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ABSTRACT 

The purposes of this study were to (1) determine the preferences 

of selected Arizona 9th and 10th grade vocational agriculture students 

as regards selected format style factors for the University of Arizona 

Department of Agricultural Education Plant Diseases Student Reference 

Unit, and (2) determine whether the readability of this Unit could be 

improved through manipulation of these selected format style factors. 

Three basic sample format styles were tested by the study. Fin

dings of the study included: (1) Students of low, medium and high 

reading ability level subgroups all tended within themselves to hold to 

an overall 2:1:1 trend of preference for the Pica type/single column, 

Elite type/double column and Elite type/single column formats respec

tively; (2) Approximately two out of every three students surveyed 

preferred the use of traditional outline symbols in page margins to 

their non-use; and (3) all three of the sample units tested by the study 

were statistically determined to be of more or less equal readability. 
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CHAPTER 1 

INTRODUCTION 

Today's high school students live in a world of tough media 

competition. Television and magazines, especially, with their attention-

grabbing visual styles and easy-to-follow content, tempt students as 

never before to abandon their schoolbooks and settle for academic 

mediocrity. As a result, the need for highly readable, comprehensible, 

and visually attractive printed reference materials for classroom and 

homework use has never been greater. 

Fortunately, a wealth of research findings by experts in the 

science of reading have been made available in recent years to help 

guide lay educators in their development of printed educational 

materials. Researchers such as Gunning (1952), Frye (1968), and 

McLaughlin (1969), for instance, have devised formulas by which even 

"non-experts" in reading can assess the reading levels of written 

materials they are developing. In addition, researchers such as Siegel 

(1974) have published guidelines by which discoveries in educational 

psychology can be applied by laymen to improve the comprehensibility of 

their instructional writings. 

In the area of reference material format styles for improved 

visual appeal and readability, however, research efforts have been very 

limited (Valmont 1981). Further, results from what has been done in 

this area of reading research have often not become known and/or 

1 



2 

implemented by textbook designers (Spencer 1969). This has often 

resulted in the use of reference material visual formats that have 

largely been dictated by "the tastes of the designer" (Rice 1968) 

instead of upon research findings concerned with students' visual format 

design preferences and needs. 

The need, therefore, for assessment and application of student 

format design preferences and needs for specific subject areas and types 

of instructional materials clearly exists. It was with this need in 

mind that the following assessment of the comparative readibilities of 

vocational agriculture Student Reference Units of varying format styles 

was conducted. 

Statement of Purpose 

The purposes of this study were to (1) determine the preferen

ces of selected Arizona 9th and 10th grade vocational agriculture 

students as regards selected format style factors for the University of 

Arizona Department of Agricultural Education Plant Diseases Student 

Reference Unit, and (2) determine whether the readability of this Unit 

could be improved through manipulation of these selected format style 

factors. 

Specific Objectives 

The following questions were formulated to help direct the 

investigation of the problem statement: 

1. Will a survey of Arizona 9th and 10th grade vocational agricul

ture students reveal that they prefer a Pica type/single column 

per page, Elite type/single column per page,' or Elite type/double 
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column per page format style for publication of the Plant 

Diseases Student Reference Unit? 

2. Will a survey of Arizona 9th and 10th grade vocational agricul

ture students reveal that they prefer a format style for the 

Plant Diseases Student Reference Unit that uses traditional 

outline symbols to help indicate topic arrangement, or one which 

does not use such symbols? 

3. Will a survey of Arizona 9th and 10th grade vocational agricul

ture students reveal that students of low, medium and high 

reading ability levels, as measured by the California Achieve

ment Test, tend to differ among themselves as to the Plant 

Diseases Student Reference Unit format style preferred? 

4. Will a timed reading speed and comprehension test reveal a 

statistically significant difference in readability for any of 

the format styles tested? 

Need for the Study 

Student Reference Units (SRU's) have been used in Arizona voca

tional agriculture instruction since 1970. These units, published by 

the Department of Agricultural Education at The University of Arizona, 

are based upon a Two Year Core Curriculum for Agricultural Education 

that was developed by the Department during the late 1960's. Ten SRU's 

comprised the original set of books published, and included ones on 

Livestock Selection, Livestock Health, Livestock Feeding, Livestock 

Production Management, Plant Growth and Development, Plant Diseases, 

Insects, Weeds, Plant Production Management, and Soils. Later, after 
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this original set of SRU's was completed, others were developed and 

published for specialized areas of agricultural education such as agri

cultural mechanization, horticulture, and agricultural and renewable 

natural resources. This brought the number of such units published by 

the Department up to a sum total of twenty-eight. 

In an attempt to assess the classroom effectiveness of such 

units, a Department research study was conducted during the 1980-81 

school year (Mulcahy 1981). The main topic of this study related to the 

hypothesis that the original generation of SRU's published by the Depart

ment was written at too high of reading levels for their intended 

audience, and that SRU's written at lower reading levels might therefore 

prove to be more instructionally effective—at least for students of low 

reading ability. Although this hypothesis was not clearly borne out by 

the study's data, Mulcahy nevertheless recommended that "an in depth 

review of (readability) literature" be conducted so that "textual styles 

and structures which improve student understanding" could be incorpo

rated into a future generation of Department SRU's. Such a study was, 

in fact, later conducted, and revealed the following findings pertaining 

to material readability: 

1. Visuals and organization of content, as well as reading "levels", 

affect readability (Kern 1980). 

2. Research findings concerning the effects of format design on 

readability have nevertheless been scarce (Green 1980). 

3. Research findings that exist concerning suggested format 

designs for improved readability are seldom incorporated into 
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printed instructional materials during their publication 

(Spencer 1969). 

4. Research findings that recommend ideal format designs for 

different subject areas and different types of printed instruc

tional materials, simply do not, in all likelihood, exist 

(Valmont 1981). 

Therefore, it was apparent that if format design changes were 

to be made in the Department's SRU publications in order to improve 

their visual appeal and readability, these changes would have to be made 

based primarily on Department-collected student preference and perfor

mance data and not solely on findings and recommendations stemming from 

previous reading research. It was for the purpose of collecting such 

data that the study now to be described was conducted. 

Hypotheses 

The following hypotheses were presented as possible answers to 

the specific objective questions of the study: 

1. Surveyed Arizona 9th and 10th grade vocational agriculture 

students will prefer the Pica type/single column format style 

for publication of the Plant Diseases SRU. 

2. Surveyed Arizona 9th and 10th grade vocational agriculture 

students will prefer a Plant Diseases SRU format style that uses 

traditional outline symbols to help indicate topic arrangement. 

3. Surveyed Arizona 9th and 10th grade vocational agriculture 

students of high reading ability will prefer an Elite type/ 

double column SRU format style more frequently than will 
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students of medium or low reading ability. Conversely, low and 

medium reading ability students will prefer a Pica type/single 

column SRU format style more frequently than will students of 

high reading ability. 

4. A timed reading speed and comprehension test will reveal in a 

statistically significant way that the Elite type/double column 

SRU format style is more readable for surveyed students of high, 

medium and low reading ability levels than the original Pica 

type/single column format style. 

Basic Assumptions 

In carrying out a study of this nature, a researcher needs to 

assume some factors to be true. These factors then are not tested in 

the study. In this study, the researcher assumed that: 

1. format design factors do, in fact, affect the visual appeal and 

readability of printed materials. 

2. student format design preferences expressed on the preference 

survey actually were the true preferences of the students. 

3. survey and test instruments and procedures used to elicit 

student preference responses and assess student reading perfor

mances through the sample units actually and accurately did so 

in use. 

4. the California Achievement Test accurately measures reading 

ability in a valid and reliable manner. 



Delimitations 

The extent to which the findings of a study can be generalized 

is evidenced in the study's delimitations. This study was delimited as 

follows: 

1. only volunteer classes of Arizona vocational agriculture 

students were preference-sampled and reading-performance tested 

during the course of the study. Such preferences and perfor

mances, therefore, may be atypical of classes of vocational 

agriculture students in general. 

2. Test instrument pages used to elicit student preference 

responses and assess student reading performance during the 

course of the study were adapted only from the Plant Diseases 

Student Reference Unit used in Arizona. Test results, therefore, 

may not .be typical of those that would be obtained from voca

tional agriculture student reference units in general. 

Limitations 

The extent to which the findings of a study accurately reflect 

what the researcher intended is evidenced in the study's limitations. 

Limitations of this study were as follows: 

1. Student format style preferences expressed on the preference 

survey may have been affected by verbal or non-verbal cues 

given by the researcher at the time of testing which reflected 

his personal format style preferences. This is doubtful, 

however, as instructions given during the survey phase of 

testing referred to the various format style options in general 
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terms rather than according to their specific names or 

descriptions. 

2. Student format style preferences expressed on the preference 

survey may have been influenced by those being expressed by 

their classroom peers at the time of testing. To avoid such 

influence the researcher assured students of anonymity, reminded 

them that there were no right or wrong answers on the survey, 

stressed the importance of each student registering his or her 

own personal preferences, and enforced a no-looking/no-talking 

policy during classroom testing. 

3. Student format style preferences expressed on the preference 

survey may have been affected by the order in which sample 

format style materials were presented to the surveyed students. 

This is unlikely, however, because these materials were distri

buted to students in a randomized way, 

4. Students' format style preferences and reading speed and compre

hension scores through the sample units may have been influenced 

by their familiarity with the original (Pica type/single column) 

SRU format resulting from previous exposure to other University 

of Arizona Student Reference Unit publications. 

Procedure 

The procedures used in this study were designed to acquire the 

information necessary to meet the stated objectives. The researcher 

divided this section into the following subsections: (1) population 
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and sample, (2) design, (3) data and instrumentation, and (4) analysis 

of data. 

Population and Sample 

The target population in this study was Arizona vocational 

agriculture students in general. The experimentally accessible popu

lation, however, was limited to Arizona vocational agriculture students 

who were enrolled in classes volunteered.for the study by their teachers 

during the 1981-82 school year. This, as stated before, may have 

affected the external validity of the study. 

Design 

This study was partially descriptive-survey and partially quasi-

experimental in nature. The dependent variables for the descriptive-

survey portion of the study were students' format style preferences for 

each of several manipulated format design factors, The dependent 

variables for the quasi-experimental phase of the study were students' 

reading speed and comprehension scores on a timed SRU reading test. The 

independent variables for both phases of the study were the different 

format design factors that "were manipulated during preference surveying 

and reading performance testing. In addition, the reading grade equi

valent level of each participating student, as determined by the 

California Achievement Test, served as a moderator variable in the 

study. 
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Data and Instrumentation 

Three types of information were gathered during the course of 

the study: (1) students' format style preferences for each manipulated 

format design factor, (2) students' reading speed and comprehension 

performance scores through the sample SRU's tested, and (3) students' 

reading ability scores as measured by the California Achievement Test 

(CAT). 

Students' format style preferences were determined by giving 

each participating student sample SRU books and supplemental loose-leaf 

pages that differed from one another only in layout style. These 

sample materials were given to classes of students in a planned sequence 

which paralleled the flow of questions asked on a printed preference 

survey sheet. Students were guided through these survey questions by 

the researcher. They recorded their preference opinions directly onto 

the survey papers. 

After completing the preference survey, each student was ran

domly assigned to keep one of the three sample SRU books used for the 

preference survey. A timed reading speed and comprehension test 

followed during which students read through their assigned book for 

three minutes, then circled the last word they had read in the book with 

a pencil. This enabled the researcher to later calculate student 

reading speeds through the sample units. Students then closed their 

books and answered thirty multiple choice questions concerning the 

assigned reading. They recorded their answers directly onto pre-printed 

test instrument pages. Students' correct response scores over these 
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questions enabled the researcher to later calculate students1 reading 

comprehension scores through the sample SRU's tested. 

California Achievement Test reading grade equivalent scores for 

participating students were obtained by participating vocational agri

culture teachers from their respective school's counseling departments. 

These scores resulted from a statewide CAT testing program that was 

administered in all Arizona public schools during May 1982. The use of 

students' CAT reading grade equivalent scores as a moderator variable in 

the study enabled the researcher to later analyze collected data for 

possible relationships between students' reading abilities and their 

expressed format preferences and reading speed and comprehension perfor

mances through the sample SRU's tested. 

Analysis 

Data collected during the course of the study were coded onto 

IBM computer cards for ease of storage and computation. An exception 

was students' reasons for which sample unit they liked best and least 

respectively, as variability in students' reasons for this preference 

survey question made compilation with a tally sheet more practical. 

Subsequent statistical analysis of data coded onto IBM cards was done by 

computer in order to determine the relationships between the different 

variables examined in the study. 

Definition of Terms 

The following definitions were based entirely on the study and 

should be viewed in that context: 



Format: The graphic design of a printed material as determined 

by the size of print, width of lines, use or non-use of outline 

symbols in the margins, number of columns, and type of binding 

used in its publication. 

Readability: The degree of reading ease or difficulty that is 

characteristic of a particular piece of reading material as 

determined by its vocabulary, sentence structures, organization 

of content, and format style. 

Low reading ability; Having a grade equivalent score of less 

than 9.0 on the California Achievement Test Reading Vocabulary 

and Reading Comprehension sections. 

Medium reading ability: Having a grade equivalent score of 9.0 

to 10.9 on the CAT Reading Vocabulary and Reading Comprehension 

sections. 

High reading ability: Having a grade equivalent score of 

greater than 10.9 on the CAT Reading Vocabulary and Reading 

Comprehension sections. 



CHAPTER 2 

REVIEW OF LITERATURE 

The purpose of this chapter is to review previously-published 

literature related to the study's topic. This literature discusses 

(1) the concept of readability, and (2) the various factors that affect 

readability of printed materials. 

The Readability Concept 

"Readability" has been defined in a variety of ways by different 

authors during the past several decades. One commonly-quoted definition 

is that "readability is the sum total (including interactions) of all 

those elements within a given piece of printed material that affect the 

success which a group of readers have with it. The success is the 

extent to which they understand it, read it at an optimum speed and find 

it interesting" (Dale and Chall 1948). 

English and English (1958) chose to define readability in a 

slightly different manner. They purported that readability is "the 

quality of a written or printed communication that makes it easy for a 

given class of persons to understand its meaning or that induces them to 

continue reading." 

Still another definition of readability has been proposed by 

McLaughlin (1968). He defined readability as being "the degree to which 

13 
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a given class of people find a certain reading matter compelling and, 

necessarily, comprehensible." 

Readability Factors 

From the above definitions it can be assumed that many factors 

affect the readability of a publication. These Include, among other 

things, its vocabulary, sentence lengths, sentence structures, sentence 

voice, organization of content, and print/format characteristics. The 

role of each of these various factors upon readability as found in this 

review of literature is discussed as follows. 

Vocabulary 

Early literature pertaining to the effects of vocabulary on 

readability often focused upon the difficulty and familiarity of a 

publication's words to readers (Klare 1963). Some authors developed 

this idea by compiling word lists that ranked words according to their 

relative commonness of usage (Thorndike and Lorge 1944). Such rankings 

were used by some authors to compute the vocabulary "burden" of sample 

1,000-word passages (Lively and Pressley 1923). 

Since then, many other mathematical readability formulas have 

been devised that take vocabulary difficulty into account in their 

computation. Possibly the most widely used of these at the present 

time is the Fry readability formula (Fry 1968). This formula computes 

readability based upon the number of sentences and polysyllabic words 

found in sample 100-word passages. Passages which have large numbers 
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of polysyllabic words are assessed by this formula as being of high 

reading difficulty. 

Siegel (1974), however, has pointed out that the lengths of 

words themselves do not affect readability as much as do the number of 

"morphemes" (units of meaning) that make up those words. The word 

"disassemble", for example, is less readable than the word "avocado", 

not because it contains more syllables, but because it contains two 

units of meaning ("dis" = apart, and "assemble" = put together), whereas 

the word "avocado" only contains one unit of meaning (the name of a 

fruit). He suggests that the morpheme content of words in publications 

be reduced in order to improve their readability. The two-morpheme word 

"disassemble", for instance, could be replaced in a passage with the 

single morpheme words "take apart". This would make the passage more 

readable. 

In addition, Siegel makes three other vocabulary-related sugges

tions for improving readability. One is to generally avoid using words 

that contain negative prefixes such as "un", "dis", "de", and "mis" in 

sentences. The sentence "Do not disassemble the apparatus", for example, 

would be more easily read if changed to "Leave the apparatus assembled." 

Secondly he suggests that writers de-emphasize the vocabulary diversity 

of their writings. He does this by stating that "Even if your reader 

has a diverse vocabulary, word repetition will make the text more com

prehensible. Do not worry about finding synonyms for words—just use 

the same words over and over." Thirdly, Siegel suggests that writers 

avoid using abbreviations in their writings whenever possible. Frequent 

use of abbreviations in publications markedly reduces their readability. 
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Sentence Lengths 

Another factor that affects readability is the lengths of 

sentences found in publications. Many readability formulas, therefore, 

use sentence length as a factor in determining the readability of mate

rials. The Fry formula, for example, is calculated based partially 

upon the average number of sentences that are contained in sample 

100-word passages. The assumption of this formula, of course, is that 

shorter sentences are usually easier to read than are longer sentences. 

This is often true because shorter sentences by nature tend to be less 

complex and, hence, more readable. Price (1975) concurs with this 

notion by recommending that sentence lengths in technical military 

publications be limited to 17-20 words. 

Sentence complexity and, hence, readability, however, is not 

always directly proportional to sentence lengths. Rather it is more 

directly a function of another readability factor known as "sentence 

structure". 

Sentence Structure 

Sentence structure refers to the way that sentences are con

structed from words and clauses. It is affected by such grammatical 

features as depth, self-embedding, branching and complements (Siegel 

1974, Gllliland 1972). 

Depth. The "depth" of a sentence refers to the degree to which 

words are "buried" in a sentence. Long sentences, of course, usually 

have a higher degree of depth than do shorter ones. Breaking long 
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sentences down into shorter ones reduces their depth thereby increasing 

their readability. The following sentences from Siegel are examples: 

The new car which the neighbors bought and which has already 
been delivered, is a gift for their son who is graduating from 
college this summer. 

The new car has already been delivered. It was bought by the 
neighbors as a gift for their son. He is graduating from 
college this summer. 

The second of these two examples is clearly less deep and more readable 

than the first one. Siegel encourages writers to break long sentences 

down into shorter ones in this way in order to reduce their depth and 

thereby improve their readability. 

Self-embedding. Another readability factor that is related to 

sentence structure is known as "self-embedding." It occurs whenever a 

supplemental clause is "buried" between the subject and predicate of a 

sentence. Self-embedding confuses the reader as to who is doing what in 

a sentence. It can be eliminated by moving self-embedded clauses to 

positions that follow rather than precede a sentence's predicate. The 

following sentences from Siegel are examples (subjects and predicates 

are underlined): 

The president, having no intention of yielding to the repeated 
demands of the citizens, was forcing them to revolt. 

The president was forcing the citizens to revolt because he had 
no intention of yielding to their repeated demands. 

The first sentence is embedded with the clauses "having no intention", 

"of yielding", "to the repeated demands", and "of the citizens". Placing 

these clauses after the predicate of the sentence eliminates self-

embedding thereby making the sentence more readable. 
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Branching. Another factor of sentence structure that deals with 

clauses and affects readability is "branching". It is concerned with 

whether the supplemental clauses of a sentence are placed to the right 

or left of the sentence's main clause. Sentences that have supplemental 

clauses to the right of their main clause are called "right branching". 

Those that have supplemental clauses to the left of the main clause are 

called "left branching". Right branching sentences are more difficult 

to read than left branching sentences. Examples of right and left 

branching sentences, respectively, as given by Siegel are as follows 

(branching is underlined): 

The umpire called a balk that the southpaw pitcher hit that the 
coach replaced. 

The electricity powered toe chomping rock throwing lawn mower 
ran over its own chord. 

Of these two sentences, the second one-which is. left branching—is much 

more readable. Siegel recommends that right branching sentences be 

avoided whenever possible. 

Complements. Words such as "that", "which" and "whom" are 

referred to grammatically as "complements". The use of complements, 

Siegel claims, makes sentences more readable. He cites the following 

two sentences as illustrations of this point (the complement is 

underlined): 

John believed the girl was a fool. 

John believed that the girl was a fool. 

The second of these two sentences is more readable because the comple

ment "that" helps to clarify its meaning. Siegel recommends that 
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complements be used in sentences where appropriate in order to improve 

their readability. 

Sentence Voice. Another factor that affects the readability of 

materials is sentence "voice". It helps the reader to distinguish what 

is happening in a sentence and who or what is doing it. Three common 

sentence voices are used in English. These are the (1) active, (2) 

passive, and (3) passive negative voices. Respective examples of each 

of these voices are given by Siegel as follows (voice is underlined): 

They found the boy sleeping on the floor. 

The boy was found sleeping on the floor. 

The boy was not found sleeping on the floor. 

The first of these three examples (active voice) is the easiest to 

read. The third example (passive negative), on the other hand, is the 

most difficult to read. Siegel and other researchers conclude from 

these and other examples that writers should use active voice and avoid 

passive negative voice in their writings whenever possible. This will 

help make these writings more readable. 

Organization of Content 

Needless to say, the way that information is organized within 

publications greatly affects their readability. One of these organi

zational factors is the way that information is "packaged" into 

paragraphs, sections and sub-sections. 

Concerning this aspect of readability, Price (1975) makes the 

following recommendations: (1) paragraphs should be kept short 

(45-60 words), (2) one sub-heading should be used for every two 
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paragraphs, and (3) at least one major heading should be used for 

every ten sub-headings. Implementing these suggestions when orgainzing 

the content of a publication helps Improve its readability, Price says, 

by presenting its information to the reader in "bite size chunks." 

Print/Format Characteristics 

Print/format characteristics is the last readability factor that 

will be discussed in this review of literature. These characteristics 

include graphic design factors such as size and style of type, width of 

columns and margins, design and use of headings, and use and arrangement 

of graphics in a text. Literature pertaining to each of these factors 

is discussed as follows: 

Size of Print. Most of the research related to optimal size of 

type for publications was done by Patterson and Tinker during the 1930's 

iand 1940's (Tinker 1963). One experiment they conducted showed that 

9, 10, 11 and 12-point type were all of more or less equal legibility, 

with 11-point type being possible somewhat more legible than the rest. 

Price (1975) shows agreement with these findings by recommending that 

technical manuals produced by the military be typeset with either 10 or 

11-point type. 

This information would suggest that there is no legibility 

advantage in using Pica (large) typewriter type rather than Elite 

(small) typewriter type when preparing typewritten (rather than typeset) 

materials for publication. This is because Elite typewriter type cor

responds sizewise with 11-point typesetter's type and Pica with that of 

10-point typesetter's type. Both, therefore, fall within Patterson, 
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Tinker, and Price's range of ideal type sizes for use in printing 

publications. 

Style of Print. Much of the research related to the best styles 

of type print for use in publications was, again, done by Patterson and 

Tinker. From their many type style-related experiments they made the 

following conclusions: (1) all common type faces in use are of more or 

less equal legibility, (2) readers prefer a somewhat boldface type, 

(3) italics read more slowly than ordinary lower case type and should 

only be used for emphasis of special points, and (4) the use of all 

capital letters in publications greatly reduces their readability and 

should be avoided. 

One interesting observation made from the Tinker and Patterson 

type style studies was that readers' opinions as to which style of type 

they thought would be easiest to read usually did not match up well with 

reading performance data. This shows the need for performance testing of 

reading materials rather than simply surveying readers' preferences when 

the relative legibility of these materials is to be evaluated. 

Width of Columns. The width of printed columns in publications 

greatly affects their readability. This is because excessively short or 

long columns reduce the efficiency of eye movements made during reading. 

Tinker (1963) made recommendations for "safety zone" ranges of 

line widths based upon data from some of his experiments. These ranges 

vary according to the size of type used in publications. His recommen

dations call for 14-31 pica (2-1/3" to 5-1/6") line widths for use with 

10-point type, and 16-34 pica (2-2/3" to 5-2/3") line widths for use 

with 11-point type. Price (1975) correspondingly recommends 14-23 pica 
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(2-5/6" to 3-13/16") optimal line widths for use with either 10 or 

11-point type. 

Margins and White Space. Some controversy exists in the lite

rature concerning ideal margin dimensions/white space proportions for 

use in publications. Tinker (1963) claims that his research disproves 

the need for top, bottom or side margins from a pure reading performance 

standpoint. Data from one of his studies is cited to show that reading 

speeds actually go up slightly when white space margins are eliminated. 

He further notes that commonly used margin dimensions cause printed 

pages to be about 50% white space—an implied waste of paper. 

Gilliland (1972), however, agrues that even if margins do not 

improve reading performance, they nevertheless improve a publication's 

appearance. He also argues that margins make it possible for the 

reader to write notes on the page itself as he reads. Price (1975) 

demonstrates agreement with Gilliland by recommending one-half inch 

minimum margin sizes for use in Air Force technical manuals. He also 

recommends concerning white space in general that extra white space be 

left between paragraphs and that white space on a page overall be evenly 

distributed. 

Headings. Recommendations pertaining to the use of headings in 

publications as discovered by this review of literature come also mostly 

from Price (1975). These recommendations state that headings should 

(1) divide the text into coherent, self-contained units of information, 

(2) relate logically within and across sections, (3) be in a ratio or 

approximately one heading for every two paragraphs, (4) be no more than 

three or four words in length, (5) be easy to locate in the text, and 
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(6) be set off by spacing, printed in bold lettering or otherwise 

emphasized. 

Graphics. Recommendations pertaining to the use of graphics in 

publications come, again, mostly from Price (1975). He recommends that 

(1) approximately half of the material in publications be graphics, 

(2) an average of one graphic be used to support each heading, (3) the 

scope and level of detail in graphics not be excessive, (4) graphics be 

referred to in the text in complete sentences (not in parentheses), and 

(5) word labels for graphics be typed in 10 or 11-point print. 



CHAPTER 3 

PROCEDURE 

The procedures used in this study were designed to acquire the 

Information needed in order to meet the study's stated objectives. This 

information pertained to (1) students' format style preferences for the 

Plant Diseases SRU, and (2) students' reading speed and comprehension 

performances through sample Plant Diseases SRU's of varying format 

design. 

The study's procedure will be discussed in four parts. These 

four parts are (1) population and sample, (2) design, (3) data and 

instrumentation, and (4) analysis of data. 

Population and Sample 

The target population for this study was Arizona vocational 

agriculture students in general. The experimentally accessible popu

lation, however, was restricted to freshman and sophomore vocational 

agriculture students in Arizona who had participated in a previous voca

tional agriculture research study during the 1981-82 school year and who 

had not yet studied the Plant Diseases Student Reference Unit. The 

student population for the study was restricted in this way in order to 

eliminate the need for California Achievement (CAT) Testing to be done 

again for the present study. Students who had participated in the 

earlier 1981-82 vocational agriculture research study had been 

24 
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CAT-tested for that study in order to assess their individual reading 

ability levels. It was originally expected that these CAT scores would 

be used in analysis of the present study's data. More recent CAT scores 

scores, however, later became available as a result of an unforeseen 

State of Arizona CAT testing program conducted in all Arizona public 

schools during April 1982. Advance knowledge of this testing program 

would have enabled the researcher to delimit the study's accessible 

population in a broader way. Further, the study was restricted to stu

dents who had not yet studied the Plant Diseases SRU in their vocational 

agriculture classes. This was done in order to eliminate student fami

liarity with the Plant Diseases SRU as being a possible intervening 

variable in the study. 

A sample of students was drawn for the study from the experi

mentally accessible population described above. This was done by asking 

the twelve teachers whose classes had participated in the previous 

1981-82 vocational agriculture research study to volunteer their 

students once again for participation in the present study (see 

Appendix A). Of these teachers, nine were able to participate in this 

study and agreed to do so. Eighteen classes of vocational agriculture 

students were thereby provided for the study's population sample. All 

freshman and sophomore students in attendance in these classes on the 

day of testing comprised the study's final sample. The study's sample 

was further restricted to freshman and sophomore students only because 

the Plant Diseases SRU is taught only during vocational agriculture 

students' freshman or sophomore years. A total of 276 freshman and 
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sophomore vocational agriculture students comprised the study's final 

sample. 

Design 

This study was partially descriptive-survey and partially 

quasi-experimental in nature. The descriptive-survey portion of the 

study was designed to poll students' format style preferences for the 

printing of the Plant Diseases SRU. The quasi-experimental portion of 

the study was designed to assess which of the three sample SRU format 

styles tested was actually easiest for students to read and comprehend. 

These two aspects of the study's design are discussed as follows. 

Descriptive Survey 

The descriptive-survey portion of the study was designed to find 

out student preferences concerning the size of print, number of columns 

per page and use or non-use of outline symbols along page margins for 

the Plant Diseases SRU. This was done using sample Plant Diseases units 

and loose leaf supplemental pages that varied from one another only in 

format style. Also used for the descriptive survey phase of the study's 

classroom testing was a printed preference survey sheet on which partici

pating students recorded their survey answers. All 276 students who 

participated in the study took the preference survey. Specimens of the 

survey materials used are found in Appendices B, C, D, E, and F. 

On the day of testing for each participating class of students, 

the researcher introduced the format preference survey to students with 

planned introductory remarks as outlined in Appendix B. These remarks 

were designed to familiarize participating students with the survey's 
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purpose and procedure. In so doing they emphasized the importance of 

each student giving his own original personal opinions when answering 

the survey questions. These remarks also stressed that the survey had 

no right or wrong answers, and that students would be identified by 

secret code numbers only on the survey papers to assure them of anony

mity. Finally, the preference survey introductory remarks made by the 

researcher emphasized that there was to be no talking or looking at 

other students' papers during the time of preference testing. 

After the study's preference survey phase was introduced to a 

class of participating students, survey materials were distributed to 

each student in the class according to a planned sequence. The three 

sample Plant Diseases units "Blue", "Brown" and "Green" (Appendices C, 

D and E) were the first survey materials given to students. These units 

were distributed by having eaca student come forward to collect one copy 

of each as his name was called by the classroom teacher. The researcher 

randomly mixed up the order in which these three sample units were 

stacked when handed out to students. This was done in order to assure 

that no one sample unit was more frequently opened up first by students 

when they took the preference survey resulting in a sequence bias effect 

in the preference data collected. 

After each participating student had received his copies of the 

three sample Plant Diseases units, the researcher passed out to each 

student a copy of the study's format preference survey and reading speed 

and comprehension test instrument (Appendix F). Each student then wrote 

down the name of his school and his student code number on the top of 

page one of this test instrument. Student code numbers had been 
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previously assigned and announced by the classroom teacher. These 

numbers were used instead of students' names for identification, purposes 

in the study, as stated before, in order to assure students of 

anonymity. Participating teachers recorded each student's code number 

in the class register book on the day of testing in order to enable 

them to later identify students by the same code number when reporting 

State of Arizona CAT scores to the researcher. 

After all students had received their sample Plant Diseases 

units and their printed survey test instrument, they were told to open 

up the sample units and begin taking the survey that was found on page 

one of the test instrument. The researcher guided the students through 

questions 1-4 on the survey. These questions asked students which of 

the three sample Plant Diseases units they liked best and least respec

tively, and for what reasons. After completing questions 1-4 on the 

format preference survey, participating students were then told to put 

a number five "a", "b" and "c", and a number six in the remaining space 

beneath question four on the preference survey sheet. These numbers 

were then used to answer two additional questions that were added onto 

the survey by the researcher subsequent to the printing of the survey 

sheets. 

Question five of the format preference survey was designed to 

determine students' preferences concerning the use or non-use of tradi

tional outline symbols along the margins of each of the three sample 

Plant Diseases units. In order to answer this question, students were 

given supplemental loose-leaf sheets (Appendices G, H and I) that had 

traditional outline symbols along their left margins next to their 
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section and subsection headings. Each of these supplemental sheets, 

however, was identical in all other respects to page one of either the 

"Blue", "Brown or "Green" sample unit. Students were given one of these 

supplemental sheets at a time and were told to compare it with its cor

responding sample unit page. They were then told to write the name of 

the book followed by "with" or "without" next to numbers 5a, 5b or 5c 

on the survey sheet (e.g., "5a. Blue-with"). This indicated whether 

each student preferred the use or non-use of outline symbols along page 

margins for each of the three sample units tested. The researcher 

varied the sequence with which the three supplemental loose leaf sheets 

and sample books were compared by students in the different participa

ting classes. This was done in order to prevent a possible sequence 

bias effect in the preference data collected. 

The last question on the study's survey, question six, was 

designed to determine students' preferences regarding the type of 

binding used for the SRU publications. This question was not a part of 

the study's original survey, but was added in by the researcher after 

three participating classes of students had already completed the 

study's testing phase. During those testings the researcher observed 

that some of the participating students folded back the front covers of 

the books in their hands as if they were single sheets of paper. Such 

folding back, however, would not have been possible with the prototype 

Plant Diseases SRU publication as it is held together with a solid 

plastic "Velo-Bind" binding. The researcher therefore decided to ask 

students in subsequently-surveyed participating classes if they 

preferred the spiral or solid-bound sample SRU's, and for what reasons. 
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In order to answer question six, each student was given a copy 

of the solid-bound prototype Plant Diseases SRU and was told to compare 

it, as regards binding, to any one of the three spiral-bound sample 

Plant Diseases units that they, had previously been given. Students 

were told to then write "spiral" or "solid" next to number six on the 

survey answer sheet in order to indicate their binding preference. In 

addition, they were told to write a brief explanation under question six 

of why they preferred either the spiral or solid binding. Lastly, 

students were instructed not to open the survey answer sheets up to 

Part II: Reading Test after they finished writing down their answers to 

survey question six. They were told to instead sit quietly and await 

further instruction from the researcher. 

Quasi-experimental 

The quasi-experimental portion of the study's classroom testing 

immediately followed students' completion of the format preference 

survey. This part of the testing was designed to determine which of the 

three sample format styles ("Blue", "Brown" or "Green") tested for the 

Plant Diseases SRU was actually easiest for students to read and com

prehend. The relative reading ease of each of these format styles was 

determined during testing through the use of a timed reading speed test. 

This test measured the average reading speeds of randomly assigned 

students through each of the three sample books. The relative compre-

hensibility of each of the sample books was determined through the use 

of a closed-book paper and pencil test. This test measured the average 
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comprehension of randomly assigned students through each of the three 

sample books. 

The researcher introduced this part of the testing to students 

by first explaining that each student would only keep one of the three 

sample units ("Blue", "Brown" or "Green") that he had used for the 

preference survey in order to complete the reading speed and compre

hension tests. Next, the classroom teacher called out each student's 

code number and told him which sample unit to keep. These sample unit 

assignments had been randomized by the researcher and teacher prior to 

the class period by rolling dice for each student listed in the 

teacher's Class Register book. Students meanwhile were told by the 

researcher to keep their assigned sample unit closed while handing in 

the other two units to him or the classroom teacher. 

After .students turned in the two non-assigned sample units, the 

researcher reminded them that the purpose of the test was to assess the 

readability of the sample "Blue", "Brown" and "Green" units and not 

to assess each student's individual reading ability or reading speed 

and comprehension performance through their assigned sample unit. 

Students were also reminded at this time of their anonymity for the 

study. These points were stressed in order to keep students from 

feeling personally threatened by the study's reading performance test 

testing, causing them to subsequently read faster or slower than normal 

and to thereby invalidate the study's sample unit readability data. The 

researcher then concluded his instructions to students for the reading 

speed and comprehension testing by telling them to (1) read through 

their assigned unit at a normal speed, (2) read for three minutes 
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starting at "Classification of Plant Diseases" when instructed to start 

reading, and (3) circle lightly in pencil the last word they had read 

when it was announced that the three minute timed reading period was 

finished. 

After completing his instructions to students for the reading 

speed test, the researcher told students to begin reading through their 

assigned sample unit as previously instructed. He then kept track of 

elapsed time while students read. At the end of the three minute timed 

reading test period, he told the participating students to stop reading, 

and circle lightly in pencil the last word that they had read in their 

sample Plant Diseases "Blue", "Brown" or "Green" unit. Students then 

were told to close their books in preparation for the reading comprehen

sion performance test. 

After all students had closed their sample Plant Diseases unit, 

the researcher told them to turn their test instrument papers to page 

two, and write the name of the sample unit they had just read ("Blue", 

"Brown" or "Green") at the top of the page. This was done in order to 

enable the researcher to later make sure that each student had actually 

read the book he had been assigned to read. -Then the researcher 

finished giving instructions to participating students for the reading 

comprehension test by telling them to (1) make sure their reading 

comprehension test instrument had all 30 multiple choice questions 

included on the test, (2) answer all 30 test questions with their sample 

units closed, (3) answer all 30 questions even if they had to guess, 

(4) take as much time as they needed to complete the test, and (5) put 
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their test instruments inside their sample unit when finished and hand 

them in to the researcher. 

Student completion of these steps brought to an end the study's 

classroom data-collecting phase for each participating class of students. 

Only students' California Achievement Test reading vocabulary and compre

hension scores then remained to be collected. These CAT reading ability 

scores were forwarded to the researcher later, as they became available, 

by the participating teachers using the researcher-provided form found 

in Appendix J. 

Data and Instrumentation 

The instrument used to collect the required data for the study 

appears in Appendix F. This instrument consisted of a top survey page 

with four printed format preference survey questions. The remaining 

four pages contained thirty (30) multiple choice reading comprehension 

questions related to the Plant Diseases SRU excerpt contained in the 

sample "Blue", "Brown" and "Green" test units. These multiple choice 

questions were organized sequentially to parallel the flow of informa

tion presented in the three sample units. Organizing the comprehension 

test questions in this manner allowed the researcher to later adjust 

students' comprehension test scores based upon how far each of them had 

read through their assigned sample unit. A student who had read 547 

words during the three minute timed reading test, for example, was only 

graded on the first eight questions he had answered on the multiple 

choice comprehension test (see Appendix F). Adjusting students' 

comprehension score assessment in this manner prevented the penalizing 
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of slow reading students' comprehension scores on the multiple choice 

test, or the comparative inflation of fast reading students' comprehen

sion scores on this test. 

The other data-gathering instrument used by the study was the 

California Achievement Test for reading vocabulary and reading compre

hension. This test instrument was administered by a State of Arizona 

testing program, however, rather than by the researcher. The researcher 

simply acquired the CAT reading ability scores of students who partici

pated in this study by having cooperating teachers forward these scores 

from their schools' counseling department files after they had arrived 

at their school following CAT test grading. The researcher provided 

cooperating teachers with a special form with which to report such 

scores. This form is displayed in Appendix J. Students who participated 

in the study were, as mentioned before, identified by code number on 

these CAT test data-reporting forms. This was done in order to assure 

students of anonymity during the study's analysis of data. 

Analysis of Data 

The data collected during the conduct of this study were coded 

onto computer master coding sheets, keypunched onto computer punch cards, 

and then statistically analyzed by computer at the University of Arizona 

Computer Center. The preference survey data from the study were 

computer-analyzed using the CROSSTABS sub-program of the Statistical 

Package for the Social Sciences (SPSS). This provided a cross tabulation 

of students' format and outline symbol use preferences as broken down by 

low, medium and high reading ability level subgroups. The reading speed 



and reading comprehension data from the study, correspondingly, were 

computer-analyzed using the ANOVA SPSS sub-program. This provided an 

analysis of variance for these data using format manipulation as the 

Main Effects variable for the ANOVA and California Achievement Test 

scores for students' reading ability levels as its covariate. 



CHAPTER 4 

PRESENTATION AND INTERPRETATION OF DATA 

The purpose of this chapter is to present and interpret the 

data collected during the conduct of the study. These data include 

students' (1) format preference survey responses, (2) reading speed 

scores through the various sample units tested, (3) reading comprehen

sion scores through the various sample units tested, and (4) California 

Achievement Test reading vocabulary and comprehension scores. 

The data for the study were based upon a sample size of 276 

freshman and sophomore students of nine vocational agricultural programs 

in Arizona high schools. This gave the study a total Initial sample 

size of 276 students. Only 246 of these students, however, eventually 

provided full sets of data for the study due to student absenteeism on 

days of data collection, and also because a procedural error was made 

by the researcher with the first class of students tested which caused 

these students' data sets to be incomplete. This reduction in sample 

size should not have jeopardized the validity of the study's final 

results, however, because randomization of the study's treatments was 

done within rather than between classes of participating students. As 

stated previously, only classes of students that had not previously 

studied the University of Arizona Plant Diseases Student Reference Unit 

were recruited for participation in the study in order to prevent 
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student familiarity with the unit from being an intervening variable in 

the study. 

Data analyzed from the study answered four questions: (1) Will 

a survey of Arizona 9th and 10th grade vocational agriculture students 

reveal that they prefer a Pica type/single column per page, Elite type/ 

single column per page, or Elite type/double column per page format 

style for publication of the Plant Diseases Student Reference Unit? 

(2) Will a survey of Arizona 9th and 10th grade vocational agriculture 

students reveal that they prefer a format style for the Plant Diseases 

Student Reference Unit that uses traditional outline symbols to. help 

indicate topic arrangement, or one which does not use such symbols? 

(3) Will a survey of Arizona 9th and 10th grade vocational agriculture 

students reveal that students of low, medium and high reading ability 

levels, as measured by the California Achievement Test, tend to differ 

among themselves as to the Plant Diseases Student Reference Unit format 

style preferred? (4) Will a timed reading speed and comprehension test 

reveal a statistically significant difference in readability for any of 

the format styles tested? The data which answered these four questions 

as collected during the conduct of this study is presented and inter

preted as follows. 

Type Size and Column Width 
Preferences of Students 

Table 1 shows students' survey responses concerning their type 

size and column width preferences for the Plant Diseases SRU based upon 

the three sample units tested. From this table it may be seen that 

about 53% of the surveyed students liked the Pica (large) type/single 
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TABLE 1. Type Size and Column Width Preferences of Sampled Arizona 
9th and 10th Grade Vocational Agriculture Students for 
the Plant Diseases Student Reference Unit (N=248) 

Type Size/Column Number of Percent of 
Format Preferred Students Students 

Pica/Single ("Blue") 131 52.8 

Elite/Double ("Green") 61 24.6 

Elite/Single ("Brown") 56 22.6 

column format (Appendix C) best, with the Elite (small) type/double 

column format (Appendix E) being preferred by approximately 25% of the 

students surveyed, and the Elite type/single column format (Appendix D) 

being preferred by roughly the remaining 23% of surveyed students. 

This gives an approximate 2:1:1 preference ratio for the "Blue", 

"Green", and "Brown" units respectively. 

The Pica/single column format preferred by 53% of surveyed 

students is the same format that is presently used for all of the 

University of Arizona SRU publications. Student familiarity with this 

format style, therefore, may have been an intervening variable in 

students' preference survey results—even though they had not been 

previously exposed to the Arizona Plant Diseases SRU format in parti

cular. Students overall may therefore have claimed to prefer the Pica/ 

single column per page (original) format style merely because it was the 

one that they were accustomed to seeing. 

Another possible factor that may have affected students' format 

preference survey responses was the lack of graphics in the sample units 
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tested. The original Plant Diseases SRU did not contain illustrative 

graphics to help supplement the instructional value of the written text. 

Future editions of this Unit, however, will contain such graphics. The 

inclusion of graphics on future Plant Diseases SRU pages would probably 

cause the Elite/double column format style to improve markedly in 

appearance in comparison to the Pica/single column format that students 

preferred during the present study's survey. This is because a double 

column per page format provides a more desirable mechanical layout for 

the inclusion of graphics than does a single column per page format. 

Graphics were left out of the sample units tested during this study, 

however, in order to make a more accurate comparison of the sample test 

units with the original Unit. Also they were ommitted because the deve

lopment of the graphics to be included in the next Plant Diseases SRU 

edition had not yet been completed. 

In regards to students' type size/column preferences, hypothesis 

number one, which was stated at the outset of the study, predicted that: 

"Surveyed Arizona 9th and 10th grade vocational agriculture students 

will overall prefer the Pica type/single column format style for publi

cation of the Plant Diseases SRU." This hypothesis was put forth by the 

researcher in view of his expectation that students overall would prefer 

the Pica/single column sample unit because of its (1) big print, (2) 

simple single column per page format style, and (3) familiarity to the 

them—regardless of whether or not this unit actually proved in the 

study's quasi-experimental testing to be the most highly readable of the 

three format styles tested. Because students surveyed by the study 

actually did prefer this Pica/single column unit by a 2:1:1 ratio to the 



other two sample format units tested, the study's hypothesis number one 

must therefore be accepted as true. 

Type Size and Column Width Preferences 
of Students of Varying Reading 

Ability Levels 

A second specific objective of the study was to find out if 

students of low, medium and high reading ability levels, as measured by 

the California Achievement Test, tended to differ among themselves as to 

the Plant Diseases SRU format style they prefer. Table 2 below summa

rizes the data collected concerning participating students' reading 

ability grade equivalent level scores as determined by the California 

Achievement Test. Table 3 summarizes students' type size and column 

width preferences for the three sample units tested as cross tabulated 

by low, medium and high reading ability level student subgroups. 

TABLE 2. Reading Ability Scores of Sampled Arizona 9th and 10th Grade 
Vocational Agriculture Students As Grouped Into Low, Medium 
and High Reading Ability Level Subgroups (N=248) 

California Achievement Test 
Grade Equivalent Score 

Number of 
Students 

Percent of 
Students 

Low (less than 9.0)* 62 25 

Medium (9.0 to 10.9)** 57 23 

High (greater than 10.9)*** 129 52 

* less than freshman level 
a* freshman through sophomore level 
*** greater than sophomore level 
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From Table 2 It is noted that three-fourths of the Arizona 9th 

and 10th grade vocational agriculture students who participated in the 
b 

study read at or above their CAT-assigned reading ability grade level. 

Over one half of the sampled students read above their grade level. 

These findings concur with those of the Mulcahy (1981) study which indi

cated that Arizona vocational agriculture students as a whole read at or 

above their CAT-assigned grade equivalent level. 

Table 3 below summarizes the data collected concerning students' 

type size and column width preferences for the three units tested 

("Blue", "Brown" and "Green") as cross tabulated by low, medium and high 

reading ability level student subgroups. From this table it is noted 

that students of the three reading ability level subgroups analyzed for 

the study did not differ significantly among themselves as to their type 

size and column width preferences for the Plant Diseases SRU. Instead, 

all three of these subgroups tended within themselves to hold to an 

overall 2:1:1 trend of preference for the Pica/single column, Elite/ 

double column and Elite/single column formats respectively. 

Although preference differences between the three reading 

ability level subgroups were small, a noticeable 9% lower magnitude of 

preference for the Pica/single column format was observed for the low 

reading ability level subgroup in comparison to the high reading ability 

level student subgroup. This trend was unexpected as the researcher had 

anticipated that the lower reading ability level subgroup of students 

would prefer the large (Pica) type format more strongly than would the 

two higher reading ability level student subgroups because of its large 

print and simple single column per page format. Conversely, and 
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TABLE 3. Type Size and Column Width Preferences of Sampled Arizona 
9th and 10th Grade Vocational Agriculture Students of 
Varying Reading Ability Levels for the Plant Diseases 
SRU by Percent (N=248) 

Reading Ability Level (Grade Equivalent) 
Type Size/Column 
Format Preferred 

Loto 
(less than 9.0) 

Medium 
(9.0 - 10.9) 

High 
(greater than 10.9) 

Pica/Single 48.8% 52.6% 55.8% 

Elite/Double 27.4% 22.8% 24.0% 

Elite/Single 25.8% 24.6% 20.2% 

Total 100.0% 100.0% 100.0% 

likewise surprisingly, the low reading ability level subgroup of 

students showed a stronger preference for the small (Elite) type/double 

column per page format than did students of the two higher reading 

ability level subgroups. This was surprising because the researcher had 

expected this format to be most strongly preferred by the high reading 

ability student subgroup due to its small print and more sophisticated 

two column per page format style. The researcher offers no hypothesis 

as to the interesting data trends cited above. It should be pointed out 

out, however, that the magnitude of these preference differences between 

reading ability level student subgroups was probably much too small to 

be considered of great significance. 

In regards to students' type size/column preferences as analyzed 

by the study's three selected reading ability level subgroups, hypo

thesis number three predicted that: "Surveyed Arizona 9th and 10th grade 

vocational agriculture students of high reading ability will prefer an 
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Elite type/double column SRU format style more frequently than will 

students of medium or low reading ability. Conversely, low and medium 

reading ability students will prefer a Pica type/single column SRU format 

style more frequently than will students of high reading ability." 

This hypothesis was put forth by the researcher at the beginning 

of the study in view of his subgroup preference expectations explained 

two paragraphs prior. However, because students in the low reading 

ability level subgroup preferred the Elite/double column format unit 

more strongly than did students in the high reading ability subgroup, 

and because students in the high reading ability subgroup preferred the 

Pica/single column unit more strongly than did the students in the low 

reading ability subgroup, the study's hypothesis number three must 

necessarily be rejected as false. 

Student Preferences As to the Use or Non-use of 
Outline Symbols Along Page Margins to 

Help Indicate Topic Arrangement 

A third specific objective of the study was to determine whether 

Arizona 9th and 10th grade vocational agriculture students would prefer 

a format style for the Plant Diseases SRU that uses traditional outline 

symbols in the page margins to help indicate topic arrangement, or one 

which does not use such symbols. Table 4 below summarizes the data 

collected relative to this objective. 

From Table 4 it is noted that about two out of every three 

students surveyed preferred the use of traditional outline symbols in 

page margins to help indicate topic arrangement to the non-use of such 

symbols. This 2:1 preference/non-preference ratio held approximately 
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TABLE 4. Student Preferences by Percent as to the Use or Non-use 
of Outline Symbols Along Page Margins to Help Indicate 
Topic Arrangement for Three Selected Formats (N=248) 

Use of Outline Format (type size/columns per page) 
Symbols Preferred Pica/Single Elite/Double Elite/Single 

Yes 67.2% 70.6% 67.7% 

No 32.8% 29.4% 33.3% 

Total 100.0% 100.0% 100.0% 

constant for all three format style sample units tested. A slightly 

stronger preference for the use of marginal outline symbols with the 

Elite/double column per page sample unit, however, can be observed from 

the table. Such a trend, though slight, was anticipated by the resear

cher because of the more complicated layout appearance of the Elite/ 

double column per page sample unit. 

In regards to students' preferences as to the use or non-use of 

marginal outline symbols, hypothesis number two predicted that: 

"Surveyed Arizona 9th and 10th grade vocational agriculture students 

will overall prefer a Plant Diseases SRU format that uses traditional 

outline symbols to help indicate topic arrangement." Because students 

surveyed by the study preferred by a 2:1 ratio the use of outline 

symbols to their non-use, this hypothesis must therefore be accepted. 
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Analysis of Variance of Students' Reading 
Speed and Comprehension Scores Through 

the Three Sample Format Units 

The fourth specific objective of the study was to determine if a 

timed reading speed and comprehension test would reveal a statistically 

significant difference in readability for any of the three format styles 

tested. Table 5 below summarizes the data collected relative to this 

objective. Tables 6 and 7 below summarize the analysis of this data for 

statistical significance. 

From Table 5 it can be seen that some variance in mean student 

reading speed and comprehension scores through the three sample units 

was observed in the study's data. These variances did not prove to be 

statistically- significant, however, when analysis of variance calcula

tions for these data were carried out, as summarized in Tables 6 and 7. 

TABLE 5. Mean Reading Speed and Comprehension Scores of Students 
Through the Three Sample Units, Unadjusted for Reading 
Ability Levels of Students Within Each Assigned Unit 
(N=66 Pica/Single, N=70 Elite/Single, N=110 Elite/Double) 

Unit 
Mean Score Pica/single Elite/single Elite/double 

Speed* 492 472 467 

Comprehension** .55 .48 .53 

* number of words read during the three minute reading period 
** percentage of correct responses on a paper and pencil comprehension 

test following the three minute reading period, adjusted for how 
far each student read 
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TABLE 6. Analysis of Variance of Selected Arizona 9th and 10th 
Grade Vocational Agriculture Students' Reading Speeds 
Through Reference Units Having Three Selected Format 
Styles (N=246) 

Sum of 
Squares df 

Mean 
Square F 

Significance 
of F 

Covariate 
CAT* 

407313.588 1 407313.588 19.307 .001 

Main Effects 
Unit** 

17203.625 2 8601.813 .408 .666 

Explained 
Variance 

424517.213 3 141505.738 6.708 .001 

Residual 
Variance 

5126476.666 243 21096.612 

Total 5550993.879 246 22565.016 

* Reading ability level as measured by the California Achievement 
Test in grade equivalents 

** The three sample format units: Pica/single column, Elite/double 
column and Elite/single column 

Table 6 shows that participating students' reading speeds 

through the Plant Diseases SRU were not affected in a statistically 

significant way by manipulation of the Unit's format style. This is 

because the F value for variation in students' reading speeds due to use 

of the three sample SRU formats was statistically significant at only 

the .666 level. This would suggest that even though students showed a 

strong preference for the Pica/single column format during the study's 

collection of preference survey data and read slightly faster through 

this unit during reading speed testing, all three of the sample format 
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styles tested proved statistically in the study to be of more or less 

equal readability. 

It is also noted from Table 6 that the use of students' 

California Achievement Test grade equivalent reading ability scores as a 

moderator variable and covariate worked well for this analysis of 

variance. This is because the variation in students1 reading speeds 

through the three sample units due to reading ability differences was 

statistically significant in this ANOVA at the .001 level. 

A similar pattern of statistical significance, or lack thereof, 

was observed when an anaj.ysis of variance was conducted to determine the 

effect of the study's format manipulation upon participating students' 

comprehension (rather than reading speed) of the sample units. This 

pattern can be seen through investigation of the data found in Table 7. 

From Table 7 it is noted that participating students' reading 

comprehension scores through the sample units as measured by a paper and 

pencil test, were, like reading speed scores, not affected in a statis

tically significant way by manipulation of the units' format style in 

the three selected ways. This is because the F value for variation in 

students' reading comprehension scores due to the use of the sample unit 

formats was statistically significant at the .228 level. This suggests 

that even though students showed a strong preference for the Pica/single 

column format during the study's collection of preference survey data 

and had slightly better comprehension scores through this unit during 

comprehension testing, all three of the sample SRU format styles tested 

proved statistically in the study to be of more or less equal comprehen-

sibility. 
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TABLE 7. Analysis of Variance of Selected Arizona 9th and 10th 
Grade Vocational Agriculture Students' Comprehension 
Scores Through Reference Units Having Three Selected 
Format Styles (N=246) 

-
Sum of 
Squares df 

Mean 
Square F 

Significance 
of F 

Covariate 
CAT* 

3.097 1 3.097 45.435 .001 

Main Effects 
Unit** 

.190 2 .095 1.489 .228 

Explained 
Variance 

3.288 3 1.096 17.137 .001 

Residual 
Variance 

15.476 242 .064 

Total 18.764 245 .077 

* Reading ability level as measured by the California Achievement 
Test in grade equivalents 

** The three sample format units: Pica/single column, Elite/double 
column and Elite/single column 

Likewise, as with the reading speed ANOVA, it is noted from 

Table 7 that the use of students' California Achievement Test grade 

equivalent reading ability scores as a moderator variable and covariate 

worked well for this analysis of variance. This is because the vari

ation in students' reading comprehension scores through the sample 

units due to reading ability as measured by the California Achievement 

Test was, again, statistically significant in this ANOVA at the .001 

level. 

In regards to the effects of the study's format style manipu

lations on students' reading speed and comprehension scores through the 
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three sample Plant Diseases units, hypothesis number four predicted 

that: "A timed reading speed and comprehension test will reveal in a 

statistically significant way that the Elite type/double column SRU 

format style is more readable for surveyed students of low, medium and 

high reading ability levels than is the original Pica type/single column 

format style." This hypothesis was put forth by the researcher at the 

beginning of the study in view of the study's review of literature 

findings that indicated that: (1) Elite (small) type is as easy to read 

as is Pica (large) type for tested readers, and that (2) the 7-inch 

column widths of the Pica/single column sample unit exceeded recommended 

column width readability standards, whereas the 3-inch column width for 

the Elite/double column sample unit did not exceed these standards. The 

study's findings, however, indicated that all three sample units tested 

were of more or less equal readability. This would require that the 

study's hypothesis number four be rejected as false. 

Summary 

From the data presented in this chapter it is possible to answer 

the questions formulated at the outset of this study. The first ques

tion asked was: "Will a survey of Arizona 9th and 10th grade vocational 

agriculture students reveal that they prefer a Pica type/single column 

per page, Elite type/single column per page, or Elite type/double column 

per page format style for publication of the Plant Diseases SRU?" Based 

upon a sample size of 248 students, it was determined that approximately 

53% of these students preferred the Pica/single column ("Blue") format, 

25% preferred the Elite/double column ("Green") format, and 23% 
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preferred the Elite/single column ("Brown") format. This resulted in an 

approximate 2:1:1 student preference ratio for the Pica/single column, 

Elite/double column, and Elite/single column sample formats respectively. 

The second question asked at the beginning of the study was: 

"Will a survey of Arizona 9th and 10th grade vocational agriculture 

students reveal that they prefer a format style for the Plant Diseases 

SRU that uses traditional outline symbols to help indicate topic 

arrangement, or one which does not use such symbols?" Based upon a 

sample size of 248 students, it was determined that approximately two 

out of every three students surveyed preferred the use of outline sym

bols for all three sample units tested. A slightly stronger outline 

symbol use preference ratio (70.6/29.A), however, was observed for the 

Elite/double column sample unit. This trend was anticipated by the 

researcher, however, in view of this unit's more complicated layout 

appearance. 

The third question asked at the beginning of the study was: 

"Will a survey of Arizona 9th and 10th grade vocational agriculture 

students of low, medium and high reading ability levels, as measured by 

the California Achievement Test, tend to differ among themselves as to 

the Plant Diseases Student Reference Unit format style preferred?" 

Based upon a sample size of 248 students, it was determined that 

students of the three reading ability level subgroups analyzed for the 

study did not differ significantly among themselves as to which of the 

three sample format units they preferred. Instead, all three of these 

subgroups tended within themselves to hold to a 2:1:1 trend of prefer-

rence for the Pica/single column, Elite/double column, and Elite/single 
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column sample format units respectively. The low reading ability level 

subgroup of students, however, did surprisingly prefer the simpler Pica/ 

single column unit somewhat (9%) less strongly, and the more complicated 

Elite/double column unit somewhat (4.6%) more strongly than did the high 

reading ability level student subgroup. The researcher, again, offers 

no hypothesis as to why this trend occurred. 

The fourth question asked at the beginning of the study was: 

"Will a timed reading speed and comprehension test reveal a statisti

cally significant difference in readability for any of the format styles 

tested?" Based upon analysis of variance computations with data from 

246 students, it was determined that all three of the sample Plant 

Diseases units tested by the study were of more or less equal reada

bility for the students tested. This determination is based upon the 

calculation of statistically insignificant F values of .666 and .228 

respectively for effect of format on students1 reading speed and 

comprehension scores through the sample format units. 



CHAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

This chapter presents the summary, conclusions and recommen

dations which are based upon the findings in Chapter 4. 

Statement of Purpose 

The purposes of this study were to (1) determine the preferences 

of selected Arizona 9th and 10th grade vocational agriculture students 

in regards to selected format style factors for the University of 

Arizona Department of Agricultural Education Plant Diseases Student 

Reference Unit, and (2) determine whether the readability of this Unit 

could be improved through manipulation of these selected format style 

factors. 

Objectives 

In an effort to meet the aforementioned purpose, the following 

questions were identified: 

1. Will a survey of Arizona 9th and 10th grade vocational agricul

ture students reveal that they prefer a Pica type/single column 

per page, Elite type/single column per page, or Elite type/ 

double column per page format style for publication of the 

Plant Diseases Student Reference Unit? 

2. Will a survey of Arizona 9th and 10th grade vocational 

agriculture students reveal that they prefer a format style 
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for the Plant Diseases SRU that uses traditional outline symbols 

to help indicate topic arrangement, or one which does not use 

such symbols ? 

Will a survey of Arizona 9th and 10th grade vocational agricul

ture students reveal that students of low, medium and high 

reading ability levels, as measured by the California 

Achievement Test, tend to differ among themselves as to the 

Plant Diseases SRU format style preferred? 

Will a timed reading speed and comprehension test reveal a 

statistically significant difference in readability for any of 

the format styles tested? 

Method of Investigation 

The general procedures utilized in this study were designed to: 

develop a survey instrument for use in assessing students' type 

size, column width and outline symbol use or non-use preferences 

for the University of Arizona Agricultural Education Plant 

Diseases Student Reference Unit. 

develop an evaluative instrument for use in determining the 

average reading speeds of students through three sample Plant 

Diseases units of varying format style. 

develop an evaluative instrument for use in determining the 

average reading comprehension of students through three sample 

Plant Diseases units of varying format style. 

obtain data pertaining to students' reading ability levels as 

measured by the State of Arizona-administered California 

Achievement Test. 
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5. analyze data to determine the type size, column width and 

outline symbol use or non-use preferences of students overall, 

and of low, medium and high reading ability level subgroups of 

students in particular for the Plant Diseases SRU. 

6. analyze data to determine the average reading speeds of students 

overall, and of low, medium and high reading ability level 

subgroups of students in particular through three sample Plant 

Diseases units of varying format style. 

7. analyze data to determine the average comprehension of students 

overall, and of low, medium and high reading ability level sub

groups of students in particular through three sample Plant 

Diseases units of varying format style. 

Summary of Findings 

The summary of the findings from this study will be reviewed in 

relation to the specific objectives formulated at the outset of the 

study. It will be reported objective by objective using the following 

headings: (1) Type Size and Column Width Preferences of Students, 

(2) Type Size and Column Width Preferences of Students of Varying 

Reading Ability Levels, (3) Student Preferences as to the Use or Non-use 

of Outline Symbols Along Page Margins to Help Indicate Topic Arrangement, 

and (4) Analysis of Variance of Students' Reading Speed and Comprehension 

Scores Through the Three Sample Format Units. In addition, one question 

not directly related to the specific objectives of the study but germane 

to it was answered by the study. Its findings will be discussed under 
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the heading: (5) Students' Preferences as to the Use of a Spiral or 

Solid Type of Book Binding. 

Type Size and Column Width Preferences of Students 

Approximately 53% of the surveyed students liked the Pica 

(large) type/single column format (Appendix C) best, with the Elite 

(small) type/double column format (Appendix E) being preferred by 

approximately 25% of the students surveyed, and the Elite type/single 

column format (Appendix D) being preferred by roughly the remaining 23% 

of surveyed students. This gave an approximate 2:1:1 preference ratio 

for the "Blue", "Green" and "Brown" units respectively. The high ratio 

of preference for the Pica/single column unit, however, may have been 

Influenced by (1) students' familiarity with this format style due to 

previous exposure to other University of Arizona Agricultural Education 

Student Reference Units, and (2) the lack of graphics in the sample 

units tested. 

Type Size and Column Width Preferences of 
Students of Varying Reading Ability Levels 

Students of low (less than 9th grade), medium (9th through 10th 

grade) and high (greater than 10th grade) reading ability level sub

groups all tended within themselves to hold to the overall 2:1:1 trend 

of preference for the Pica/single column, Elite/double column and Elite/ 

single column formats respectively that was observed for students as a 

whole. A noticeable 9% lower magnitude of preference for the Pica/ 

single column format was observed for the low reading ability level 

student subgroup in comparison to the high reading ability level 
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subgroup. Conversely, the low reading ability level subgroup of 

students showed a 4.6% greater magnitude of preference for the Elite/ 

double column format than did the high reading ability level subgroup of 

students. This trend contradicted what had been hypothesized by the 

researcher. The magnitude of these preference differences between 

reading ability level student subgroups, however, was probably much too 

small to be considered of great significance. 

Student Preferences as to the Use or Non-use of Outline Symbols 
Along Page Margins to Help Indicate Topic Arrangement 

Approximately two out of every three students surveyed preferred 

the use of traditional outline symbols in page margins to help indicate 

topic arrangement to the non-use of such symbols. This 2:1 preference/ 

non-preference ratio held approximately constant for all three format 

style sample units tested (Pica/single » 67.2/32.8, Elite/double = 

70.6/29.4, Elite/single = 67.7/33.3). A slightly stronger preference 

for the use of outline symbols with the Elite/double column per page 

sample unit, however, was observed. This trend had been anticipated by 

the researcher because of the more complicated layout appearance of the 

Elite/double column per page sample unit. 

Analysis of Variance of Students' Reading Speed and 
Comprehension Scores Through Three Sample Format Units 

An ANOVA F value of .408 for variation in students' reading 

speeds due to the use of the three sample SRU formats tested by the 

study was computed during the study's analysis of data. This F value 

has a significance level of .666—which is statistically insignificant. 

Correspondingly, an ANOVA F value of 1.489 for variation in students'' 
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reading comprehension scores due to the use of the three sample units 

tested by the study was computed during the study's analysis of data. 

This F value has a significance of .228—which is, again, statistically 

insignificant. These findings indicated that all three of the sample 

units tested by the study were of more or less equal readability. 

Students Preferences as to the Use of a Spiral or Solid type of Book 
Binding 

Approximately 89% of the students surveyed preferred the 

spiral-bound Plant Diseases sample unit to the solid-bound one. This 

provided an approximate 9:1 ratio of preference in favor of the spiral 

binding. The researcher Speculates that this overwhelming student 

preference for the spiral-bound sample units was due to their ability to 

be folded back when opened for easier holding when reading. 

Conclusions 

Based upon the findings of the study, the following conclusions 

were drawn: 

1. Arizona 9th and 10th grade vocational agriculture students 

prefer a Pica type/single column, spiral-bound format that has 

traditional outline symbols in the margins to help indicate 

topic arrangement for publication of the University of Arizona 

Agricultural Education Plant Diseases Student Reference Unit. 

2. The readability of the University of Arizona Agricultural 

Education Plant Diseases Student Reference Unit as measured by 

reading speed and comprehension scores of Arizona 9th and 10th 

grade vocational agriculture students is not improved in a 



statistically significant way by changing from a Pica/single 

column format to an Elite/single column or an Elite/double 

column per page format for publication of the Unit. 

Recommendations 

Based upon the findings and conclusions of this study of 

readabilities of vocational agriculture student reference units of 

varying format styles, the researcher makes the following recommen

dations : 

1. University of Arizona Agricultural Education Student Reference 

Units published in the.future should use traditional outline 

symbols along their margins to help indicate topic arrangement 

and be spiral rather than solid-bound. 

2. The basic linguistics principles discussed in this study's 

review of literature should be referred to and their sugges

tions implemented during the development of written texts for 

future-published University of Arizona Agricultural Education 

SRU's, or during the re-writing of texts for presently-

published SRU's. 

3. The study should be repeated using the three ("Blue", "Brown" 

and "Green") sample units from this study after graphics have 

been added to them, and using beginning-of-the-year freshman 

vocational agriculture students who have not yet been exposed 

to any University of Arizona Agricultural Education SRU 

publications as participating students for the study. 



APPENDIX A. 

Teacher Recruitment Letter 

teste 
k̂ .4 

T H E  U N I V E R S I T Y  O F  A R I Z O N A  
T U C S O N ,  A R I Z O N A  8 5 7 2 1  

C O L L E G E  O F  A G R I C U L T U R E  

DEPARTMENT OF AGRICULTURAL EDUCATION 

March 2, 1982 

MEMORANDUM 

TO: 

FROM: Floyd G. McCormick and Steve Schinpp 

SUBJECT: SRU Formac Style Study 

A study aimed at making Arizona's vocational agriculture student 
reference units more readable Is about to begin. This study will 

survey 9th and 10th grade vocational agriculture students to find 
out which format style for the SRU's they prefer from a set of sample 
pages. It will also test to see which page style is most easily read 
by students as measured by reading speed and comprehension rates. 
This Information will enable the department to select the best possible 
format style for publication of future student reference units. 

In order to carry out this study, we will need your help! Volunteer 
classes of 9th and 10th grade vocational agriculture students are 
needed for participation In the study. Your 9th and 10th grade classes 
in particular are being recruited for Involvement because they have 
recently taken the California Achievement Test. CAT results will be 
needed to aid in analysis of study data. 

Approximately two hours of time will be required for participation 
in the study. One hour will be spent overvrlewlng the study's procedure 
and materials, assigning Identification numbers to students and mailing 
materials back to the University. The remaining time will be used to 
administer both the format preference survey and the SRU reading speed 
and comprehension test during a single classroom period. 

Only classes that have not been taught the Plant Diseases SRU may 
participate in the study. This is because sample pages to be tested 

will be taken from this unit. Previous exposure to the utlit would 
affect the accuracy and reliability of test results. 

Teachers wishing to participate in the study can make arrangements to 

receive graduate credit for their Involvement. This credit will be 
awarded under AED 599 Independent Study (1 unit). 
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March 2, 1982 

Page Two 

We hope your 9th and 10th grade classes will participate in this 

worthwhile study. If you agree to participate, please fill out the 
form below and return it to us as soon as possible to express your 

desire to be involved. 

Vie hope to hear from you. 

SRU FORMAT STYLE STODY 

1. School: _ 

2. Teacher (a): 

3. Number of 9th grade classes: 

A. Number of 9th grade students: -

5. Number of 10th grade classes: 

6. Number of 10th grade students: 

7. Has Plant Diseases been taught? Yes 

8. Have students taken the CAT? Yes 

9. Are you Interested in receiving graduate credit? 

No 

No 

Yea No 



APPENDIX B. 

Procedural Outline 

L. Write down student code numbers on data sheet. 

2. Roll Dice to assign students to books. 
a. 1 & 6 » blue 
b. 2 S 5 • brown 

c. 3 & 4 • green 

3. Explain purpose and procedure to students. 
a. my name 

b. to determine best way to type and bid future SRU's 
c. 3 type styles to be tested/2 bindings 
d. answers to be put on survey sheets 
e. give your opinion, not your neighbors 
f. no wrong answers/anonymous 
g. no looking or talking 

h. come forward to get books 

4. Distribute one blue, brown and green book to each student. 
a. keep books in three separate piles 
b. alternate swquence in which handed out 

c. students check to make sure have one of each 

5. Distribute survey instrument. 

6. Tell students to write school and their student # on p.l. 

7. Tell students their Individual code numbers. 

8. Cuide them through questions 1-4 (do not turn survey page when finished). 

9. Guide them through question 5 (do not turn survey page when finished). 

10. Guide them through question 6 (do not turn survey page when finished). 

11. Explain that each student will only keep one book for Part II. 

L2. Keep remaining book closed until told to open it. 

13. Tell students which book to keep per il2. 

14. Collect extra books. 

15. Explain reading test (Part II). 
a. read for three minutes then lightly circle last word read in pencil 
b. read at normal speed (anonymous, will have to answer questions) 
c. start at "Classification of Plant Diseases" 

16. Start the test. 
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17. Time the 3 minutes. 

18. Stop—circle lightly In pencil the last word read. 

19. Close books. 

20. Open survey Instruments to page 2. 

21. Enter Unit read on top line. 

22. Make sure survey has 30 questions. 

23. Answer all questions with book closed. 

24. Answer all questions even if you have to guess. 

25. Take as much time as you need. 

26. When finished, put survey paper in SRU and hand in. 



APPENDIX C. 

Pica Type/Single Column ("Blue") Sample Unit 

Cphoto-reduced) 
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tion(s) of a plant to a pathogen- They indicate that a 

disease is severely affecting the growth of a plant. The 

presence of a particular plant disease may also be indicated 

by a disease sign. A disease sign is the presence of a path

ogen on the host plant. Signs are not some result (symptom) 

caused by the pathogen, but are visual observations of the 

pathogen itself. 

CLASSIFICATION OF PLANT DISEASE 

Plant diseases are classified for recognition purposes, 

which aid in selecting control measures for a particular dis

ease. The cause of the disease must be identified before the 

disease can be controlled. Plant diseases are commonly clas

sified according to symptoms and causal agents. 

Classification Based on Symptoms 

One method of classification of plant diseases is based 

upon symptoms. A symptom is a visible indication of the 

reaction of the plant to a disease. Five symptoms of 

plant disease are superficial, necrosis, hypoplasia, hyper

trophy , and wilt. 

Superficial: 

Diseases in which the organism lives on the surface of 

the plant tissue are referred to as superficial diseases. They 

are caused by microorganisms that land on and invade the epi

dermal cells of the plant. Pathogens penetrate the surface of 

plant tissue through the growth of haustoria (food absorbing 

cells) which puncture the outer layer of plants. 

These diseases cause a reduction in thriftiness of the 

whole plant which is reflected in reduced yield. They dis

rupt the plant processes in such a manner that photosynthesis 



66 

is slowed down and the food that is manufactured is used for 

the repair of vital plant tissue and for providing energy to 

combat the disease rather than producing a crop. 

Powdery mildews are examples of superficial diseases. 

Necrosis: 

Destruction of tissue, referred to as necrosis, is another 

common symptom. It may be general or local. It is caused by 

microorganisms that keep growing as long as there is suscep

tible plant tissue on which to live. As soon as the tissue is 

destroyed, the organism either becomes dormant or dies. 

General necrosis may affect the whole plant but normally 

only fleshy organs such as fruits and bulbs are affected. 

Watery brown rot of lettuce, brown rot of peaches, and soft 

rot of sugar beets are examples of general necrosis. 

Local necrosis is usually limited in its extent of 

infection. Often the lesions are characteristic in shape, 

size, pattern, and color. Angular leaf spot in cotton, fire 

blight, and Texas root rot are examples of local necrosis. 

Hypoplasia: 

Underdevelopment (hypoplasia) is the stunting or dwarfing 

of a plant. It may be caused by a virus such as sugar beet 

yellows and mosaic dwarf of potatoes; or it may be caused by 

a fungus such as dwarf bunt of wheat. 

Underdevelopment of above ground parts of plants may 

also result from destruction of roots, a severe deficiency 

of soil moisture and/or nutrients. 



Hypertrophy: 

Overgrowth (hypertrophy) may be evidenced by distor

tions, deformations, and galls. They may be caused by viruses, 

fungi, nematodes, bacteria, or insects. 

Some chemicals including the "growth hormones", the 

growth modifiers, and the weed killer 2,4-D may also cause 

abnormal growth in plants. 

Corn smut, potato wart, cabbage club root, crown gall, 

and root knot are examples of hypertrophy diseases. 

Wilt: 

A plant pathogen in the vascular system which inter

feres with water uptake and food transportation can cause 

wilt. Wilting may also be caused by excessive transpiration 

or lack of absorption of water by the roots. 

Plants with wilt symptoms usually show discoloration of 

the root and/or stem vascular systems. Verticillium wilt, 

fusarium wilt, and bacterial wilt are examples of the wilts 

that attack plants. 

Classification Based on Causal Agents 

As previously mentioned, a causal agent is a pathogen 

or other agent that produces a disease in the host under the 

proper environmental conditions. 

Plant diseases do not just happen. They are caused by 

(a) parasites such as bacteria, fungi, viruses, and nematodes, 

and by (b) non-parasites such as deficiencies of certain 

essential plant nutrients, unbalanced physiological processes 

or mechanical injuries. 
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PARASITIC CAUSES OF PLANT DISEASES 

A parasite is a living organism that obtains its food 

wholly or in part from another living organism. Parasites 

are detrimental to the organisms on which they feed due to 

direct competition for plant nutrients. 

Bacteria 

Bacterial plant pathogens are microscopic, rod-shaped, 

single-celled plants that multiply (reproduce) by dividing. 

They range in size from 2 to 4 microns in length ( a micron is 

one-thousandth of a millimeter). Under favorable conditions 

they may divide as often as once every twenty minutes which 

accounts for their vast numbers. A single bacterium could 

produce over 47,000,000,000 descendants in a 12-hour period. 

Fortunately, most bacteria are beneficial and only 170 dif

ferent kinds of bacteria are capable of producing a disease 

condition in plants. Bacteria cannot penetrate directly into 

plants; they must make entry through the stomata, wounds, or 

be deposited by a feeding insect. 

Many bacterial diseases affect plants. Common examples 

of diseases caused by bacteria are described in the follow

ing paragraphs. 

Galls: 

Galls are localized swellings or outgrowths caused by 

bacteria. Galls appear on roses, grapes, fruit trees, 

blackberries, and other species. These galls are found most 

commonly on roots and crowns of plants, but occasionally may 

be observed on above-ground parts, especially if the disease-

producing bacteria are introduced during budding or grafting. 
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Blights: 

The term "blight" refers to a rapid discoloration and 

death of tissue over certain portions of plants. Severe cases 

of infection may result in the death of affected plants. Fire 

blight and bacterial blights of beans are examples of blight 

diseases. 

Fire blight occurs on apple, pear, apricot, loquat, 

spiraea, photinia, pyrancantha, and many other species. The 

bacteria overwinter in "hold-on" cankers and in the spring, 

the bacteria ooze from these cankers and are spread by ants 

and flies to the blossoms. The blossom is the first part 

of the plant affected in the case of fire blight. 

Leaf spots: 

Leaf spot disease organisms produce lesions on leaves, 

stems, and fruit. The lesions first appear water-soaked and 

later become necrotic (dead). Leaf lesions are frequently 

surrounded by chlorotic (yellow) bands. 

Angular leaf spot of cotton and bacterial spot of peach 

are examples of leaf spot disease. 

Soft rots: 

Soft rot is caused by bacteria and is common to all vege

tables and many fruits. It is often found on grocery store 

produce counters when the stock is not fresh. 

A soft, mushy rot is characteristic of most vegetables 

affected by soft rot. Variations as to color, odor, and 

consistency are encountered among different vegetables. 
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Wilts: 

Bacterial wilts are caused by a rapid multiplication of 

bacteria and the formation of slime that plugs the food and 

water-conducting channels of the plant. Wilts affect all por

tions of the plant. Plants become dwarfed and reduced in 

vigor, the leaves are small and yellowish, and the plants 

finally wilt and die. 

Bacterial wilt of cucurbits is a common wilt disease. 

Fungi 

Fungi are tiny, thread-like microscopic plants, commonly 

called molds. Fungi are living plants but do not contain 

chlorophyll with which to manufacture food.' Most fungi repro

duce by the formation of spores. These spores are produced 

on the tips of the thread-like branches or in specialized 

structures. Spores are produced in large numbers, sometimes 

millions on a single plant. The thread-like plant body of a 

fungus penetrates a plant by growing into a wound, through a 

natural opening, or by forcing its way directly through a 

plant's epidermal layer. 

Common plant disease caused by fungi are as follows: 

Wilts: 

Fusarium and verticillium wilts are caused by fungi which 

affect many hosts. Fungi causing wilts often build up in soil 

on which susceptible crops have been grown for several seasons. 

These fungi are able to penetrate the roots, grow into the 

vascular vessels, and plug them. Plants affected in this man

ner may revive during the night and wilt the following day. 
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Rusts: 

Southwestern cotton rust affects the leaf and bolls 

of growing cotton plants. The disease starts as small yellow 

spots about the size of a pinhead on the upper surface of 

the cotton leaves. These spots enlarge and soon yellow 

spores being to appear on the bottom of the leaf. The patho

gen overwinters on grama grass. 

Root rots: 

There are numerous fungi which cause root rots including 

the Texas root rot fungus which affects over 2,000 species of 

broad leaved plants including alfalfa, cotton, and ornamentals. 

The pathogen destroys the outer layer of the roots and causes 

the plant to wilt. When the plant is pulled from the soil, 

the bark of the roots is dead and may slip easily. 

Powdery mildew : 

A superficial white to light grayish, powdery to mealy 

coating on leaves, buds, flowers, and young shoots is exhi

bited by the plant. Powdery mildew is common on many plants. 

Damping off : 

Damping off fungi attack young plants shortly after 

germination, either before or after they emerge from the 

soil. Lesions or dead spots are visible on the young plants 

near the soil line. These lesions may cause death or severe 

stunting. 

Viruses 

Most plant viruses are rod or spherical shaped particles 

that are so tiny that they can only be observed through the 
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use of an electron microscope. They are not considered as 

living organisms, although they have the capacity to multi

ply. They cannot grow outside of living cells, but some can 

be carried over a year or more in dead plant tissue. Virus 

particles may enter plants by mechanical inoculations, insect 

feeding, or vegetative propagation. Viruses are also carried 

in seed, tubers, and bulbs. 

The following are common diseases caused by viruses; 

Dwarfing: 

Barley yellow dwarf virus causes a stunting 

early stages of growth and a yellowing of leaves 

and later stages of growth followed by the death 

tissue. Yields are reduced. 

Mosaics : 

Tobacco mosaic virus produces a mottle, light and dark-

green spots on tomatoes. Leaves may become drawn and appear 

crinkled. 

Cucurbit viruses: 

Cucurbit viruses have effects ranging from severe stunt

ing to distortions and from mosaic (spotty) to chlorosis 

(yellowing). They infect all species of cucurbits including 

cucumber, watermelon, and squash. 

Nematodes 

Nematodes are slender, threadlike roundworms about 1/70 

of an inch in length. They are animals that feed on cell 

sap in plant tissue, thus interfering with plant growth. 

of plants in 

at both early 

of leaf 



Nematodes may attack any part of a plant, including the roots, 

stems, leaves, flowers, and fruit. 

There are two basic types of nematodes; one type attacks 

plant roots while the other attacks stems. 

Rootknot. nematodes: 

Rootknot nematodes affect many species of plants of 

which cotton is a prime example in the Southwest. These 

nematodes exhibit below-ground symptoms. The nematode enters 

the roots and causes a multiplication of cells due to physio

logical disturbances. This multiplication of plant cells 

results in gall formation which blocks the vascular system. 

Thus, plants become stunted, wilted, and yields are reduced. 

Stem nematodes : 

Plants heavily infested with alfalfa stem nematode will 

fail to produce stems long enough for harvest during the 

growing season. The stems are greatly shortened, thickened 

and club-like. Crown buds, infested with nematodes, become 

swollen and distorted, and will break off easily. 

NON-PARASITIC CAUSES OF PLANT DISEASES 

Non-parasitic diseases are unhealthy plant conditions 

brought about by something other than a living organism. The 

following are common causes of non-parasitic diseases. 

Soil Conditions 

Many cases of weak and unthrifty plants are due to soil 

conditions. The physical structure of the soil may have a 

direct effect on plants if it is so hard and compact as to 
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prevent normal penetration and development of roots. A hard 

pan near the soil surface prevents normal root growth. Heavy 

clay soils may prevent proper drainage? sandy or gravelly 

soils have poor water holding capacity. 

Deficiency of soil moisture causes stunting, premature 

ripening and death in case of severe drought. Extensive and 

pronounced drought injury is clearly recognizable, but milder 

forms are sometimes difficult to diagnose, especially if 

plants are affected by parasitic diseases. Excfess soil mois

ture causes indirect injury; the water itself is not usually 

injurious, but it can reduce the amount of oxygen to the 

•danger point or even beyond. 

Both a deficiency or an excess of a major or minor plant 

nutrient can cause disease symptoms. For example, a deficien

cy of nitrogen causes yellowish, reddish or purplish tints, 

subnormal growth and poor seed or fruit production. An ex

cess of nitrogen causes succulent growth, delayed ripening, 

and consequent increased susceptibility to diseases, heat, 

and drought injury. Soil pH has a decided effect upon plant 

growth. Most agriculture plants grow well in soils with a 

pH ranging from about 4 to 8. Excessive salt in the soil 

may also cause plants to become weakened or even die. 

The presence of lime, as calcium carbonate, may bring 

about an excess of hydroxyl ions around soil particles. 

Under these conditions, the elemental iron in soil solution 

is precipitated (becomes unavailable) and the roots fail to 

pick it up. Since iron is esential to the formation of 

chlorophyll this lack causes the plant to become chlorotic. 

Mechanical and Chemical Injury 

A farmer's cultural practices may injure plants. Too 

deep or too close cultivation may cause mechanical injury. 



Fungicides when improperly used may cause russeting of leaves 

and fruit, leaf and fruit drop and scorch. Insecticides may 

accumulate in the soil resulting in injury to fruit trees. 

Herbicides such as 2,4-D may cause severe injury to plants 

at a susceptible stage. 

Insect Injury 

All species of plants are affected to some extent by 

insects. Insects may damage roots, stems, leaves, flowers, 

fruit or seeds. They may physically destroy plant tissue or 

cause weak and unhealthy plant conditions by sucking essen

tial plant nutrients from various parts of the plant. In

sects also spread many important parasitic causal organisms 

from plant to plant. 

Climatic Conditions 

Many climatic conditions cause disease directly and can 

also affect the development of* parasitic diseases. All 

higher plants require sunlight for photosynthesis. Light 

deficiency causes weak, spindly growth and general under

development. Alfalfa and oats require long days; soybeans 

need short days; ' other crops are indifferent. Certain crop 

varieties mature many weeks later than others,thus they are 

longer in jeopardy of damage from unfavorable weather and 

attack by diseases. Summer heat, winter cold and unseason

able frosts can injure or destroy a high percentage of crop 

plants even in areas where they are adapted. Tropical and 

sub-tropical plants are easily injured by frost, while crops 

in temperate climates are more resistant. Tomatoes are often 

"cooked on the vine" when high temperatures follow moist, 

cloudy weather. "Smudge pots" protect citrus against frost; 

heated greenhouses protect plants against winter cold. 



Relative humidity of the air obviously has an effect on 

the rate of transpiration of plants. The combination of heat, 

wind and low relative humidity can cause extensive injury or 

death to plants. Wind, heavy rain, sleet, hail or lightning 

may cause direct or indirect injuries which reduce the vigor 

of the plant and provide avenues of entrance for parasitic 

organisms. 

Genetic Disturbances 

Abnormalities may be caused by genetic disturbances in 

the plant itself. Genetic mutations occur in many plants. 

While such mutations may produce a superior variety with 

outstanding characteristics, they may also produce poor and 

unthrifty plants. 

METHOD OF PLANT DISEASES CONTROL 

Any method used to control a plant disease is directed 

towards the reduction in the amount of injury it may cause. 

There are four main methods of plant disease control: 

exclusion, eradication, protection and use of resistant 

varieties. 

Exclusion 

Exclusion refers to measures designed to keep pathogens 

from entering the area or sphere in which the host is growing 

or to reduce, to a minimum, the extent to which the pathogen 

is introduced. The sphere may include flats, greenhouses, 

gardens, fields, regions, countries, and continents. These 

measures include compulsory quarantines and inspection, em

bargoes , voluntary inspection and certification of planting 

stocks, together with their production in areas where the 

pathogen is minimized or excluded by unfavorable environment 

and inspection of perishable fruits and vegetables at shipping 

points. 
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tion(s) of a plant to a pathogen. They indicate that a 

disease is severely affecting the growth of a plant. The 

presence of a particular plant disease may also be indicated 

by a disease sign. A disease sign is the presence of a path

ogen on the host plant. Signs are not some result (symptom) 

caused by the pathogen, but are visual observations of the 

pathogen itself. 

CLASSIFICATION OF PLANT DISEASE 

Plant diseases are classified for recognition purposes, 

which aid in selecting control measures for a particular dis

ease. The cause of the disease must be identified before the 

disease can be controlled. Plant diseases are commonly clas

sified according to symptoms and causal agents. 

Classification Based on Symptoms 

One method of classification of plant diseases is based 

upon symptoms. A symptom is a visible indication of the 

reaction of the plant to a disease. Five common symptoms of 

plant disease are superficial, necrosis, hypoplasia, hyper

trophy, and wilt. 

Superficial: 

Diseases in which the organism lives on the surface of 

the plant tissue are referred to as superficial diseases. 

They are caused by microorganisms that land on and invade 

the epidermal cells of the plant. Pathogens penetrate the 

surface of plant tissue through the growth of haustoria 

(food absorbing cells) which puncture the outer layer of 

plants. 



These diseases cause a reduction in thriftiness of the 

whole plant which is reflected in reduced yield. They disrupt 

the plant processes in such a manner that photosynthesis is 

slowed down and the food that is manufactured is used for the 

repair of vital plant tissue and for providing energy to combat 

the disease rather than producing a crop. 

Powdery mildews are examples of superficial diseases. 

Necrosis; 

Destruction of tissue, referred to as necrosis, is another 

common symptom. It may be general or local. It is caused by 

microorganisms that keep growing as long as there is suscep

tible plant tissue on which to live. As soon as the tissue is 

destroyed, the organism either becomes dormant or dies. 

General necrosis may affect the whole plant but normally 

only fleshy organs such as fruits and bulbs are affected. 

Watery brown rot of lettuce, brown rot of peaches, and soft 

rot of sugar beets are examples of general necrosis. 

Local necrosis is usually limited in its extent of infec

tion. Often the lesions are characteristic in shape, size, 

pattern and color. Angular leaf spot in cotton, fire blight, 

and Texas root rot are examples of local necrosis. 

Hypoplasia: 

Underdevelopment (hypoplasia) is the stunting or dwarfing 

of a plant. It may be caused by a virus such as sugar beet 

yellows and mosaic dwarf of potatoes; or it may be caused by 

a fungus such as dwarf bunt of wheat. 



Underdevelopment of above ground parts of plants may also 

result from destruction of roots, a severe deficiency of soil 

moisture and/or nutrients. 

Hypertrophy i 

Overgrowth (hypertrophy) may be evidenced by distortions, 

deformations, and galls. They may be caused by viruses, fungi, 

nematodes, bacteria, or insects. 

Some chemicals including the "growth hormones", the 

growth modifiers, and the weed killer 2,4-D may also cause 

abnormal growth in plants. 

Corn smut, potato wart, cabbage club root, crown gall, and 

root knot are examples of hypertrophy diseases. 

Wilt: 

A plant pathogen in the vascular system which interferes 

with water uptake and food transportation can cause wilt. 

Wilting may also be caused by excessive transpiration or lack 

of absorption of water by the roots. 

Plants with wilt symptoms usually show discoloration of 

the root and/or stem vascular systems. Verticlllium wilt, 

fusarium wilt, and bacterial wilt are examples of the wilts 

that attack plants. 

Classification Based on Causal Agents 

As previously mentioned, a causal agent is a pathogen or 

other agent that produces a disease in the host under the 

proper environmental conditions. 



Plant diseases do not just happen. They are caused by 

(a) parasites such as bacteria, fungi, viruses, and nematodes, 

and by (b) non-parasites such as deficiencies of certain 

essential plant nutrients, unbalanced physiological processes 

or mechanical injuries. 

PARASITIC CAUSES OF PLANT DISEASES 

A parasite is a living organism that obtains its food 

wholly or in part from another living organism. Parasites 

are detrimental to the organisms on which they feed due to 

direct competition for plant nutrients. 

Bacteria 

Bacterial plant pathogens are microscopic, rod-shaped, 

single-celled paints that multiply (reproduce) by dividing. 

They range in size from 2 to 4 microns in length (a micron 

is one-thousandth of a millimeter). Under favorable condi

tions they may divide as often as once every twenty minutes 

which accounts for their vast numbers. A single bacterium 

could produce over 47,000,000,000 descendants in a 12-hour 

period. Fortunately, most bacteria are beneficial and only 

170 different kinds of bacteria are capable of producing a 

disease condition in plants. Bacteria cannot penetrate 

directly into plants; they must make entry through the 

stomata, wounds, or be deposited by a feeding insect. 

Many bacterial diseases affect" plants. Common examples 

of diseases caused by bacteria are described in the 

following paragraphs. 

Galls: 

Galls ar.e localized swellings or outgrowths caused by 



bacteria. Galls appear on roses, grapes, fruit trees, black 

berries, and other species. These galls are found most com

monly on roots and crowns of plants, but occasionally may 

be observed on above-ground parts, especially if the disease-

producing bacteria are introduced during budding or grafting. 

Blights : 

The term "blight" refers to a rapid discoloration and 

death of tissue over certain portions of plants. Severe 

cases of infection may result in the death of affected 

plants. Fire blight and bacterial blights of beans are ex

amples of blight diseases. 

Fire blight occurs on apple, pear, apricot, loquat, 

spiraea, photinia, pyracantha, and many other species. The 

bacteria overwinter in "hold-on" cankers and in the spring, 

the bacteria ooze from these cankers and are spread by ants 

and flies to the blossoms. The blossom is the first part 

of the plant affected in the case of fire blight. 

Leaf spots: 

Leaf spot disease organisms produce lesions on leaves, 

stems, and fruit. The lesions first appear water-soaked and 

later become necrotic (dead). Leaf lesions are frequently 

surrounded by chlorotic (yellow) bands. 

Angular leaf spot of cotton and bacterial spot of 

peach are examples of leaf spot disease. 

Soft rots : 

Soft rot is caused by bacteria and is common to all 

vegetables and many fruits. It is often found on grocery 

store produce counters when the stock is not fresh. 
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A soft, mushy rot Is characteristic of most vegetables 

affected by soft rot. Variations as to color, odor, and consis

tency are encountered among different vegetables. 

Wilts : 

Bacterial wilts are caused by a rapid multiplication of 

bacteria and the formation of slime that plugs the food and water-

conducting channels of the plant. Wilts affect all portions of 

the plant. Plants become dwarfed and reduced in vigor, the 

leaves are small and yellowish, and the plants finally wilt and 

die. 

Bacterial wilt of cucurbits is a common wilt disease. 

fungi 

Fungi are tiny, thread-like microscopic plants, commonly 

called molds. Fungi are living plants but do not contain 

chlorophyll with which to manufacture food. Most fungi repro

duce by the formation of spores. These spores are produced on 

the tops of the thread-like branches or in specialized struc

tures. Spores are produced in large numbers, sometimes millions 

on a single plant. The thread-like plant body of a fungus 

penetrates a plant by growing Into a wound, through a natural 

opening, or by forcing its way directly through a plant's 

epidermal layer. 

Common plant diseases caused by fungi are as follows: 

Wilts: 

Fusarium and verticilllum wilts are caused by fungi which affect 

many hosts. Fungi causing wilts oftenfrudldup in soil on which 
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susceptible crops have been grown for several seasons. These 

fungi are able to penetrate the roots, grow into the vascular 

vessels, find plug them. Plants affected in this manner may 

revive during the night and wilt the following day. 

Rusts : 

Southwestern cotton rust affects the leaf and bolls of 

growing cotton plants. The disease starts as small yellow spots 

about the size of a pinhead on the upper surface o£ the cotton 

leaves. These spots enlarge and soon yellow spores begin to 

appear on the bottom of the leaf. The pathogen overwinters on 

grama grass. 

Root rotB :  

There are numerous fungi which cause root rots including 

the Texas root rot fungus which affects over 2,000 species of 

broad leaved plants including alfafa, cotton, and ornamentals. 

The pathogen destroys the outer layer of the roots and causes 

the plant to wilt. When the plant is pulled from the soil, the 

bark of the roots is dead and may slip easily. 

Powdery mildew: 

A superficial white to light grayish, powdery to mealy 

coating on leaves, buds, flowers, and young shoots is exhibited 

by the plant. Powdery mildew is common on many plants. 

Damping off: 
\ 

Damping off fungi attack young plants shortly after ger

mination, either before or after they emerge from the soil. 

Lesions or dead spots are visible on the young plants near the 

soil line. These lesions may cause death or severe stunting. 
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Viruses 

Most plant viruses are rod or spherical shaped particles 

that are ao tiny that they can only be observed through the use 

of an electron microscope. They are not considered as living 

organisms, although they have the capacity to multiply. They 

cannot grow outside of living cells, but some can be carried 

over a year or more in dead plant tissue. Virus particles may 

enter plants by mechanical inoculations, insect feeding, or 

vegetative propagation. Viruses are also carried in seed, tubers, 

and bulbs. 

The following are common diseases caused by viruses; 

Dwarfing: 

Barley yellow dwarf virus causes a stunting of plants in 

early stages of growth and a yellowing of leaves at both early 

and later stages of growth followed by the death of leaf tissue. 

Yields are reduced. 

Mosaics: 

Tobacco mosaic virus produces a mottle, light and dark-green 

spots on tomatoes. Leaves may become drawn and appear crinkled. 

Cucurbit viruses: 

Cucurbit viruses have effects ranging from severe stunting 

to distortions and from mosaic (spotty) to chlorosis (yellowing). 

They infect all species of cucurbits including cucumber, water

melon, and squash. 

Nematodes 

Nematodes are slender, thread-like roundworms about 1/70 

of an inch in length. They are animals that feed on cell sap 
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In plant tissue, thus interfering with plant growth. Nematodes 

may attack any part of a plant, including the roots, stems, 

leaves, flowers, and fruit. 

There are two basic types of nematodes; one type attacks 

plant roots while the other attacks stems. 

Rootknot nematodes: 

Rootknot nematodes affect many species of plants of which 

cotton is a prime example in the Southwest. These nematodes 

exhibit below-ground symptoms. The nematode enters the roots 

and causes a multiplication of cells due to physiological dis

turbances. This multiplication of plant cells results in gall 

formation which blocks the vascular system. Thus, plants become 

stunted, wilted, and yields are reduced. 

Stem nematodes : 

Plants heavily infested with alfalfa stem nematode will 

fail to produce stems long enough for harvest during the grow

ing season. The stems are greatly shortened, thickened and 

club-like. Crown buds, infested with nematodes, become swollen 

and distorted and will break off easily. 

NON-PARASITIC CAUSES OF PLANT DISEASES 

Non-parasitic diseases are unhealthy plant conditions 

brought about by something other than a living organism. The 

following are common causes of non-parasitic diseases. 

Soil Conditions 

Many cases of weak and unthrifty plants are due to soil con

ditions. The physical structure of the soil may have a direct 
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effect on plants if it is so hard and compact as to prevent normal 

penetration and development of roots. A hard pan near the soil sur

face prevents normal root growth. Heavy clay soils may prevent 

proper drainage; sandy or gravelly soils have poor water holding 

capacity. 

Deficiency of soil moisture causes stunting, premature ripen

ing and death in case of severe drought. Extensive and pronounced 

drought injury is clearly recognizable, but milder forms are some

times difficult to diagnose, especially if plants are affected by 

parasitic diseases. Excess soil moisture causes indirect injury; 

the water Itself is not usually injurious, but it can reduce the 

amount of oxygen to the danger point or even beyond. 

Both a deficiency or an excess of a major or minor plant 

nutrient can cause disease symptoms. Tor example, a deficiency of 

nitrogen causes yellowish, reddish or purplish tints, subnormal 

growth and poor seed or fruit production. An excess of nitrogen 

causes succulent growth, delayed ripening, and consequent increased 

susceptibility to diseases, heat, and drought injury. Soil pH has 

a decided effect upon plant growth. Most agriculture plants grow 

well in soils with a pH ranging from about 4 to 8. Excessive salt 

in the soil may also cause plants to become weakened or even die. 

The presence of lime, as calcium carbonate, may bring about 

an excess of hydroxyl ions around soil particles. Under these 

conditions, the elemental iron in soil solution is precipitated 

(becomes unavailable) and the roots fail to pick it up. Since iron 

is essential to the formation of chlorophyll, this lack causes the 

plant to become chlorotic. 

Mechanical and Chemical Injury 

A farmer's cultural practices may injure plants. Too deep or 

too close cultivation may cause mechanical injury. Fungicides when 
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improperly used may cause russetlng of leaves and fruit, leaf and 

fruit drop and scorch. Insecticides may accumulate in the soil 

resulting in Injury to fruit trees. Herbicides such as 2,4-D may 

cause severe injury to plants at a susceptible stage. 

Insect Injury 

All species of plants are affected to some extent by insects. 

Insects may damage roots, stems, leaves, flowers, fruit or seeds. 

They may physically destroy plant tissue or cause weak and unhealthy 

plant conditions by sucking essential plant nutrients from various 

parts of the plant. Insects also spread many Important parasitic 

causal organisms from plant to plant. 

Climatic Conditions 

Many climatic conditions cause disease directly and can also 

affect the development of parasitic diseases. All higher plants 

require sunlight for photosynthesis. Light deficiency causes weak, 

spindly growth and general underdevelopment. Alfalfa and oats 

require long days; soybeans need short days; other crops are in

different. Certain crop varieties mature many weeks later than 

others, thus they are longer in jeopardy of damage from unfavor

able weather and attack by diseases. Summer heat, winter cold and 

unseasonable frosts can injure or destroy a high percentage of 

crop plants even in areas where they are adapted. Tropical and 

sub-tropical plants are easily injured by frost, while crops in 

temperate climates are more resistant. Tomatoes are often 

"cooked on the vine" when high temperatures follow moist, cloudy 

weather. "Smudge pots" protect citrus against frost; heat green

houses protect plants against winter cold. 

Relative humidity of the air obviously has an effect on the 

rate of transpiration of plants. The combination of heat, wind 

and low relative humidity can cause extensive injury or death to 



plants. Wind, heavy rain, sleet, hall or lightning may cause 

direct or indirect injuries which reduce the vigor of the 

and provide avenues of entrance for parasitic organisms. 

Genetic Disturbances 

Abnormalities may be caused by genetic disturbances In the 

plant itself. Genetic mutations occur in many plants. While 

such mutations may produce a superior variety with outstanding 

characteristics, they may also produce poor and unthrifty plants. 

METHOD OF PLANT DISEASE CONTROL 

Any method used to control a plant disease is directed 

towards the reduction in the amount of injury it may cause. 

There are four main methods of plant disease control: exclusion, 

eradication, protection and use of resistant varieties. 

Exclusion 

Exclusion refers to measures designed to keep pathogens 

from entering the area or sphere in which the host Is growing 

or to reduce, to a minimum, the extent to which the pathogen 

is introduced. The sphere may include flats, greenhouses, gar

dens, fields, regions, countries, and continents. These measures 

include compulsory quarantines and Inspection, embargoes, volun

tary inspection and certification of planting stocks, together' 

with their production in areas where the pathogen is minimized 

or excluded by unfavorable environment and inspection of perish

able fruits and vegetables at shipping points. Chemical treat

ments can also be used on plants or seeds at ports of entry. 

Exclusion will not control pathogens which produce wind blown 

spores that can easily cross barriers. 

Major plant pests and plant diseases cause billions of 

dollars of damage each year in the United States alone. Over 
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tion(s) of a plant to a pathogen. 

They indicate that a disease is seve

rely affecting the growth of a plant. 

The presence of a particular plant 

disease may also be indicated by a 

disease sign. A disease sign is the 

presence of a pathogen on the host 

plant. Signs are not some result 

(symptom) caused by the pathogen, but 

are visual observations of the patho

gen Itself. 

CLASSIFICATION OF PLANT DISEASE 

Plant diseases are classified 

for recognition purposes, which aid 

in selecting control measures for a 

particular disease. The cause of the 

disease must be identified before the 

disease can be controlled. Plant 

diseases are commonly classified ac

cording to symptoms and causal agents. 

Classification Based on Symptoms 

One method of classification of 

plant diseases is based upon symptoms. 

A symptom is a visible indication of 

the reaction of the plant to a dis

ease. Five common symptoms of plant 

disease are superficial, necrosis, 

hypoplasia, hypertrophy, and wilt. 

Superficial: 

Diseases in which the organism 

lives on the surface of the plant 

tissue are referred to as superfi

cial diseases. They are caused by 

microorganisms that land on and in

vade the epidermal cells of the 

plant. Pathogens penetrate the sur

face of plant tissue through the 

growth of haustoria (food absorbing 

cells) which puncture the outer 

layer of plants. 

These diseases cause a reduc

tion in thriftiness of the whole 

plant which is reflected in reduced 

yield. They disrupt the plant pro

cesses in such a manner that photo

synthesis is slowed down and the 

food that is manufactured is used for 

the repair of vital plant tissue and 

for providing energy to combat the 

disease rather than producing a 

crop. 

Powdery mildews are examples of 

superficial diseases. 

Necrosis: 

Destruction of tissue, referred 

to as necrosis, is another common 

symptom. It may be general or local. 

It is caused by microorganisms that 

keep growing as long as there is 
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susceptible plant tissue on which to 

live. As soon as the tissue is des

troyed, the organism either becomes 

dormant or dies. 

General necrosis may affect the 

whole plant but normally only fleshy 

organs such as fruits and bulbs are 

affected. Watery brown rot of let

tuce, brown rot of peaches, and soft 

rot of sugar beets are examples of 

general necrosis. 

Hypertrophy : 

Overgrowth (hypertrophy) may be 

evidenced by distortions, deforma

tions, and galls, They may be caused 

by viruses, fungi, nematodes, bacteria 

or insects. 

Some chemicals including the 

"growth hormones", the growth modi

fiers, and the weed killer 2,4-D may 

also cause abnormal growth in plants. 

Local necrosis is usually limited 

in its extent of infection. Often 

the lesions are characteristic in 

shape, size, pattern, and color. 

Angular leaf spot in cotton, fire 

blight, and Texas root rot are ex

amples of local necrosis. 

Hypoplasia: 

Underdevelopment (hypoplasia) is 

the stunting or dwarfing of a plant. 

It may be caused by a virus such as 

sugar beet yellows and mosaic dwarf 

of potatoes; or it may be caused by 

a fungus such as dwarf bunt of wheat. 

Underdevelopment of above ground 

parts of plants may also result from 

destruction of roots, a severe defi

ciency of soil moisture and/or 

nutrients. 

Corn smut, potato wart, cabbage 

club root, crown gall, and root knot 

are examples of hypertrophy diseases. 

Wilt: 

A plant pathogen in the vascular 

system which Interferes with water 

uptake and food transportation can 

cause wilt. Wilting may also be 

caused by excessive transpiration or 

lack of absorption of water by the 

roots. 

Plants with wilt symptoms usually 

show discoloration of the root and/or 

stem vascular systems. Verticlllium 

wilt, fusarium wilt, and bacterial 

wilt are examples of the wilts that 

attack plants. 

Classification Based on Causal Agents 

As previously mentioned, a casual 
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agent is a pathogen or other agent 

that produces a disease in the host 

under the proper environmental 

conditions. 

Plant diseases do not just happen. 

They are caused by (a) parasites such 

as bacteria, fungi, viruses, and ne

matodes, and by (b) non-parasites such 

as deficiencies of certain essential 

plant nutrients, unbalanced physiolo

gical processes or mechanical injuries. 

PARASTIC CAUSES OF PLANT DISEASES 

A parasite is a living organism 

that obtains its food wholly or in 

part from another living organism. 

Parasites are detrimental to the or

ganisms on which they feed due to 

direct competition for plant 

nutrients. 

Bacteria 

Bacterial plant pathogens are mi

croscopic, rod-shaped, single-celled 

plants that multiply (reproduce) by 

dividing. They range in size from 

2 to 4 microns in length (a micron 

is one-thousandth of a millimeter). 

Under favorable conditions they may 

divide as often as once every twenty 

minutes which accounts for their vast 

numbers. A single bacterium could 

produce over 47,000,000,000 descen

dants in a 12-hour period. Fortu

nately, most bacteria are beneficial 

and only 170 different kinds of bac

teria are capable of producing a 

disease condition in plants. Bac

teria cannot penetrate directly 

into plants; they must make entry 

through the stomata, wounds, or be 

deposited by a feeding insect. 

Many bacterial diseases affect 

plants. Common examples of diseases 

caused by bacteria are described in 

the following paragraphs. 

Galls: 

Galls are localized swellings or 

outgrowths caused by bacteria. Galls 

appear on roses, grapes, fruit trees, 

blackberries, and other species. 

These galls are found most commonly 

on roots and crowns of plants, but 

occasionally may be observed on 

above-ground parts, especially if 

the disease-producing bacteria are 

introduced during budding or 

grafting. 

Blights : 

The term "blight" refers to a 

rapid discoloration and death of 

tissue over certain portions of 

plants. Severe cases of infection 



96 

may result: in Che death of affected 

plants. Fire blight and bacterial 

blights of beans are examples of 

blight diseases. 

Fire blight occurs on apple, 

pear, apricot, loquat, spiraea, 

photinia, pyracantha, and many other 

species. The bacteria overwinter 

in "hold-on" cankers and in the 

spring, the bacteria ooze from these 

cankers and are spread by ants and 

flies to the blossoms. The blossom 

is the first part of the plant 

affected in the case of fire blight. 

Leaf spots: 

Leaf spot disease organisms pro

duce lesions on leaves, stems, and 

fruit. The lesions first appear 

watersoaked and later become necro

tic (dead). Leaf lesions are fre

quently surrounded by chlorotic 

(yellow) bands. 

Angular leaf spot of cotton and 

bacterial spot of peach are examples 

of leaf spot disease. 

Soft rots: 

Soft rot is caused by bacteria 

and is common to all vegetables and 

many fruits. It is often found on 

grocery store produce counters when 

the stock is not fresh. 

A soft, mushy rot is characteris

tic of most vegetables affected by 

soft rot. Variations as to color, 

odor, and consistency are encountered 

among different vegetables. 

Wilts: 

Bacterial wilts are caused by a 

rapid multiplication of bacteria and 

the formation of sliine that plugs 

the food and water-conducting chan

nels of the plant. Hilts affect all 

portions of the plant. Plants become 

dwarfed and reduced in vigor, the 

leaves are small and yellowish, and 

the plants finally wilt and die. 

Bacterial wilt of cucurbits is 

a common wilt disease. 

Fungi 

Fungi are tiny, thread-like 

microscopic plants, commonly called 

molds. Fungi are living plants but 

do not contain chlorophyll with which 

to manufacture food. Most fungi 

reproduce by the formation of spores. 

These spores are produced on the tips 

of the thread-like branches or in 

specialized structures. Spores are 
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produced in large numbers, sometimes 

millions on a single plant. The 

thread-like plant tody of a fungus 

penetrates a plant by growing into 

a wound, through a natural opening, 

or by forcing its way directly 

through a plant's epidermal layer. 

Common plant diseases caused 

by fungi are as follows: 

Wilts : 

Fusarium and verticillium wilts 

are caused by fungi which affect 

many hosts. Fungi causing wilts 

often build up in soil on which 

susceptible crops have been grown 

for several seasons. These fungi 

are able to penetrate the roots, 

grow into the vascular vessels, and 

plug them. Plants affected in 

this manner may revive during the 

night and wilt the following day. 

Rusts: 

Southwestern cotton rust affects 

the leaf and bolls of growing cotton 

plants. The disease starts as small 

yellow spots about the size of a 

pinhead on the upper surface of the 

cotton leaves. These spots en

large and soon yellow spores begin 

to appear on the bottom of the leaf. 

The pathogen overwinters on grama 

grass. 

Root rots: 

There are numerous fungi which 

cause root rots including the Texas 

root rot fungus which affects over 

2,000 species of broad leaved plants 

including alfalfa, cotton, and or

namentals. The pathogen destroys 

the outer layer of the roots and 

causes the plant to wilt. When the 

plant is pulled from the soil, the 

bark of the roots is dead and may 

slip easily. 

Powdery mildew: 

A superficial white to light 

grayish, powdery to mealy coating on 

leaves, buds, flowers, and young 

shoots is exhibited by the plant. 

Powdery mildew is common on many 

plants. 

Damping off: 

Damping off fungi attack young 

plants shortly after germination, 

either before or after they emerge 

from the soil. Lesions or dead 

spots are visible on the young plants 

near the soil line. These lesions 

may cause death or severe stunting. 
I 

Viruses 

Most plant viruses are rod or 

spherical shaped particles that are 
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so tiny that they can only be obser

ved through the use o£ an electron 

microscope. They are not considered 

as living organisms, although they 

have the capacity to multiply. They 

cannot grow outside of living cells, 

but some can be carried over a year 

or more in dead plant tissue. 

Virus particles may enter plants by 

mechanical Inoculations, insect feed

ing, or vegetative propagation. 

Viruses are also carried in seed, 

tubers, and bulbs. 

The following are common diseases 

caused by viruses: 

Dwarfing: 

Barley yellow dwarf virus causes 

a stuntingof plants in early stages 

of growth and a yellowing of leaves 

at both early and later stages of 

growth followed by the death of leaf 

tissue. Yields are reduced. 

Mosaics: 

Tobacco mosaic virus produces a 

mottle, light and dark-green spots 

on tomatoes. Leaves may become 

drawn and appear crinkled. 

Cucurbit viruses : 

distortions and from mosaic (spotty) 

to chlorosis (yellowing). They infect 

all species of cucurbits including 

cucumber, watermelon, and squash. 

Nematodes 

Nematodes are slender, thread

like roundworms about 1/70 of an inch 

in length. They are animals that feed 

on cell sap in plant tissue, thus in

terfering with plant growth. Nema

todes may attack any part of a plant, 

including the roots, stems, leaves, 

flowers, and fruit. 

There are two basic types of 

nematodes; one type attacks plant 

roots while the other attacks stems. 

Rootknot nematodes: 

Rootknot nematodes affect many 

species of plants of which cotton Is 

a prime example In the Southwest. 

These nematodes exhibit below-ground 

symptoms. The nematode enters the 

the roots and causes a multiplication 

of cells due to physiological distur

bances. This multiplication of plant 

cells results in gall formation 

which blocks the vascular system.' 

Thus, plants become stunted, wilted, 

and yields are reduced. 

Cucurbit viruses have effects 

ranging from severe stunting to 
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Stem nematodes: 

Plants heavily infested with al

falfa stem nematode will fail to pro

duce stems long enough for harvest 

during the growing season. The stems 

are greatly shortened, thickened and 

club-like. Crown buds, infested with 

nematodes, become swollen and dis

torted, and will break off easily. 

NON-PARASITIC CAUSES OF 
PLANT DISEASES 

Non-parasitic diseases are un

healthy plant conditions brought 

about by something other than a 

living organism. The following are 

common causes of non-parasltlc 

diseases. 

Soil Conditions 

Many cases of weak and unthrifty 

plants are due to soil conditions. 

The physical structure of the soil 

may have a direct effect on plants 

if it is so hard and compact as to 

prevent normal penetration and de

velopment of roots. A hard pan 

near the soil surface prevents normal 

root growth. Heavy clay soils may 

prevent proper drainage; sandy or 

gravelly soils have poor water 

holding capacity. 

Deficiency of soil moisture.causes 

stunting, premature ripening and 

death in case of severe drought. Ex

tensive and pronounced drought injury 

is clearly recognizable, but milder 

forms are sometimes difficult to 

diagnose, especially if plants are 

affected by parasitic diseases. 

Excess soil moisture causes indirect 

injury; the water itself is not 

usually Injurious, but it can reduce 

the amount of oxygen to the danger 

point or even beyond. 

Both a deficiency or an excess 

of a major or minor plant nutrient 

can cause disease symptoms. For, 

example, a deficiency of nitrogen 

causes yellowish, reddish or purplish 

tints,subnormal growth and poor seed 

or fruit production. An excess of 

nitrogen causes succulent growth, 

delayed ripening, and consequent 

increased susceptibility to diseases, 

heat, and drought injury. Soil pH 

has a decided effect upon plant 

growth. Most agriculture plants grow 

well in soils with a pH ranging from 

about 4 to 8. Excessive salt in the 

soil may also cauBe plants to become 

weakened or even die. 

The presence of lime, as calcium 

carbonate, may bring about an 'excess 

of hydroxyl ions around soil particles. 

Under these conditions, the elemental 



Genetic Disturbances 

Abnormalities may be caused by 

genetic disturances in the plant it

self. Genetic mutations occur In 

many plants. While such mutations 

may produce a superior variety with 

outstanding characteristics, they 

may also produce poor and unthrifty 

plants. 

METHOD OF PLANT DISEASE CONTROL 

Any method used to control a 

plant disease is directed towards 

the reduction in the amount of in

jury it may cause. There are four 

main methods of plant disease con

trol: exclusion, eradication, 

protection and use of resistant 

varieties. 

Exclusion 

Exclusion refers to measures 

designed to keep pathogens from 

entering the area or sphere in. 

which the host is growing or to re

duce, to a minimum, the extent to 

which the pathogen Is introduced. 

The sphere may Include flats, green

houses, gardens, fields, regions, 

countries, and continents. These 

measures include compulsory 
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quarantines and inspection, embargoes. 

voluntary inspection and certifi-

flcation of planting stocks, together 

with their production in areas where 

the pathogen is minimized or excluded 

by unfavorable environment and in

spection of perishable fruits and 

vegetables at shipping points. 

Chemical treatments can also be used 

on plants or seeds at ports of entry. 

Exclusion will not control pathogens 

which produce wind blown spores that 

can easily cross barriers. 

Major plant pests and plant 

diseases cause billions of dollars 

of damage each year in the United 

States alone. Over half of these 

pests and diseases were introduced 

from other countries. Plant quaran

tine refers to legal restrictions on 

the movement of commodities for the 

purpose of preventing or delaying 

the establishment of plant pests 

and diseases in areas where they are 

not known to occur. Great economic 

loss may be sustained by the intro

duction and establishment of pests 

and pathogens into areas where a 

biological balance between host and 

pathogen has not been reached. When 

the environment for the development 

of the introduced pathogen is espe

cially favorable and the number of 

susceptible hosts is large, a severe 
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iron in soil solution is precipitated 

(becomes unavailable) and the roots 

fail to pick it up. Since iron is 

essential to the formation of chloro

phyll, this lack causes the plant to 

become chlorotic. 

Mechanical and Chemical Injury 

A farmer1s cultural practices may 

injure plants. Too deep or too close 

cultivation may cause mechanical Injury. 

Fungicides when improperly used may 

cause russetlng of leaves and fruit, 

leaf and fruit drop and scorch. In

secticides may accumulate in the soil 

resulting in injury to fruit trees. 

Herbicides such as 2,4-D may cause 

severe injury to plants at a suscep-r 

tlble stage. 

Insect Injury 

All species o£ plants are affected 

to some extent by insects. Insects 

may damage roots, stems, leaves, flow

ers, fruit or seeds. They may physi

cally destroy plant tissue or cause 

weak and unhealthy plant conditions 

by sucking essential plant nutrients 

from various parts of the plant. In

sects also spread many Important 

parasitic causal organisms from plant 

to plant. 

Climatic Conditions 

disease directly and can also affect 

the development of parasitic diseases. 

All higher plants require sunlight 

for photosynthesis. Light deficiency 

causes weak, spindly growth and gen

eral underdevelopment. Alfalfa and 

oats require long days; soybeans need 

short days; other crops are indiffer

ent. Certain crop varieties mature 

many weeks later than others, thus 

they are longer in jeopardy of damage 

from unfavorable weather and attack 

by diseases. Summer heat, winter cold 

and unseasonable frosts can injure or 

destroy a high percentage of crop 

plants even in areas where they are 

adapted. Tropical and sub-tropical 

plants are easily injured by frost, 

while crops in temperate climates are 

more resistant. Tomatoes are often 

"cooked on the vine" when high temper

atures follow moist, cloudy weather. 

"Smudge pots" protect citrus against 

frost; heated greenhouses protect 

plants against winter cold. 

Relative humidity of the air ob

viously has an effect on the rate of 

tranpiratlon of plants. The combin

ation of heat, wind and low relative 

humidity can cause extensive injury 

or death to plants. Wind, heavy rain, 

sleet, hail or lightning may cause 

direct or indirect injuries which reduce 

the vigor of the plant and provide avenues 

of entrance for parasitic organisms. 

Many climatic conditions cause 
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Part Hi READING TEST Resource Unit '^3 Y 

1. Plant diseases are commonly classified according to: 
a. symptoms 
b. causal agents _ 
c. symptoms or causal agents 
d. control measures 

2 .  A visible indication of a reaction of a plant to a disease 
i3 a: 

a. pathogen 
b. sign 
c. symptom / 
d. host 

3. Diseases in which the organism lives on the surface of a 
nlant are called: 

a. necrosis 
b. hypoplasia « * — 
c. hypertrophy • ^ 
d. superficial 

4. Destruction of tissue is called: 
a. hypoplasia 
b. necrosis „ —» 
c. hypertrophy —' / 
d. wilt 

5. The stunting or dwarfing of a plant is an example of: 
a. necrosis 
b. hypoplasia » 
c. hypertrophy U X 
d. wilt ^ ^ 

6. Overgrowths such as distortions, deformations and galls 
are examples of: 

a. hypoplasia 
b. necrosis , _ 
c. wilt U •' J. 
d. hypertrophy 

-7. A plant pathogen in the vascular system most often causes: 
_a. wilt 
la, hypoplasia 
jo. necrosis U 
jd. hypertrophy 

3. A pathogen or other agent that produces a disease is a: 
a. host 
b. symptom 
js. causal agent C~ (J 
"d. sign > 
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9. Which of these is MOT a parasite: 
a. bacteria ^ 
b. mechanical injury ^ t 
c. fungi 
d. nematode 

10. Which of these can divide as often as once every 20 minutes? 
a. virus 
b. nematode 
c. bacteria ^ 
d. fungi 

11. Swellings on roots or stems of plants are called: 
a. galls 
b. wilts 
c. blights 7 3 ̂  
d. 3oft rots 

12. A rapid discoloration and death of tissue is called a: 
a. wilt 
b. soft rot 
c. gall *t 1 ^ 
d. blight ' 

13. Vegetables and fruits in stores are often affected by: 
a. wilts 
b. blights 
c. soft rots 
d. gall ' < 

14. Microscopic plants which lack chlorophyll are: 
a. fungi 
b. bacteria i ». -y 
c. viruses ; , J. 
d. nematodes 

15. Fusarium and verticillium wilts are caused by: 
a. fungi 
b. bacteria , ^ 
_c. viruses 
~d. nematodes 

i  

16. Ihisdisease affects over 2*000 species of broad leaved plants. 
a. Southwestern cotton rust 
b. Texas root rot 
c* angular leaf spot 
d. fire blight 

17, A superficial white to light grayish coating on leaves is 
a symptom of: 

a. fire blight 
b. fusarium wilt 
c. soft rot 
d. powdery mildew 
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IS. This disease attacks young plants shortly after germination: 
a. dampinq off 
b. soft rot 

powdery mildew 
d. wilt 

19. These pathogens can only be seen through an electron 
microscope: 

a. fungi 
b. viruses 
c. nematodes 
d. bacteria 

20. Dwarf and mosaic diseases are caused by a: 
a. nematode 
b. bacteria 

fungi 
virus 

21. Slender, thread-like roundworms are known as: 
a. bacteria 
b. viruses 
c. nematodes 
d. fungi 

22. Which of the following is caused by rootknot nematodes? 
a. galls 
b. swollen crown buds 
c. thickened stems 
d. mosaics 

23. Non-parasitic causes of plant disease include: 
a. hard pan soil, nematodes, lack of nutrients 
b. poor soil structure, low soil moisture, lack of 

nutrients 
c. soil bacteria, high soil moisture, low pH 
d. poor soil structure, soil fungi, excess salt 

24. Which of the following symptoms may be caused by improper 
use of fungicides? 

a. soft rot 
b. blight 
c. root rot 
d. russet 

25. Insects cause plant diseases in the following ways: 
a. destroy tissue, affect soil pH, suck plant juices 
b. reduce soil oxygen, destroy tissue, suck plant juices 
c. destroy tissue, suck plant tissues, spread parasites 
d. spread parasites, affect soil pH, destroy tissue 

26. Which of the following crops is damaged most by frost? 
a. alfalfa 
b. potato 
c. citrus 
d. oats 
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27. Heat, wind and low humidity together would most likely 
cause: 

a. spindly growth 
b. injury or death 
c. increased yields 
cl. yellow leaves 

28. Genetic disturbances are problems caused by: 
a. pathogens 
b. climatic conditions 
c. mechanical or chemical injury 
d. none of the above 

29. Pour main methods of plant disease control are: 
exclusion, mutation, resistant varieties, protection 

b. mutation, protection, infection, eradication 
c. exclusion, eradication, protection, resistant varieties 
d. resistant varieties, exclusion, transmission, 

protection 

30. Quarantines and inspections are examples of: 
a. protection 
b. eradication 
c. transmission 
d. exclusion 
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tion(s) of a plant to a pathogen. They indicate that a 

disease is severely affecting the growth of a plant. The 

presence of a particular plant disease may also be indicated 

by a disease sign. A disease sign is the presence of a path

ogen on the host plant. Signs are not some result (symptom) 

caused by the pathogen, but are visual observations of the 

pathogen itself. 

II. CLASSIFICATION OF PLANT DISEASE 

Plant diseases are classified for recognition purposes, 

which aid in selecting control measures for a particular dis

ease. The cause of the disease must be identified before the 

disease can be controlled. Plant diseases are commonly clas

sified according to symptoms and causal agents. 

A. Classification Based on Symptoms 

One method of classification of plant diseases is based 

upon symptoms. A symptom is a visible indication of the 

reaction of the plant to a disease. Five symptoms of 

plant disease are superficial, necrosis, hypoplasia, hyper

trophy, and wilt. 

1. Superficial: 

Diseases in which the organism lives on the surface of 

the plant tissue are referred to as superficial diseases. They 

are caused by microorganisms that land on and invade the epi

dermal cells of the plant. Pathogens penetrate the surface of 

plant tissue through the growth of haustoria (food absorbing 

cells) which puncture the outer layer of plants. 

These diseases cause a reduction in thriftiness of the 

whole plant which is reflected in reduced yield. They dis

rupt the plant processes in such a manner that photosynthesis 
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tion(s) of a plant: to a pathogen. They indicate that a 

disease is severely affecting the growth of a plant. The 

presence of a particular plant disease may also be indicated 

by a disease sign. A disease sign is the presence of a path

ogen on the host plant. Signs are not some result (symptom) 

caused by the pathogen, but are visual observations of the 

pathogen itself. 

II. CLASSIFICATION OF PLANT DISEASE 

Plant diseases are classified for recognition purposes, 

which aid in selecting control measures for a particular dis

ease. The cause of the disease must be identified before the 

disease can be controlled. Pltnt diseases are commonly clas

sified according to symptoms and causal agents. 

A. Classification Based on Symptoms 

One method of classification of plant diseases is based 

upon symptoms. A symptom is a visible indication of the 

reaction of the plant to a disease. Five common symptoms of 

plant disease are superficial, necrosis, hypoplasia, hyper

trophy, and wilt. 

1. Superficial: 

Diseases in which the organism lives on the surface of 

the plant tissue are referred to as superficial diseases. 

They are caused by microorganisms that land on and invade 

the epidermal cells of the plant. Pathogens penetrate the 

surface of plant tissue through the growth of haustoria 

(food absorbing cells) which puncture the outer layer of 

plants. 
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tion(s) of a plant to a pathogen. 

They indicate that a disease is seve

rely affecting the growth of a plant. 

The presence of a particular plant 

disease may also be indicated by a 

disease sign. A disease sign Is the 

presence of a pathogen on the host 

plant. Signs are not some result 

(symptom) caused by the pathogen, but 

are visual observations of the patho

gen itself, 

II. CLASSIFICATION OF PLANT DISEASE 

Plant diseases are classified 

for recognition purposes, which aid 

in selecting control measures for a 

particular disease. The cause of the 

disease must be identified before the 

disease can be controlled. Plant 

diseases are commonly classified ac

cording to symptoms and causal agents. 

A. Classification Based on Symptoms 

One method of classification of 

plant diseases is based upon symptoms. 

A symptom is a visible indication of 

the reaction of the plant to a dis

ease. Five common symptoms of plant 

disease are superficial, necrosis, 

hypoplasia, hypertrophy, and wilt. 

1. Superficial: 

Diseases in which the organism 

lives on the surface of the plant 

tissue are referred to as superfi

cial diseases. They are caused by 

microorganisms that land on and in

vade the epidermal cells of the 

plant. Pathogens penetrate the sur

face of plant tissue through the 

growth of haustoria (food absorbing 

cells) which puncture the outer 

layer of plants. 

These diseases cause a reduc

tion in thriftiness of the whole 

plant which is reflected in reduced 

yield. They disrupt the plant pro

cesses in such a manner that photo

synthesis is slowed down and the 

food that is manufactured is used for 

the repair of vital plant tissue and 

for providing energy to combat the 

disease rather than producing a 

crop. 

Powdery mildews are examples of 

superficial diseases. 

2. Necrosis: 

Destruction of tissue, referred 

to as necrosis, Is another common 

symptom. It may be general or local. 

It is caused by microorganisms that 

keep growing as long as there is 
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