space (in inches) have you left between plants in the 
same row?

SPACE WITHIN THE ROW  _____________ INCHES

E-2. What is the spacing (in inches) between rows of plants?

SPACE BETWEEN ROWS __________  INCHES



F. Did you fertilize your garden before planting? (Circle number 
of your answer).

  1 YES

2 NO -9

F-l (If you answered yes)

What kind of fertilizer did you use? Give the three numbers or 
•analysis1 found on the container.

(EXAMPLE: 16-20-0)

MY FERTILIZER ANALYSIS IS . ____________

F-2 How much fertilizer did you apply? (Estimate the total weight 
of fertilizer applied to your entire tomato test plot)

AMOUNT OF FERTILIZER APPLIED____________________ POUNDS.

F-3 Was the fertilizer applied evenly over the whole tomato test 
plant area ? (Circle answer)

1 YES

2 NO

NOTE: The. fio&tatting queJ>£tcn& should be g/wweted cut the toi&t hoJvoeJbt
beiofie de&&ioying plant*. Until then, plexue keep thaek otf youA 
ylelcU on the handy ka/iveAt necond iheet. Stone tht* booklet In 
a place ivheAe It can be £ound exully latex.

(If no, skip to NOTE below.



k t  loj>£ hcviveAt, we &ugg&&£ you cowiy £ki& bookZet and you/i kasiv&bt 
titaofid 6hc.e£ to  yoiui gaAden to  aniwoji question* G-0.

G. Good foliage cover is important for preventing sunburn of fruit. 
Rate each plant for the amount of leaf cover present.

| Plant Number | Jleaf Cover Rating (Circle your answer)

1 VERY POOR POOR FAIR GOOD VERY GOOD

2 VERY POOR POOR FAIR GOOD VERY GOOD

3 VERY POOR POOR FAIR GOOD VERY GOOD

4 VERY POOR POOR FAIR GOOD VERY GOOD

5 VERY POOR . POOR FAIR GOOD VERY GOOD

6 VERY POOR POOR FAIR GOOD VERY GOOD

7 VERY POOR POOR FAIR GOOD VERY GOOD

8 VERY POOR POOR FAIR GOOD VERY GOOD

9 VERY POOR POOR FAIR GOOD VERY GOOD

10 VERY POOR POOR FAIR GOOD VERY GOOD

11 VERY POOR POOR FAIR GOOD VERY GOOD

12 VERY POOR POOR FAIR GOOD VERY GOOD

13 VERY POOR POOR FAIR GOOD VERY GOOD

14 VERY POOR POOR FAIR GOOD VERY GOOD

15 VERY POOR POOR FAIR GOOD VERY GOOD

16 VERY POOR POOOR FAIR GOOD VERY GOOD

17 VERY POOR POOR FAIR GOOD VERY GOOD

18 VERY POOR POOR FAIR GOOD VERY GOOD



From your harvest record sheet, record the number of fruit harvested 
from each plant below.

|Plant Number| 

1

2

3

4

5

6

7

8 

9

10

11

12

| Number Harvested

NO. 1____________
NO. 2____________
CULLS _______

NO. 1___________
NO. 2___________
CULLS _______

NO. 1___________
NO. 2___________
CULLS .

NO. 1___________
NO. 2___________
CULLS  ____

NO. 1___________
NO. 2___________
CULLS _______

NO. 1 _______
NO. 2___________
CULLS ______

NO. 1 ______
NO. 2__________
CULLS ______

NO. 1__________
NO. 2___________
CULLS ;______

NO. 1__________
NO. 2__________
CULLS ______

NO. 1__________
NO. 2__________
CULLS ______

NO. 1__________
NO. 2__________
CULLS ______

NO. 1 ______
NO. 2 _____
CULLS _____



| Plant Number J J Number Harvested |

13 NO. 1 
NO. 2 
CULLS

14 NO. 1
NO. 2 
CULLS

15 NO. 1
NO. 2 
CULLS

16 NO. 1
NO. 2 
CULLS

17 NO. 1
NO. 2 
CULLS

18 NO. 1
NO. 2 
CULLS

Pleo&e. consume, on to question I .



78

Different tomato cultivars show common tomato problems to varying degrees. 
Some common problems are:

Sunburn - yellow or whitish areas appearing on fruit where it was 
exposed to the sun. Host common on plants having poor 
foliage cover.

Cracking - growth cracks on fruit

Blotchy ripening - fruit that develops uneven color

Blossom end rot - appears as a dark brown leathery rot on the bottom 
end of the fruit, (end opposite from the stem).

I. Did you notice any of these problems on plants in your test?

| Problem j | Circle the plant number if you observed a problem

Sunburn 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Cracking 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Blotchy
ripening

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Blossom end 
rot

1 2 3 4 5 6 7 8 9 iot 11 12 13 14 15 16 17 18

Many times the most severe disease in Arizona is curly top. It is caused 
by a microscopic organism transferred to the plant by an insect leaf- 
hopper. Plants with the disease become stunted, the foliage turns yellow 
and gradually brown as they die. Any fruit that is set usually sunburns 
from lack of leaf cover.

J. Which plants in your garden show curly top synptoms?

(Circle the plant number if it appears the plant has curly top disease)

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18



K. Was any more fertilizer applied to your plants during the season?

. 1 YES

2 NO-a (if no, skip to question L)

V
K-l What kind of fertilizer did you use? Give the three-numbers 

or •analysis' found on the container?

(EXAMPLE: 16-20-0)

MY FERTILIZER 'ANALYSIS' IS __________________

K-2 H o w much fertilizer did you apply? (Estimate the total weight 
of fertilizer applied to your entire tomato test plot)

AMOUNT OF FERTILIZER APPLIED ________________ POUNDS

L. Did you stake, cage, or simply let your plants run on the ground? 
(Circle number of your answer)

1 STAKED

2 CAGED

3 LEFT ON THE GROUND

M. What type of irrigation did you use on your plants? (Circle number)

1 FURROW (DITCHES)

2 SPRINKLER (OVERHEAD)

3 DRIP (TRICKLE)

4 SPRINKLING CAN

5 OTHER .... ...................... .....
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N. Many times during a very hot period in the summer, tomato flowers donft 
set fruit. Did you notice such a period on any of your test plants?

r YES

2 N0*0 (If no, skip to question 0)

N-l Indicate which plant numbers failed to set if you can recall them. 
If not, skip to question 0. (Circle numbers)

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

Vegetable gardens demand sun for good growth.

0. Did the tomatoes in your garden this year receive more than 3 hours 
of shade a day? (Circle number of answer)

1 YES

2 NO

The. AwcUrUttg qu&dtions can be, cuu>iveAed indoou .

P. What tomato cultivars did you grow the last time you grew tomatoes 
in the garden?

LIST CULTIVAR(S) GROWN ____________ ______________

Q. In what ways do you use tomatoes in your home? (Circle the numbers of 
your answers).

1 CANNED WHOLE OR SLICED

2 CANNED SAUCE

3 CANNED RELISH

4 FRESH SLICED ALONE

5 FRESH IN SALADS

6 OTHER USES (NAME USE) _______ :___________________
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R. Which of the above listed uses of tomatoes is most important to you? 
(Put number of item in appropriate box)

| | MOST IMPORTANT

I | SECOND MOST IMPORTANT

| | THIRD MOST IMPORTANT

S. How many tomato plants do you have in your garden (average) in a growing 
season?

NUMBER OF PLANTS __________________

T. Before this year, would you have agreed or disagreed with the following 
statement?

"Small fruited tomatoes always yield better overall”

(Circle number of your answer)

1 AGREE

2 DISAGREE

3 NO OPINION

U. How would you rate the overall performance of the six cultivars of 
plants in your home garden?

| Test group | j Overall rating (Circle answer) |

1, 2, 3 POOR FAIR GOOD EXCELLENT

4 , 5 , 6 POOR FAIR GOOD EXCELLENT

CO POOR FAIR GOOD EXCELLENT

10, 11, 12 POOR FAIR GOOD EXCELLENT

13, 14, 15 POOR FAIR GOOD EXCELLENT

16, 17, 18 POOR FAIR GOOD EXCELLENT
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V. How many years have you grown tomatoes in your garden in Arizona? 
(Circle number)

1 ONE - T W O

2 THREE - FOUR

3 FIVE OR MORE

finally,, m  iwuld like  to a&k 4>ome. queJ>tiovu> about youx&eli to help 
inteApiel the. Ke/>uJttt>.

W. Your sex (circle number of your answer)

1 MALE

2 FEMALE

X. Your present age: '________________Years

Y. Which is the highest level of education that you have completed? 
(circle number)

1 NO FORMAL EDUCATION

2 GRADE SCHOOL

3 HIGH SCHOOL

4 COLLEGE (Specify major) __________________ ^

5 GRADUATE DEGREE (Specify major)

Would you be interested in cooperating ±a a test of another vegetable 
next year? (Circle answer)

r 1 YES
2 no - | End of questions. Thank you. |

Z-l (If you answered yes)

What vegetables would you like to see tested?
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Ute thii Space HoteJ> and Comenti



Is there anything else you would like to tell us about your 
experiences with growing the tomato plants supplied to you? If 
so, please use this space for that purpose.

Also, any comments you wish to make that you think may help 
us in future efforts to run tests of vegetable cultivars will be 
appreciated, either here or in a separate letter.

Your contribution to this effort is very greatly appreciated.
We will be sure to make a summary of results available to you through 
your county extension agent’s office.
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T H E  U N I V E R S I T Y  OF  A R I Z O N A  TUCSON, ARIZONA 85721
C O L L E G E  O F  A G R I C U L T U R E  
DEPARTMENT OF PLANT SCIENCES 

BUILDING *36

university business only

Dr. Paul M. Bessey 
Plant Sciences Dept. 
University of Arizona 
Tucson, AZ 85721
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^  -EXT-&KJSIOM GGPVICG

UNIVERSITY OF ARIZONA
T U C S O N ,  A R I Z O N A  8 5 7 2 1

1980 Arizona Tomato Cultivar Test

Dear County Agent:

By this time test tomatoes in cooperator’s gardens should be 
well established. Hopes are that we can get the chance to visit 
several test gardens in the next month.

Some of you have already sent us a copy of cooperator’s names 
addresses, and assignment letters. Thanks. We ask that those who 
haven't mailed, a copy, do so by June 30. This will provide us with 
a list of names to be compared against coded answer booklets as 
they are received in the mail.

In addition to an assignment sheet copy, we also will welcome any 
comments you may have on the program thus far.

Sincerely

Paul h . Bessey
Extension Specialist, Horticulture

Carl Wilson 
Graduate Student

PMB:jIt
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^ p E K T H E  U N I V E R S I T Y  OF  A R I Z O N A
T U C S O N ,  A R I Z O N A  85721

C O L L E G E  OF A G R I C U L T U R E  
DEPARTMENT OF PLANT SCIENCES September 17, 1980

Dear County Agent:

The cooperative tomato trials across the state have come to 
an end. We have already received return questionnaires from some
home gardeners but others have certainly overlooked the September
15 cut-off date. A reminder from you to cooperators would be 
appreciated. Please note that postal rules have changed since 
the booklets were distributed making the included return penalty 
envelope illegal. Please ask cooperators to either use a stamp 
or turn the reports over to you for bulk return.

We also need a list of cooperator’s names, addresses, and
assigned.code letters from the following counties: Cochise,
Apache, and Mohave. We have names and addresses but not assigned 
code letters from Navajo and Greenlee counties. It is important 
that you get this information to us. Without knowing the location 
represented by a coded trial booklet, we can’t make elevation 
comparisons among the trial reports. When all trials are accounted 
for, we shall try to be prompt about the statistical analysis and 
return of summarized results. You can then distribute copies to 
your cooperators and other interested gardeners in your county.

Thanks for your assistance.

Sincerely

Carl Wilson 
Graduate Student

Paul M. Bessey
Extension Specialist, Horticulture

CW:jit



T H E  U N I V E R S I T Y  OF  A R I Z O N A
T U C S O N ,  A R I Z O N A  85721

C O L L E G E  OF  A G R I C U L T U R E  
DEPARTMENT OF PLANT SCIENCES

Dear County Agent:

Results of our 1980 Tomato Variety Trial continue to 
trickle in. Below is a tally of results received thus far. 
Please prompt cooperators in your county who haven't returned 
their booklets yet.

No/County Lettered Booklets Total Trials
_________ . .  Received Sent Out

3 Santa Cruz A, C 6
4 Greenlee A, B, E 6
5 Maricopa B, C, D, G 7
8 Cochise B, D, E, F 7
10 Mohave B, F 6
13 Navaj o F, (one early freeze 

out)
6

14 Apache A, C , D, J 10

Thanks for your help in accounting for this year's trials.

Sincerely,

Carl Wilson

CW:jit
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