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■ ' ' • ■ ' PART I : ' : ■ ■

INTRODUCTION

Justification for the Study

In Arizona at the present time there is very little 
systematic instruction being offered in soil and water man- 
agement at the high school level. One of the major reasons 
for this situation is that no teaching guide has been de
veloped which adequately meets the needs of Arizona high 
schools.

It is very important that this area of work be given a 
prominent place in the instruction of agricultural youth. 
The problems of structure, fertilization, and water usage 
are vital to all agriculture; but the solution of these 
problems under Arizona conditions is quite different than 
that in most other parts of the United States. The water 
resources of the State have been over-expanded, and we must 
learn to farm with a limited supply of water.

An appropriate place for instruction in soil and water 
management is in the high school. For best instruction, 
much use must be made of the related sciences as well as 
providing practical application; therefore the principles 
can be taught more economically in class groups than to
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Individual farmers. Farmers should be given solutions to 
their problems, hut high school students should receive a 
background of Information that will lead to intelligent 
understanding of the problems, which will enable them to 
make managerial decisions and to master skills required for 
efficient production of agricultural products. Young farm- 
ers should also develop an appreciation of the problems of 
the society in which they live, and acquire ideals that will 
make them valuable assets to the community. :

Teaching aids and materials available to teachers have 
little content that is appropriate to soil and water man
agement in Arizona. It is proposed that experiences from 
many sources be utilized to remedy this situation by organ
izing the content into breakdowns of the area as teaching 
units.

There is a definite need for an expanded teaching 
guide in this field. To be of most use, such a guide should 
fit into the course of study of those schools for which it 
is being developed.

Statement of the Problem

It is the purpose of this study to select and organ
ize content and activities, and to suggest teaching proce
dures for the area of soil and water management to be used 
in the Arizona course of study in vocational agriculture. 
The emphasis of the study is on the provision of a workable
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guide for teaching the units in this area. No attempt is 
made to survey the shortcomings of present instruction.

Outline of the Problem

Main problem: To develop and organize teaching units in
soil and 'water management for use in Arizona high schools

Sub-problems:
I# To formulate a list of objectives for the area of work 

in soil and water management
2. To evaluate and select content appropriate to the ob

jectives- < ' 'iy - . « » • ... • • ' '

3. To select and formulate teaching units for the area
4• To develop a list of teaching-learning activities in 

soil and water management for the various units
5. To compile and evaluate a list of teaching aids 

(references, visual aids, specimen materials, and 
field materials) for teaching soil and water manage- . ment

6. To compile a list of additional publications needed
to properly teach the units -

7. To construct tests for measuring the outcomes of in
struction

8. To compile a glossary of terms used in the area of 
work

Fundamental Assumptions

In conducting this study, there are six major assump
tions which may be accepted as true. This study does not 
attempt to substantiate their v a l i d i t y . >
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1. A practical area of content can be covered In about 
thirty to forty days, as recommended in the suggested 
course of study for Arizona.

2. The reference materials available at present are not well 
suited to the needs of teachers. There is a need for an 
analysis of content arising out of the objectives to meet 
the peculiar needs of Arizona farmers.1

3. Basic facts and principles should be learned along with 
the study of the local situation and problems.
Learning in this area must have practical application in 
addition to mastery of technique and acquisition ofknowledge.2

5. A teaching breakdown of the area of v/ork in soil and 
water management which is developed from problems aris
ing from the experiences of teachers will have the fol
lowing characteristics:3

a. It will be based on sound subject matter.
b. It will be practical in its application to local 

conditions.
c. It will indicate the use of the best teaching tech

niques.
6. The departments of vocational agriculture will have, or 

can obtain, recommended reference materials and equip
ment .

Procedure

1; A list of major objectives was formulated and revised by 
consultations with soil specialists and selected teachers 
of vocational agriculture. Six major objectives were 
chosen to become the teaching units for the area. 1 2 3

1. book, Gr.G. A handbook on teaching Vocational Agricul
ture. c h . - m r r -

2. Mur sell, James L. Principles of Education, pp. 46-74.
3. Federal Board for Vocational Education. A Method of

Determining Courses of Study in Vocational Agriculture 
feased on an Analysis of the Business ot Selected 
Farmers irTKentuoky. Monograph No. 6.
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2. A list of the teaching units' and minor objectives was
. presented to a selected group of teachers in the State 

and evaluated by the interview method.
.3. The objectives, units, and content were revised in the 

light of. the evaluations, and put into final form. The 
teaching units were organized as student abilities to 
be learned and suggested teaohingrlearning activities.

4. A glossary for the area was prepared and incorporated 
into the teaching units.

5. Activities and procedures were developed for evaluating 
the outcomes of instruction. Seven judges were se
lected to evaluate the testing phase of the problem.
Four of these judges were selected on the basis of ex
perience as teachers of vocational agriculture, two as 
soil specialists, and one as a specialist in testing.

6. A list of teaching aids was. compiled to. include the ma
terials the student should have and the : additlonai ma
terials that should be available to the teacher.

7• The available reference material was evaluated, and 
recommendations made for additional references and 
teaching aids. ; - . ... ......

8. A list was compiled of recommended equipment, materials, 
and supplies for teaching the area of soil and water man
agement. . ... ; .

Related Studies and Investigations

.Studies in Soil and Water Management:— The United 
States Office! of Education has summarized the studies in

* -’■*-*-* - r ' - ' 1 *. ^

agricultural education in three publications listing 1,041 
studies. Among these are many on soil and water conserva--- ' . ' ■' ....  - ■■ V - - •
tion which are of little value to this study.

A. United States Office of1 Education. Summaries ot Studies 
in Agricultural Education. Vocational kducaTTon Bulletin No. 180. ~
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The following studies are closely related to this In
vestigation In subject matter and methods of procedure:

1. McCall, Wade W. A Program for Teaching Soils in 
the High Schools of Florida. Unpublished Thesis, M. Agr.
Ed., University of Florida; 1947. 162 pp. Librarian, Uni
versity of Florida.

The study lists a separate course of study for soils 
content which was arrived at by a personal survey of the ' 
agriculture departments in Florida.

2. Regnier, Roger Eli. A Study of Materials and 
Method Used in Teaching Soils in Vocational Classes in Agri
culture. Unpublished Master’s Thesis, Kansas State College, 
1932. Librarian, Kansas State College, Topeka. ,

This study includes a list of eighty-eight facts re
garding soils that should be included in the training con
tent of a course in soils, as determined by a wide sampling 
of practices followed by teachers of vocational agriculture.

3. Striokler, James E. Soli Management Instruction
in Agriculture Classes. Unpublished Thesis, M.S., Virginia 
Polytechnic Institute, 1946. 132 pp.

Units were developed for a course of study in soil 
management. The basis for the study was a questionnaire 
sent to the teachers of vocational agriculture in Virginia.

Curriculum Studies: Curriculum work has been done in
many states, and some of it has been helpful in arriving at
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unit analyses. These publications are not true studies; 
however, much useful information has been compiled, and they 
merit close study.

1. Colorado State Board for Vocational Education. A 
Guide for Course Construction in Vocational Agriculture in 
Colorado High Schools. Colorado State Board for Vocational 
Education, Denver, n.d. 136 pp.

, Contains a chapter on soil and water conservation which 
lists many activities in the area.

2. Illinois Vocational Education Service. Better Earn
ing, A Series of Lesson Units. University of Illinois, 
College of Agriculture, Urbana, 1946.. 345 pp.

A well organized book giving both good analyses and 
useful information on content for the teaching units.

3. Nebraska Vocational Agriculture Association. Cur
riculum in Vocational Agriculture for Nebraska High Schools 
and Veterans Training. Nebraska State Department of Voca
tional Education, Lincoln, 1947. 66 pp.

This publication is a good outline of the complete 
course in vocational agriculture. It does not extend the 
teaching units far enough to indicate content. The materi
als on soil and water management are in the second, third 
and fourth years.

4. Oregon State Board of Education, Division of Voca
tional Education. Guide. Course of Study for Vocational 
Agricultural Education.. State Board of Education, Salem,
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1941, 60 pp.
Has a good analysis of buying a farm and valuation of 

farms. :
5. Richard, C.E. Suggested Teaching Units in Voca

tional Agriculture. The Department of Vocational Education, 
Virginia Polytechnic Institute, Blacksburg, 1948. 23 pp.

The bulletin gives a rather brief outline of teaching 
units, and includes a good breakdown of the soil and water 
management area of content.

6. Utah State Department of Public Instruction. Utah
Course of Study for Agriculture. State Department of Pub
lic Instruction, Salt Lake City, 1941. 67 pp.

Not a good reference on soils content, but does show 
how it is organized into the Utah course of study.

''O':

w-:



"  • ' • ■- V: " ; ' ' ' PART II ' ' ' ' -

OBJECTIVES IN SOIL AND WATER MANAGEMENT 

The Teaching Situation

This area is usually taught in the third year of high 
school to students (median age of sixteen to seventeen 
years) who have farm backgrounds and who have completed two 
years of. vocational agriculture. They have had approxi
mately. forty-six days in the freshman year on crop produc
tion, during which time they studied some of the practical 
aspects of soils and of Irrigation. They have had about 
thirteen days in the sophomore year on alfalfa and pasture 
crops, during which time some soil and water management 
problems were studied. They also take a course in farm 
mechanics, and are studying farm leveling and surveying as 
a part of that course. In the farm mechanics class they 
have opportunities to construct equipment needed for their 
study of soil and water management. (Some suggestions for 
shop activities are made in the outline of the units in 
this study.)

Students enrolled in vocational agriculture have ex
pressed a desire to enter farming as a vocation, and have 
already entered into farming programs under the supervision
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of the teacher of agriculture. The teacher knows every 
home farm from his visits with the students and their par- 
ents. He therefore has a general knowledge of the soil con
ditions and problems of his community.

Formulation of Objectives

Objectives for. the area of soil and water management 
should conform with those for vocational agriculture. They 
should also be specific and positive enough to indicate 
activities for attaining them, and simple enough that their 
attainment can be measured. . ,, .... • .

To meet these requirements, it is necessary to organize 
a large body of material into general objectives, and to 
list the specifio student abilities needed to attain these 
objectives. : ^ ^

Bases of Objectives

The type of objectives chosen for this area of work is 
in keeping with the objectives of vocational education in 
agriculture. The general objectives of vocational agricul
ture are stated as productive abilities, and are interpreted 
to include various types of abilities.

The goal of classes in vocational agriculture is 
"proficiency and successful establishment in farming and . 
related occupations, and effective citizenship in a rural
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1community." This is the over-all objective, and it is 
■ - . . . 2  broken down into six major productive abilities as follows:

Develop effective ability to:
1. Make a beginning and advance in farming
2. Produce farm commodities efficiently
3. Market farm products advantageously
4. Conserve soil and. other natural resources
5. Manage a farm business ,
6. Maintain a favorable environment.
These abilities are then analyzed, into lesser produc

tive abilities; therefore, production problems become the 
basis for the agricultural program.

Statement of Objectives for the Area

The following objectives were formulated and used to
determine content for the area of work.

I. To develop effective ability to evaluate the fertility 
of soils. Includes the ability to:

A. Understand how soils are formed
B. Use the results of soil surveys .
C. Understand the fundamental soil properties
D. Recognize fertile soil ; 1 2

1. Cline, R.V/. and.Schai'er, W.A. Course of Study for #lrst
Tear Students of Vocational Agriculture^ p. 3.

2. United States OffTee of Education. Educational Objec
tives in Vocational Agriculture. Vocational Division 
Monograph Mo. 21.
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E. Understand and use eommon soil terms :
II. To develop effective ability to analyze the relation

ships between soils and their vegetative cover. In
cludes the ability to:

A. Determine the requirements of plants
B. Understand how plants feed
C. Evaluate the effects of soil life on soils and 

plants
D. Prevent soil ruination by unwise cropping
E. Participate intelligently in discussions of soil 

and plant relationships
III. To develop effective ability to use irrigation water 

efficiently. Includes the ability to:
A. Understand the relationships of soil, soil water, 

and plant growth
B. Apply:irrigation water efficiently
C. Solve water-management problems in relation to

specific crops .
D. Plan and develop a pump system of irrigation

IV. To develop effective ability to make the land more
productive through proper use of fertilizers. Includes 
the ability to:

A. Analyze the plant-food-element balance of the
: ' . ' soil : • ■ _ -

B. Understand the characteristics of the essential plant food elements
C. Select fertilizers intelligently; understand the 

effects on plants of each major fertilizing element
D. Formulate and follow a program of soil fertiliza- - tion
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V. To develop effective ability to utilize proved soil- 
management practices. Includes the ability to:

A. Analyze soil conditions
B. Improve tilth ; :
C. Improve soil structure
D. Select proper cropping systems
E. Obtain necessary information on soil-management 

practices
VI. To develop effective ability to conserve natural soil 

resources. Includes the ability to:
i A. Control processes of erosion

B. Conserve plant nutrients
C. Prevent waste of water

-v.. D. Understand the objectives and work of the Soil 
Conservation Service.

Interpretation of Objectives

The value of educational objectives depends upon their 
interpretation into the plan of instruction. The above ob
jectives form the skeletal framework for building the 
teaching" layout for this area of soil and water management.

In attaining the objectives of this area, we are seek
ing answers to the question, "What abilities should a stu
dent of vocational agriculture acquire in the study of soil 
and water management to become a successful farmer in 
Arizona?"

In finding the answers, certain questions must be 
raised about each of the objectives. In order that the

V
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student achieve a given objective:
1. "What basic knowledge and understandings should he develop? —
2. "What manual skills should he develop to enable him to 

be efficient'?
3. What managerial decisions should he be able to make?
4* What appreciations and ideals should he develop in re- 

lationto each problem?
These four questions were asked concerning each of the 

objectives when the units were formulated. They are asked 
again in the testing phase of the problem. :

The objectives for each unit should be discussed with 
the class at the beginning of each unit, and the students 
should arrive at some definite group and individual objec
tives. They should be led to discover opportunities for 
developing the four types of abilities listed above. In 
this way the student will be sure of what he intends to ac
complish, and will have a fair idea of when it is accom
plished. The students should know that at the close of each 
unit their progress will be evaluated to see how nearly the 
objectives were attained.



PART III

THE TEACHING LAYOUT

Principles of Vocational Instruction

The practical values of the otjectives of any field of 
endeavor finally depend upon their interpretation at the 
doing level. There are certain basic principles which 
underlie all vocational instruction; and to make effective 
use of time and personnel, these principles should serve as
a guide for the formulation of all teaching plans and pro-

: 1 ' ' - . ■ . v
cedures. '■ - :

The basic principles of vocational education according
; - ' . . ' 2

to Lattig are:
1. Instruction in order to he effective with 

vocational students must be given to se
lected groups.

2. The subject matter to be taught must be 
such as directly functions in the work 
for which the pupil is being trained.

3. Instructors must have been occupationally 
trained in the trade or occupation they are to teach. 1 2

1. United states Office of Education. Principles in ~
Making the Vocational Course of Study in Agriculture 
in the High S c H o o i VocationaYTEducation Bulletin 
No. 98, Agricultural Series No..22.

2. Lattig, H.E. Practical Methods in Teaching Vocational.
Agriculture, n. 7. ....
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4* Individual instruction should be given when
ever necessary to the progress of any member 
of the group.

5. Each individual member of the group should 
be permitted to progress as rapidly as his 
or her ability will permit, and promotions 
should be made at any time on ability to do 
the work .required,

6. Effective training for work can best be given 
on a real job.

7. All subject matter and training should be ar
ranged in the most effective instructional 
order of difficulty.

8. The pupil while being trained should be 
placed in an occupational atmosphere and environment .

9. The instruction and training should be based 
upon prevailing occupational standards.

10. Repetitive training in the various operations 
should be given, such as will enable the 

v - learner to begin work as an economic asset 
rather than an economic liability to his em
ployer.

Use of the Teaching Unit

A teaching unit is a portion of the content of a 
course which can be handled more or less independently of
other portions and which can be completely taught as one

: 3 V :y - y - '
"teaching job.”

In order for the teaching unit to be in keeping with

3 * United states Office of Education. Analysis of the
Operative Jobs of a Corn-growing Enterprise in "Mary
land, Federal Boar? Bulletin No. 118, Agricultural" 
Series No. 32.
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the above listed principles of vocational instruction, it 
must allow classroom study and discussion, field classes, 
practical application to situations on the student*s home 
farm, and sufficient practice of skills to attain profi
ciency to perform the various abilities involved. This can
not be done in a unit of short duration; therefore the area 
of work is divided into large units allowing sufficient time 
for each type of activity. This is in agreement with the
trend toward the use of units of greater duration, especi-
' : ' : '■ ' ' ■ "■ ' ' 1 ' 4

ally in the more advanced courses in vocational agriculture.

Teaching Units of the Area

The area is divided into six teaching units of large 
scope. They are derived directly from the six major ob
jectives of the area, and stated as activities. Following 
is a list of the units, with the suggested number of days 
for each unit. , . ,

Teaching unit
1. Evaluating the fertility of soils

Suggested no. 
of days

2. Analyzing the relationships between
soils and their vegetative cover 4-6

3. Using irrigation water efficiently 7-8
4. Making the land more productive through

proper use of fertilizers 7-8

i». !Love, y.d. and Mckard, C.E. Preparing teaching 
Calendars for Vocational Agriculture ClassesT
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Suggested no.Teaching unit of days
5. Utilizing proved soil-management
. practices 5-7

6. Conserving natural soil resources 3-4
30-40

Seasonal Considerations

The area of content in soil and water management is
not.highly seasonal in nature. Though the units are car-
ranged . in proper ■ sequence. Units III and 17 could, be,re-
versed in order, if such a plan seemed more,appropriate to
local conditions. It is recommended that the area of soil
and water management be the bulk of the work of the first
semester. Including time for establishing home farming
programs, getting the Future Farmer organization under way,
the state fair and.other seasonal, problems, the area on soil
and water management should be completed before the Christ-
mas holidays. This leaves the late winter and spring months
for those areas that require seasonal attention such as
small grains, weeds, special crops, bees, insects, and

5plant diseases. The late spring months are used for sor
ghums and summer truck crops. ...... , 5

5. See Appendix A for the Arizona Suggested Course of
Study for the Third Year of Vocational Agriculture.



PART IT

THE TEACHING- UNITS

Form and Content for a Teaching Unit

The organization of a teaching unit should be made
with one thought in mind: that of aiding the instructor
in planning and teaching the unit* After examining the form
for units used in several states, the plan used by the Uni-

1varsity of Arizona was selected as the most functional.
The units are analyzed into suggested abilities to be learned 
and suggested teaching-learning activities.

The abilities are selected to include the content which 
should be covered in order to attain the objectives of the 
unit. Abilities are classified as understandings. manual 
skills, managerial decisions, and appreciations and Ideals 
which should be acquired by the student. An ability is a 
division of the unit which implies the power to do— to 
perform.

The teaching-learning activities were developed to 
assist the instructor in the following ways: 1 2

1. Cline, k.W. and Schafer, V/.A. Course of Study for klrst
Year Students of Vocational Agriculture.

2. Lancelot, W.h. Permanent Learning. Oh. Vll.
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1. Provide a list of speeioen and field material
2. Suggest opportunities for students to exhibit individual 

initiative
3. Suggest ways to provide occupational atmosphere and en

vironment through use of real situations for learning 
experiences

4# Provide enrichment of teaching methods by suggesting 
several types of activities for students.
For purposes of this study, a teaching-learning

activity is defined as teacher or student participation
(other than reading, class discussion, and note taking)
which furthers the development of the desired abilities on
the part of the learner.

Suggested lists of references for the student and the 
teacher are given with each unit.

Using the List of Teaching-Learning Activities

The teaching-learning activities are a suggested list 
only. It is not expected that any class would use all of 
the activities. It is merely a list of suggestions in a 
convenient place for the use of teacher and students.

The units in this area are large enough and of such 
character that one or more field trips should be planned 
for each. There are also some good motion pictures avail
able for each unit as well as slide films for some.

It is not recommended that any one type of activity be 
used exclusively, but that a variety of materials and pro
cedures be used.
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SOIL AND WATER MANAGEMENT
Unit I: Evaluating the Fertility of Soils Days: 4-6

Teaching-learning
Ability to ^ activities

A. Understand how Soils are Formed 
1. The composition of soils

a. Mineral particles and 
their classification

b. Decomposed organic matter

Use film "Formation 
of Soils"

Observe samples of 
rooks from which 
local soils have 
originated

c* Life, in the soil
d . Air 
e. Water
f. Chemical composition

2. Nature of parent material
a. Location and distribution 

of parent material

Collect samples of
partly weathered rocks

b. Resistance of rocks to decay
c. The mineral content of 

rocks
3. Weathering of soil-forming 

materials
a. Heat and cold
b; Freezing and thawing
o. Wind erosion

Conduct a field class 
to study soil profiles 
and examples of soil 
being formed by na
ture (local weathering 
activities)

d. Glaciers
e. Water erosion
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• Teaching-learning
' ' Ability to activities

Unit I: Evaluating the Fertility of Soils (eont•)

f. Chemical decomposition
4« The development of soils

a. Transported soil-forming 
material

Observe and "feel" sam
ples of soil particles

b. Influence of vegetation 
and soil life

c. Climatic influences
d. Drainage conditions
e. Profile development 

B. Use Results of Soil Surveys
I. Basis of classification

Bring in samples of
typical soils found on 
the home farms

a. Mode of formation
b. Texture
o. Groupings

2, Use of the soil survey map

Determine the soil types 
of the home farms of 
students and their im
plications

C. Understand the Fundamental Soil 
Properties
Is The physical properties

a. Texture of the soil
b. Physical structure
c. Permeability
d. Aeration

Observe samples of 
soil separates

"Feel” clay, loam, and 
sandy soils

Observe water capillar 
ity in clay, loam, 
and sandy soils

e. Tilth
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Teaching-learning
Ability to activities

Halt I: Evaluating the Fertility of Soils (eont.)

2. The chemical propertie s
a. Supply and availability Use litmus paper to

of nutrients determine chemical
reaction of soil sam-

b. Acidity or alkalinity pies
o. Salinity

3. The biological properties
a. Decay of organic matter
b. Fixation of nitrogen
c. Transformation of nitrogen
d. Changes in soil mineral 

constituents
e. Ability to support life 

D. Recognize Fertile Soil;
1, Classification and profile Evaluate several soils

as to fertility (use
a. Texture check sheet)
b. Character and thickness 

of topsoil
o. Drainage conditions

2. Soil structure ~
a. State of tilth
b. Ease of tillage

3. Cropping history of the soil
a. Yield figures on present 

and former crops
b. Rotation used

Consult soil maps on 
productivity of soils 
in the community

Demonstrate procedure 
in taking soil samples 
in the field for 
laboratory tests

Pot test of several 
soils, using barley 
(100 gms. of soil for 
14 days, 100 seeds)



24

Teaching-learning
Ability to activities

Unit I: Evaluating the Fertility of Soils (eont.)

c. Quality of irrigation 
water

4. Future productivity of the 
soil ' v - " -

Send a soil sample to 
the soil laboratory

a. Amount of nutrients and 
organic matter present

b. Degree of acidity or 
alkalinity

c. Degree of salinity
d. Availability of irriga

tion water
E. Understand and use Common Soil 

Terms: alkalinity,.bacteria,
fertility, humus, loam, 
salinity, structure, texture, 
nitrogen fixation, profile,

. tilth, type.;. ............ * 1 2

Conduct field trip to 
. study good and poor 
soils

Write a description of 
a soil in the com
munity, making use of 
these terms

Student references:
1. United States Department of Agriculture, Soil 

Survey of (local soils).
2. Weir, W.W. Productive Soils, Chapters I-IV. 

Teacher references:
1. Karraker, F»E. Soils, An Elementary Treatise.
2. United States Department of Agriculture. Soils 

1 x .and Mgn. ,
Weir, W.W. Soil Seienoe . ' Chanters II-VTIl Vi- r- ..
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Unit II: Analyzing the Relationships between
Soils and their Vegetative Cover Days: 4-6

Teaching-learning
Ability to activities 1 2 3

A. Determine the Requirements of Plants
1. Germination period

a. Requirements for germina
tion

b. Soil,conditions favorableto germination
... . ' - .

Use films: “Roots of - 
Plants," "Leaves,"
"How Plants Feed"

Perform germination ex
periment s with saline 
soil, alkaline soil, 
commercial fertilizers, 
and clean sand condi
tions.

o. Soil conditions not favor- Start plant food defi- 
. able to germination cienty experiments

2. Growing period Observe potted plants
such as beans, corn,

a. Requirements for growth radishes, etc.
b. Sources of the essen

tial elements
c. Tilth requirements during

the growing period .
d. Water requirements during 

the growing period
3. Fruition period

a. Requirements for flower
ing and production of seed

b. Influence of water avail
ability during the fru
ition period

B. Understand how Plants Feed
1. Character and habits of Observe root tips with

plant roots a microscope



26

Unit II: Analyzing the Relationships between
Soils and their Vegetative Cover (eont,)

Ability to
Teaching-learning

activities

a. The structure of plant 
roots and how they absorb 
needed materials

Compare root systems of 
alfalfa, barley, and 
onionb. Types of root systems

2. Structure and functions of 
the leaves Observe leaf sections 

under a microscopea. The leaf as a f act ory
Observe leaves that have

b. The leaf as an indi
cator of soil conditions

developed in the shade

3. Structure and functions 
of stems Observe cross sections
a. The stem as a transpor

tation system
of stems under a 
microscope

b. The stem as an indi
cator of soil conditions

C. Evaluate the Effects of Soil 
Life on Soils and Crops Exhibit stems from
1. The enrichment of the soil

plants grown in soils 
with excessive nitro

a. Decomposition of organic 
matter

gen such as barley, 
alfalfa, flax, etc.

Examine with a micro-b. Breakdown of complex 
chemicals ; scope some water that 

has been in contact 
with soil for a few- o. Fixation of nitrogen hours

d. Improvement of tilth Observe nodules on 
roots of legumes

2. Diseases harbored by the soil Observe specimens of 
soil-borne diseases 
such as Texas roota. Fungal and bacterial 

diseases rot, potato scab, 
damping off, etc.
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Teaching-learning
Ability to activities * 1 2

Unit II: Analyzing the Relationships between
Soils and their Vegetative Cover (eont.)

b. Nematodes Exhibit plant specimens
with nematodes

D. Prevent Soil Ruination by 
Unwise Cropping
1. loss of plant food ele- Determine the quantity

ments by cropping of plant food elementsremoved by various
a. Removal rates of local crops 

different crops
b. Crop analysis as a basis 

for fertilization
2. Ways of improving the soil Start an experiment on

with cropping decomposition of straw
and green crops

a. Increasing organic 
matter after grain crops

b. Use of legumes as a hay 
crop to increase nitrogen

o. Use of a green manure 
crop in the rotation

d. Wise use of fertilizers
E. Participate Intelligently in

Discussions of Soil and Plant Conduct terminology 
Relationships contest

Capillarity, chlorophyll, 
essential element, fertilizer 
placement, fibrous root, green 
manure, legume, nitrogen fixa
tion, nodule, osmosis, phloem, 
plant food deficiency, root 
hair, rotation, seedbed, "sick" 
soil, taproot -.
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Unit II: Analyzing the Relationships between
Soils and their Vegetative Cover (eont.)

Student references:
1. United States Office of Education. Our Land and 

its Care. '
2. Weir, W.W. Productive Soils, Chapters III, V, 71. 

Teacher references:
1. Weir, W.W. Soil Science, Chapters IX-%.
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Unit III: Using Irrigation Water Efficiently Days: 7-8

Teaching-learning
Ability to activities * 1 2 3

A, Understand the Relationships Use films: "Irrigation 
of Soil, Soil Water, and Plant Farming," "Muddy
Growth Waters.""Measurement
1. Movement of water in the 

soil
a. How water moves
b. How water is stored

2. Character of soil as it 
affects plant growth
a. Peculiarities of 

Arizona soils
b. Effects of texture on 

water movement and 
water-holding capacity

e. Effects of irrigation 
on structure

3. Character and habits of 
plant roots as they influ
ence irrigation practices
a. Root growth in relation 

to water
b. Use of water stored in 

subsoils .
c. Typical root systems of 

some common crops
B. Apply Irrigation Water

Efficiently .
1. Preparation for irrigation

of Water?
Perform capillary-rise 

experiments with 
gravel, sand, silt, 
and clay

Perform water penetra
tion experiments with 
different types of 
soil, and those high 
and low in organic 
matter

Collect and study speci
mens of root systems 
such as alfalfa, cotton, 
barley, truck crops

Use farm level to lay 
off and check ditches (farm shop)
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Teaching-learningAbility to activities

Unit III: Using Irrigation Water Efficiently (eont.)

a. Ordering water
1) Size of head; size and 

use of controls, length 
of run, width and char
acter of borders or

; rows, slope of run, soil 
texture, soil structure

2) Duration of run; pene
tration desired, soil 
texture, acres to be 
irrigated, moisture 
conditions of the 
soil, climatic condi
tions, state of tilth

Conduct field trip:
(a) to observe ir
rigation structures;
(b) to observe and 
practice irrigation;
(c) to check water 
penetration

b. Fixing ditches
o. Establishing drains
d. Killing gophers

2. Using controls
a. Head ditch
b. Dams and weirs
o. Equalizing basins
d. Spiles

3. Stopping leaks
a. Gopher hole s
b. Around head gates
e. Break-throughs

Make gopher probes in 
farm shop

Construct controls in 
farm shop

4. Sequence.of borders or furrows
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Teaching-learning
Ability to activities * 1 2 * 4 5

Unit III: Using Irrigation Water Efficiently (cont.)

5. Getting correct penetration Make soil probe in
farm shop

a. Checking penetration 
with probe, soil tube, 
shovel

b. Variations in penetration 
in a field

c. Correcting penetration
problems .

C. Solve Water Management Prob
lems in Relation to SpecificCrops Make out irrigation

... » schedules for crops
1, Alfalfa . : from preparation for

planting through har-
2. Barley and small grains vesting
3* Grain sorghums
4. Cotton
5. Pastures
6. Citrus
7. Flax

D. Plan and Develop a Pump System Take water samples and 
of Irrigation send to laboratory

for analysis of salt
1, Water codes content
2. Water analyses
3. Measuring flow
4. Determining costs

Conduct field trip to 
measure flow
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Unit III: Using Irrigation Water Efficiently (oont.)

Student references:
1. United States Department of Agriculture. Practical 

Information for Beginners in Irrigation, Earner*3 
Bulletin ¥o. 864•

2. United States Department of the Interior, Bureau
of Reclamation. Farmer's Irrigation Guide, Conser
vation Bulletin No. 2.

3. University of Arizona. Irrigation in Arizona.
■ Agricultural Extension Service Circular Mo. 123.
4. Weir, W.W. Productive Soils, Chapters Till and IX. 

Teacher references:
1. Cullison, J.R. Jobs and Practices in Irrigating and 

Managing Soils; pp. "lS-23 irrigation requirements
of cotton, alfalfa, sorghums, small grains; pp. 14- 
17 irrigation units; pp. 9-13 terminology of soil 
water with sample problems.

2. Israelsen, Orson W. Irrigation Principles and 
Practices.

3. Johns-Manville. Supplemental Irrigation.
4. University of Arizona. Citrus Chlorosis as Af

fected by Irrigation and Fertilizer Treatments. 
Agricultural ExperimentStation Bulletin Ho. 124, 
pp. 206—214.

5. University of Arizona. Interpretations of Water 
Analyses. Agricultural Extension Service CircularNo. 107.

6. University of California. Measuring Water for Ir
rigation. Agricultural Experiment station ‘Bulletin 
No. 58$. A complete booklet on measuring water. 7

7. Wade, Ivan D. Irrigation Structures and Equipment. 
Has plans for a good leveling drag,an irrigation 
ditcher, metal dam, spiles, and concrete drop for 
lateral. Has illustrations of ditch controls which are good.
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Unit IT: Making land more Productive through
Proper Use of Fertilizers Days: 7-8

Teaching-learning 
Ability to activities 1 2 3

A. Analyze the Plant-Food- 
Element Balance of the Soil
1. Elements removed by crops

a. Amounts of plant-food 
elements removed by 
Arizona major crops

b. Sources of these ele
ments

2. Storehouse of elements in 
the soil

Use films: "Life of the 
Soil," "Putting Plant 
Food to Work," "Ma
chine Placement of 
Fertilizer”

Make a chart of major 
crops showing plant- 
food removed per 
acre

a. Plant food elements 
present in the soil

b. Availability of plant 
food elements

c. Probable deficiencies 
under local conditions

3. Balancing the account
a. Ways of adding needed 

elements
b. Ways of making and keep

ing elements available
B. Understand the Characteristics 

of Essential Plant Food Elements
1. Major fertilizing elements

a. Nitrogen
b. Phosphorus
c. Potassium

Make a chart of use of 
elements in plants, 
and deficiency 
symptoms
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Teaching-learning
Ability to activities 2 3

Unit IT: Making Land more Product ire
through Proper Use of Fertilizers (eont.)

2. Secondary elements
a. Calcium
b. Magnesium
o. Sulphur

3. Trace-essential elements
a. Boron
b. Manganese , .
c. Copper
d. Zinc
e. Iron
f. Iodine

C. Select Fertilizers Intelli
gently
!• Determine plant food 

deficiencies
a. Soil tests
b. Plant observations and 

tests

Interpret results of 
deficiency experi
ments

Exhibit samples of plant 
food elements grouped 
according to the 
three classes

Take soil samples and 
. send to laboratory 
for analysis of 
plant food element

o. Field experiments
2. Fertilizer requirements of 

crops
a. Amount of elements used 

by crops
b. Feeding habits of crops
c. Experimental results

Conduct field trip to 
observe crop experi
ments with fertiliz
ers
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Teaching-learning
Ability to activities 1 2

Unit IV: Making Land more Productive
through. Proper Use of Fertilizers (oont. )

3. Buying a fertilizer Make a table of common
a. What is in the bag
b. Characteristics of com

mon fertilizer materials
c. Price of elements
d. Barnyard manure as a 

fertilizer
e. Returns from the fer

tilizer dollar
D. Formulate and Follow a Program 

of Soil Fertilization
1. Establishing a fertiliza

tion program ,
a. Crops in the rotation 

to fertilize
b. Stages for fertilizer 

application
c. Using fertilizers with 

organic matter
2. Applying fertilizers Conduct a field trip

to observe fertilizer
a. Problems of applying placement machinery

fertilizers at work

fertilizer elements 
and their character
istics

Procure and study 
specimens of fer
tilizers

Demonstrate the making 
of plant-food defi
ciency tests of soil 
and plants

b. Recommended methods for 
major crops

o. Machinery for application
3. Amount to apply V~

a. Soil deficiency
Observe local crop ex
periments
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Teaching-learning
Ability to activities

Unit IT: Making Land more Productive
through. Proper Use of Fertilizers (cont.)

b. Needs "of crops to be fer
tilized Demonstrate effects of

. nitrogen on potted
c. Residual effects desired plants
d. Experimental evidence
e. Formula of fertilizer . 

selected
f. Field trials ..................... 1 2 3

Student references:
1. United States Office of Education. Our Land and 

its Care.
2. University.of Arizona. Fertilizer Handbook for 

Arizona Farmers. Agricultural Experiment Station 
Bulletin Uo. 2(59. .. .

3. Weir, W.W. Productive Soils. Chapters XEI-XEII.
Teacher references:

1. Bear, Firman E. "Fertilizers and Human Health." 
Better Crops with Plant Food; reprint January 2, 
1 9 4 V A  leaflet for free distribution giving both 
sides of the controversy over use of chemical fer
tilizers in the garden.

2. Collings, G-.H. Commercial Fertilizers.
3. Cook, R.L. and Millar, C.E. Plant Nutrient Deficiencies.
4* Hayne, Ralph A. Make the Soil Productive. A book

let for free distribution that has many pictures 
and charts which would be excellent for the opaque projector.
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Unit IV: Making Land more Productive
through Proper Use of Fertilizers (cont.)

5• Millar, C.E. and Turk, L.M. Fertilizers. What They 
are and How to Use Them. A very good bulletin written in a practical style.

6, United States Department of Agriculture. Home 
Miring of Fertilizers. Leaflet No. 70.

‘ 7. United States Department of Agriculture. Soils; ssi Mss..
8. University of Arizona. Cotton Fertilizer Experi

ments in the Salt River Valley. Agricultural 
Experiment" Station Bulletin No. 129.

9. University of Arizona. Eleventh Annual Report of 
the Arizona Fertilizer Control Office. Special 
Bulletin. Gives fertilizers used inArizona, 
grades used, and report of laboratory analyses of 
marketed fertilizers.

10. University of Arizona. Fertilization of Alfalfa
on Alkaline Calcareous Soils. Agricultural Experi
ment Station Bulletin~No.Ii>4.

11. Weir, W.W. Soil Science. Chapters XX-XXIV.



Unit T: Utilizing Proved Soil-Management
Practices Days: 5-7

Teaching-learning
Ability to activities

A. Analyze Soil Conditions
1. Making soil reaction tests

a. Collecting samples
b. Making the tests
e. Interpreting results of 

the tests

Use films: "Hunger 
Signs,* "Harvest for 
Tomorrow"

MaStk::-:, pH tests of soils 
on several farms in 
the community

2« Determining soil defi
ciencies
a. Cropping history
b. Soil analyses

Collect and send sever
al soil samples to 
laboratory for analy
ses

c. Observation of plant 
growth

d. Experimental techniques
3# Determining structural con

ditions Conduct field trip to
examine soil struc-

a. Cropping history ture
b. Field observations

4. Determining presence of disease
a. Disease signals
b. Proof of disease

B. Improve Tilth ' Learn the operation of
tillage machinery in1. Objects of tillage farm shop course
(teach as relateda. Loosen and pulverize unit)soil
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Unit V: Utilizing Proved Soil-Management Practices (cent.)
Teaching-learningAbility to ... activities

b. Deepen the seedbed
o. Turn under organic matter
d. Mix materials into the 

soil

Conduct demonstration 
on plowing and other 
operations in prepar
ing a seedbed

e. Compact the soil
f. Kill weeds
g. Conserve moisture

2. Seedbed preparation
a. Irrigating
b. Plowing
o. Discing
d. Harrowing
e. Bordering and furrowing
f. Firming

3. Seeding and planting
a. Special problems in 

Arizona cropping
• b. Drilling
c. Broadcasting
d. Listing
e. Barring-over

4. Cultivation and inter- 
tillage

Conduct field trip to 
observe (a) seedbed 
preparation, (b) 
newer methods of 
planting, (e) culti
vation

(These field classes 
.may be taught as re
lated units)

a. 'Why cultivate
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Unit V: Utilizing Proved Soil-Management Practices (oont.)
Teaching-learning

Ability to activities
b. When to cultivate
c. Cultivating equipment

C. Improve Soil Structure Demonstrate effects of
gypsum on black al-

1* Combating alkali kali and white alkali
soilsa* Check drainage condi

tions Study samples of soil
amendments

b. Use soil amendments and 
organic matter

c. Use a wise irrigation 
program

2. Increasing and maintaining
organic matter Conduct field trip on

handling manure
a. Value of organic matter
b. Farm manures
c. Green manures and cover 

crops
d. Crop residues
e. A program for maintaining 

humus 3
3. Correcting a puddled soil 

condition
a. Fallowing
b. Organic matter
o. Leveling
d. Prevention
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Teaching-learning
Ability to activities

Unit V: Utilizing Proved Soil-Management Practices (oont. )

4. Program for improving soil
structure
a. Maintaining calcium in 

the soil
b. Maintaining organic matter
c. Irrigation program
d. Tillage practices

D. Select Proper Cropping Systems
Make cropping plan for

1. Purpose of rotations home farm, showing
cropping system;

a. Helps control of in- when fertilized;
sects and diseases tillage schedule; and

approximate irrigation
b. Helps accumulation of schedule

organic matter
c. Improves soil structural 

conditions
d. Favors conservation prob

lems
e. Favors fertilization 

problems
f. Helps control weeds

2. Factors in selecting a rota
tion ’
a. Proper combination of types 

of crops
b. Proper order of cropping

3. Selecting crop to grow
a. Properties of the soil
b. Production problems



, , Teaching-learning 
Ability to activities

Unit V: Utilizing Proved Soil-Management Practices (cont.)

c. . Farm management problems
d. Market conditions

4. Planning practical rotations
a. Select rotation
b. Determine tillage program
c. Determine fertilization 

program
E. Obtain necessary Information on 

Soil-Management Practices
1. The farmer develops by experi

menting
a. Fertilizer problems
b. Irrigation problems
c. The farm activities record
, . book : , . ., : . ;' 2 3

2. The farmer uses experiments 
of others
a. Determine applicability
b. Best interpretation
c. Conflicting data

3. Use of the United States : 
Department of Agriculture
a. County agent
b. Vo-Ag program

Send for bulletins per
taining to home farm
ing programs, and 
plans for the future

o. Bulletins
d. Farm legislation



Unit 7: Utilizing Proved Soil-Management Practices (oont.)
- Teaching-learning

Ability to activities

4. Commercial companies
. ---a. Market c onditions

b* Special problems

Student references:
1. Allis-Chalmers Manufacturing Cmapany. Farm Prac

tices; Plowing, Harrowing, Planting, Cultivating.
2. New Idea, Inc. If Tour Soil Could Talk to You.
3. University of Arizona. Fertilizer Handbook for 

Arizona Farmers. Agricultural Experiment Station 
Bulletin No. 269.

4. University of Arizona. Preparation and Use of 
Seedbed. Agricultural Extension Se'rvice' cTrcular
Mo. lo2.

5* Yfeir, W.W. Productive Soils, Chapters Z-ZI, %7. 
Teacher references:

1. Cullison, J.R. Jobs and Practices in Irrigating 
and Managing Soils, pp. 1-3• A good summary on 
green manure.

2. University of Arizona. Fitting Cropping Systems
to Water Supplies in Central Arizona. Agricultural 
Extension Service Circular Mo. 127.'

3# University of Arizona. Gypsum, A Soil Corrective 
and Soil Builder. Agricultural Experiment Station 
Bulletin No. 266. Gives important information in 
reclaiming puddled soils and in prevention of puddling v

4. University of Arizona. Interpretation of Soil An
alyses. Agricultural Extension 3ervice"""Circular 
No. 108. Gives help in interpreting the laboratory report.

5. University of Arizona. Sulphur. A Soil Corrective
Builder. Agricultural Experiment Station Uull®tln No. 201. A companion bulletin to $3 above



Unit 71: Conserving Natural Soil Resources Days: 3-4.

Ability to
A. Control Processes of Erosion

1. Types of erosion
a. Sheet erosion
b. Gulley erosion
o. Rill erosion
d. Wind erosion

2. Erosion controls
a. Contour farming ,
b. Strip cropping
c. Terracing
d. Gulley control
e. Mulching
f. Windbreaks
g. Cover crops
h. Reforestation

B. Conserve Plant Nutrients
1. Cropping losses

a. Manure
b. Commercial fertilizers
c. Green-manure crops
d. Plant residues

Teaching-learning
activities

Use films: "In Common 
Cause," "Thet Other 
Side of the Pence"

Conduct field trip to 
observe erosion

Make a plan of nutrient 
conservation for the 
home farm
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Teaching-learning
Ability to activities

Unit VI: Conserving Natural Soil Resources (oont.)

2. Losses by fixation
a. Organic matter
b. Use of acidic fertilizers
c. Control of alkalinity

Display pictures on 
soil erosion control 
practices

B. Prevent Waste of Water
1. Ways to prevent waste 

of water
a. Delivery ditches

Have official of Soil 
Conservation Service 
discuss problems and 
practices of conserve 
tion for the area

b. Land preparation Visit a soil conservation project
c. Soil structure and 

profile
d. LSanageaent of delivered 

water
2, Efficient use of small allo

cations of water
a. Choosing a cropping 

system
b. Problems of application
o. Increasing supply by use 

of normal flow and free 
water

d. Enriching the soil
C. Understand the Objectives and 

Work of the Soil Conservation 
Service
1. Services offered
2. Conservation districts



Unit VI: Conserving Natural Soil Resources (oont,)

Student references:
1. United States Department of Agriculture, Soil Con

servation Service. Soils and Security.
2. University of Arizona. Fitting Cropping Systems 

t° 'W&ter Supplies in Central Arizona. Agricul
tural Extension Service Circular No'.' 12?.

3. Weir, W.W. Productive Soils. Chapter XVI.
Teacher references:

1. Romlt, l.M. Soil Defense of Range and Farm Land 
in the Southwest, fke best source of information 
on erosion problems on the range.

2. Sharpe, C.F. Stewart. What is Soil Erosion. A 
good bulletin on erosion, wlTTE excellent iTlustra- 
tions that could be used with an opaque projector 
or enough copies supplied to students.

3* United States Department of Agriculture. Soils and Men. 4
4. Weir, W.W. Soil Science. Chapter XXV.



Glossary of Soil Terms

Adhesion, soil and water: The force holding like particles
together

Aggregate, soil: .A cluster of soil particles cemented to
gether2*

Alkali; A concentration of soluble salts to such an extent 
as to be detrimental to plant growth!

Alkali soil: A soil containing soluble alkaline salts
Alkali soil, black: A soil which is so highly alkaline in

its reaction that the soluble sodium dissolves the 
organic matter of the soil, which appears as a brown or 
black crust on the surface

Alkali soil, white: A soil with a white salty crust on the
surface; as commonly used, any alkaline soil that is not 
a «black alkali soil"

Alkaline: Hot acid in reaction; pH above 7.0
Alluvial: Sediment deposited by running water^

Bedrock: The solid rook underlying soils and other super
ficial formations!

Border: The space between border ridges2
Calcareous soil: Soil containing sufficient calcium car

bonate to effervesce visibly when treated with hydro
chloric acid!

Caliche: A more or less cemented deposit of calcium car
bonate or of mixed calcium and magnesium carbonates, 
characteristic of soils of warm or hot desert and semi- 
arid regions^ ..

Capillarity: The subbing movement of water from thicker tothinner films2

Lgures refer to the sources at the close of the Glossary.



Capillary water: Water which is held by the soil against
gravity after all free water is allowed to drain oat, 
but which is free to move from soil particle t© soil 
particle*-

Class, soil: A classification of soils based oh size of
soil particles in the topsoil material and the propor
tion of each

Clay: The small mineral soil grains, less than .002 mm.
in diameter; When moistened, they become sticky

Cohesion: The force holding unlike particles together^
Colloid, soil: Both organic and inorganic matter having

very small particle size and a correspondingly high 
surface area per unit of mass!

Colluvial: Material accumulated at the foot of steep
slopes4

Consistenoe, soil: The state of the soil material adhering
together en masse as measured by resistance to separation 
or deformation, these properties may be described, for 
example, as plastic, sticky, friable, mellow, crumby,5 compact, loose or open, soft, firm, hard or cemented.5

Crop rotation: A system of growing different kinds of
crops in recurring succession on the same land4

Crust: A brittle layer of hard soil formed on the surface
of many soils when dry-1-

Cumulose: Accumulation of partly decayed plant remains*-

Desert soils: A zonal group of soils having a light-
colored surface soil, usually underlain by calcareous 
material and frequently by a hardpan; developed under 
extremely scant vegetation in warm to cool arid climates1

Dispersion: Breaking soil crumbs into their original
. particles— sand, silt, and day*

Erosion, soil: Removal of soil material from the solum by
wind or running water, including normal soil erosion and 
accelerated soil erosion. Sometimes used loosely in reference to accelerated erosion only1



Fertility of soil: The quality that enables.a soil to pro
vide the proper compounds, in the proper, amounts and in 
the proper balance for the growth of specified plants 
when other factors such as light, temperature, and the 
physical condition of the soil are favorable^

Fertilization: The process of adding fertilizing elements
to the soil or rendering available the elements present in the soll4

Field water-holding capacity: The water held by the soil
. against the forces of gravity and capillarity; stored 
' water2 - ^ - - , .

Film: The very thin water coating around soil particles
and; crumbs2 ^

Flocculate: To combine soil particles into crumbs or aggre
gates2

Freeze up: To become too tight to take water, as dispersed
soils2

Glacial: Soil-forming material laid down by ice sheets ofglaciers4
Gravitational or free water: Yfater which, if opportunity

be given it, will flow off or run down through the soil. and away because of gravity*-
Green manuring: Plowing under of green crops for soil im

provement*
Gypsum: A calcium sulphate soil amendment used to correct

black alkali condition2

. Hardpan: A hard and impervious substratum; it may vary in
thickness from a few inches to three feet or more*

Head, water: The quantity of water flowing in a stated
unit of time2

Horizon, soil: A layer of soil approximately parallel to
the land surface with more or less well-defined charac
teristics that have been produced through the operation 
of soil-building processes; Horizon A, Horizon B, Horizon C, Horizon Dl



Horizon B: The horizon of deposition, commonly called the
subsoil

Horizon C: The horizon just beneath Horizon B leached of
its carbonates

Horizon D: The calcareous material beneath Horizon 0 which
shows.some oxidation

Humusi The well-decomposed, more or less stable part of 
the organic matter of the soil2

Hygroscopic water: Moisture which exists in air-dried
soil, or in soil in which plants permanently wilt4

Horizon A: The upper portion of the soil mass; ineludes
the horizons commonly called ’'surface” and ’’subsurface”

Inoculation, soil and seeds: Adding the necessary symbi
otic bacteria for nodule formation with a particular 
legume

Lacustrine: Sediments which had accumulated in glacial. lakesk .. '
Leaching: Removal of materials in solution, usually refer

ring to moving of salts to lower levels in the soil
Loams: A mixture of sand, silt, and clay in such propor

tions. that the properties of none of these predominates
Loess: Deposits of wind-borne material^

Marine: Sediments which had accumulated in sea water^
Moisture equivalent: A laboratory measurement of the field

holding capacity of the soll2
Mulch: Any material such as peat moss, straw, paper, leaves

grass, or loosened surface of the soil used to conserve 
moisture, to control weeds and soil washing, for fertiliz 
ing purposes, or for ground and plant protection, or for 
any combination of these reasons

Nitrification: The conversion of ammonia into nitrates bynitrifying bacterial



Nitrogen fixation: The conversion of atmospheric nitrogen
to nitrogen compounds; in soils, the assimilation of
free nitrogen from the air by soil organisms

Organic matter: The more or less decomposed material of
„ the soil derived from organic sources, usually from 

plant remains^
Osmosis: The passage of water through a membrane, as the

passage of water through the cell wall of root hairs
Oxidation: Any chemical change involving the addition of

oxygen or its chemical equivalent

Particles, soil: The original soil units which combine to
make crumbs— sand, silt , clay2

Percolation: The passage of free or gravitational water
straight down through the soil4

pH:; A symbol for designating concentrations of alkalinity 
and acidity (negative logarithm of the concentration of 
hydrogen ions); a pH value of 7.0 is neutral and values 
less than this are degrees of acidity, values greater 
than this are degrees of alkalinity

Plow sole: A compacted and hardened layer in the soil
caused by repetitive plowing at the same depth

Profile: A vertical section of soil showing the various
zones or layers exposed, usually to a depth of six feet2

Reduction: Any chemical change involving the removal ofoxygen or its chemical equivalent3
Residual: Material from, rock weathering which remained In

place where it formed*
Root cap: The cushion of tissue covering the growing tip

of a root; it enables the tip to penetrate the soil 
without injury to the growing tip

Root hair: A single-celled hairlike outgrowth of the
epidermis found near the growing tip of a rootlet; its



Sand, particles: The coarsest of the three soil separates,
having diameters ranging from .05 to 1 mm.
- ' : ■■ - ■ . : ' ' .. -■ ■ . .Seepage: Slow lateral movement of free soil water*

Separates, soil: The individual size groups of soil par
ticles such as sand, silt, and clayl

Series, soil: A class name which designates a „group of
different soil types (differing in texture) but which 
have certain identical distinguishing characteristics by 
reason of the fact that they developed under the same 
climatic conditions and vegetable cover and from materi
al which originated and accumulated in the same manner^

Silt, particles: The middle-sized group of soil separates,
ranging in size from .002 to .05 mm.

Soil: A natural body on the surface of the earth in which
plants grow, composed of organic and mineral materials!

Solum: The upper part of the soil profile, above the parent
material, in which the processes of soil formation are 
taking place. In mature soils this includes the A and 
B horizons, and the character of the material may be 
and usually is greatly unlike that of the parent material 
b e n e a t h ! .....

Structure, soil: The natural arrangement of the soil particles within a soil4 . .. ;
Subsoil: Roughly, that part of the solum below plow depth*
Survey, soil: A map of soil types usually covering a

county with a report on descriptions of the soils and 
their agricultural values. The United States Department 
of Agriculture in cooperation with the several States 
and Territories has surveyed thousands of acres of land4 ; - V...r. : ^

Saline soil: A soil/ containing an exoess of soluble salts,
more than approximately .2 per cent, not excessively al
kaline, pH less than 8.5*

Texture, soil: The quality of soil material which denotes
coarseness or fineness, as it is determined by the quan
tities of sand, silt, and clay composing the material^

Tilth: The physical condition of the seedbed with respect
to mellowness and firmness, indicating whether or not
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the soil is capable of favoring germination or promoting plant growth*
Time-period, irrigation: The length of time water is on

the surface of the ground2
Topsoil: A general term applied to the surface portion of

the soil, including the average plow depth or the A Hori
zon where this is deeper than the plow depth3

Transpiration: The breathing process of plant leaves^
Type, soil: (1) An individual soil which has clearly-

defined distinguishing features; (2) a group of soils 
having similar characteristics, including texture and 
profile arrangements

Water table: The surface of the free water, or ground
water, in a soilS

Weathering: The physical and chemical disintegration and
decomposition of rooks and minerals^

Wilting point: The moisture content of soils at which
plants wilt; plants cannot reduce the moisture content below this point2

Sources for Definitions in Glossary:
1. Doane Agricultural Service, Inc.

D.A.S. Agricultural Digest. 1943, PP« 645-648.
Doane Agricultural Service, Inc., St. Louis, Mo.

2. Turville, E.S. et. al.
Irrigating in Arizona.
university of Arizona, Agricultural Extension Ser
vice Circular No. 123.

University of Arizona, Tucson, 1944. 60 pp.
3. United States Department of Agriculture

Soils and Men, Yearbook of Agriculture.
United States Department of Agriculture, Washington, 1938. 1232 pp. 4

4. Weir, W.W.
Productive Soils.
J.U. Lipplnoott Co., New York, 1946. 325 pp.
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5. Weir, W.W.
Soil Science.
tT.B. Lippincott Co., New York, 1949. 615 pp.



PART 7

TEACHING RELATED UNITS

A related unit Is one that:
1. Is of a different area of work from the main unit
2. Contains content definitely related to that of the main

unit ' : " ' " '
3. Includes content necessary for the full teaching of the 

main unit
4. Is broader in scope and therefore contains content that 

cannot be conveniently included in the main unit
5. Serves to enrich and enlarge the content of the main 

unit by furthering appreciation, establishment of 
ideals, standards, and practices.

Values of Related Units

Some of the content appropriate to the area of work 
is best taught in the farm mechanics phase of the program 
of vocational agriculture. If the agricultural curriculum 
is planned so that the units in farm mechanics which have 
content related to units in the agricultural classes are 
taught at the same, time as those units, better teaching in 
both classes will result.

There are many activities in soil and water manage
ment which can be carried on as a part of the student's 
supervised farming program. The correct time to teach



these jobs is during the units on soil and water management. 
This enables the student to carry the managerial problems 
to completion and stimulates greater interest and attentive
ness. . ...... . ... - . T .

List of Some Related Units

The following units can be advantageously treated as 
related units and taught during the time in which the area 
of soil and water management is being taught:
Units in Farm Mechanics'*'

Farm leveling and surveying
Planning an irrigation layout for a farm 
Changing the direction of borders on a field 
laying out an Irrigation ditch 

Farm machinery
Operation of tillage machinery 
Selection of tillage machinery 

Farm concrete work •
Constructing concrete projects for use in irrigating

Supervised Farming Activities 
Improvement projects

Analyzing soil problems on home farm

1. Culllson. J.k. and dllne. R.W. Suggested Course of
Study in Farm Mechanics for Departments" of''Vocational 
Agriculture in~Arizona/

2. Michigan State Uollege, Department of Education.
Instructional Guide for Supervised Farming Activities 
In Soils for Teachers of Vooational"%griQulture.
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Determining land use and planning cropping systems 
Controlling erosion and leaching 
Preparing land for irrigation 
Constructing and maintaining waterways 
Releveling land 
Killing weeds on ditches 

Supplementary;farm jobs : :
Setting production goals 
Testing the soil :
Using commercial fertilizers and soil supplements 
Using and caring for barnyard manure 
Using green manures and crop residues 
Preparing the seedbed ' .
Seeding and planting .
Cultivating the crop 
Using irrigation water efficiently 
Applying irrigation water to specific crops 
Preparing land for irrigation ;:•••
Measuring the flow of water .
Cleaning ditches. . . —



. PART VI 

RSFHRMCE laATERIAIS 

Types of References . ,

Many types of instructional material are available as 
aids in teaching the area of content in soil and water man
agement. The use of varied materials can make the study of 
this area an interesting educational experience for students 
of vocational agriculture.

There is no need for the teacher to relapse into the 
lecture method of teaching the units in this area. Listed 
in this study are some of the thousands of references which 
are available to the teacher.

The following types of references are recommended in 
this study:

Books • Film, motion and strip
Bulletins Charts and maps
Magazines and papers Specimen material^
Mimeographed material Field material^

1. Specimen materials are representative samples of real
material which have been collected, preserved, clas
sified, mounted, or otherwise treated to enhance 
their value as teaching aids.

2. Field materials are any objects or situations used in
their natural settings (outside the classroom) for 
instructional purposes.
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Criteria for Selecting Student and 
Teacher References

The reference materials which, have been recommended 
were selected after careful evaluation with criteria com
piled from professional books, Agricultural Education Maga
zine, the files of the Department of Agricultural Education 
at the University of Arizona, and the files of the Depart
ment of Audio-Visual Aids at Mesa High School.

The criteria were made into check sheets (see Appendix 
B) and used as evaluation forms for accepting or rejecting 
reference materials. A survey was made of the available 
references, and the ones with apparent applicability were 
procured and evaluated. Those materials which were approved 
have been listed with the units in which they are used or 
in this section (Part VI) of the study.

I. Criteria for Evaluating Text and Reference Books for 
the Study of Soil and Water Management

A. Nature of content
1. Accurate, authentic, and up-to-date
2. Adapted to the agriculture of the region
3. Adapted to the immediate and future needs 

of young farmers
4. Presents a range of data appropriate to 

the abilities of various members of the 
class 5

5. The content indicates that the author has 
a broad understanding of his field and its 
relation to the business of farming as a unit
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6. The content Included Indicates the author 
has an understanding of the objectives of 
education, modern trends in philosophy, 
and the laws of learning

B. Organization and presentation of data
1. Approach to the problem natural and Inter

esting
2. Sequence arranged for best pupil interest 

and problem-solving approach
3. Content organized around appropriate 

teaching units
4. Factual information presented in clear, 

concise form
5 Gont ent written on vocabulary level that 

the learner can understand
6. Use of graphs, tables, drawings, and pic

tures
7. Source and supporting evidence for data given
8. Appropriate list of references

C. Mechanical arrangement
1. General appearance of the volume
2. Type large and clear, on good stock of 

paper
3. Sufficient margin and bold type headings 

for all main topics 4 * 6
4. illustrations artistic, clear, and tell a story
5• Cross index complete and easy to use
6. Binding of good quality

II. Criteria for Evaluating Bulletins
A. Nature of content
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1. Deals with problems important in local 
agriculture

2. Technical data appropriate for high school 
students

3. Content up-to-date
4. Application to local conditions
5• Based on adequate experimental or other 

acceptable data
6. Improved farm practices specifically set up

B. Organization and presentation of data
1. Written in clear concise form
2. Organized on a functional or doing basis
3. Content written on vocabulary level that 

the learner can understand
4. Use of graphs, tables, drawings, pictures

C. Mechanical, arrangement .
1. Illustrations clear and appropriate
2. Type large and clear, on good stock of 

paper
3. Information easy to find

D. Availability
1. Available in sufficient quantities for 

class use
2. Reasonable expense involved in obtaining 

the publication
III. Criteria for Evaluating Motion Pictures and Film Strips

A. Mature of content
1. Contributes specifically to the unit forv which it is proposed
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2. Tells the truth without distortion
3. Limits itself to a definite problem
4. Requires little explanation
5. Authentic and up-to-date
6. Adapted to the agriculture of the region

B. Organization and presentation of the data
1. Sequence of photography shows adherence 

to good educational procedure
2. Shows natural arrangement
3. Shows action in a real setting
4. Presents data interestingly
5. Incites further study and discussion

C. Mechanics of the film
1. Photographic quality good— lines sharp, 

facts stand out, modern material 2 3 4 5
2. Length of film long enough to make it 

worthwhile and short enough for ease of 
handling it as an educational technique

3. Reasonable cost 
IT. Criteria for Evaluating Charts

A. Type of chart
1. Is the type of chart appropriate to the 

data presented?
2. Are the symbols self-explanatory?
3• Are the data easily-interpreted?
4. Are the comparisons accurate enough?
5. Are all the essential facts Included?

B. Content of the chart



1. Is content 'mppreporlate'' to the stihj ect or 
problem?

2. Are the data reliable?
3. Are the data up-to-date?
4. Is source of information indicated?
5. Is content sufficiently limited in scope?

C. Appearance of chart
1* Do the colors attract the eye?
2. Is the lettering large enough?
3. Is the style of lettering easily read?
4. Is lettering well spaced?
5. Is the chart large enough?

Li st of References

The lists of student and teacher references on the unit 
breakdown sheets include the bulletins and books recom
mended for each unit. All references are classified here for 
convenience.

Student references: ,
Allis-Chalmers Manufacturing Company

Farm Practices: Plowing, Harrowing, Planting. Culti- yatlng .
Allis-Chalmers Manufacturing Co., Milwaukee, n.d.

253 pp., free distribution
New Idea, Inc.

If Tour Soil Could Talk to You
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United States Department of Agrioultnre
Practical Information for Beginners in Irrigation, 

Farmer1’s. Bulletin Ho. 364 U.S. Dept . Agric., Washington, 1932. 37 pp.
United St at es Department of Agriculture, Bur eau of Chemis

try and Soils ; .. ., ; ;
Soil' Survey of. (local soils) . . :rUniversityor Arizona Mailing Bureau, Tucson

United States Department of Agriculture, Soil Conservation 
Service-'
Soils and Security -
U.S. Dept. Agric., Washington, 1946

United States Department of the Interior, Bureau of Rec
lamation-; ^vv . ■ ■:Farmer * s Irrigation Guide, Conservation Bulletin No. 2 
Bureau of Reclamation, Washington,;1947. 40 pp.

United States Office of Education
Our Land and its Care \ ;
American PlahTTood Council, Inc., Yfashington, n.d.

64 pp.
University of Arizona

Fertilizer Handbook for Arizona Farmers 
Agricultural Experiment Station Bulletin No. 209 
University of Arizona, Tucson, 1947. 37 pp.
Fitting Cropping Systems to Water Supplies in Central 

: Arizona “ “ “
Agricultural Extension Service Circular No. 127 
University of Arizona, Tucson, 1946. 16 pp.
Irrigating in Arizona
AgriculturaTTExtension Service Circular No. 123 
University of Arizona, Tucson, 1944. 60 pp.
Preparation and Use of Seedbed
Agricultural Extension Service Circular No. 102
University" of Arizona, Tucson, 1937• 11 pp.

Weir, W.W.
Pro&uotive Soils. . -

. «i.B. Lippincott Co., New York, 1946. 325 pp.
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Teacher references:
Bear; FilMaan Ei . ' - ^

"Fertilizerg and Human Health*Better Crops with Plant Food,.reprint January 2, 1947 
American Potash Institute, Tno., Washington, D.C., 1947* 
'7'PPi- ,

coiiî s, :
Commercial Fertilizers
The Biakiston Co., Philadelphia, 1947 * 480 pp.

Cook, R.Iu and Millar, ,C.E.
Plant Nutrient Deficiencies ;Agricultural Experiment Btation, Special Bulletin 
No. 353 .Michigan State College, East Lansins, 1949* 80 pp.

Cullison, J.R..........................Jobs and Practices in Irrigating and Managing Soils 
University of Arizona, Department oî Agricultural Idu- 

oation Bulletin No. 27
Arizona State Department of Vocational Education, 

Phoenix, 1946. 24 pp.
Doane Agricultural Service, Inc.

D.A.S. Agricultural Digest, 23 sections
Uoane’ Agricultural Service, Inc., St. Louis, 1949*

Hayne, Ralph A.
Make the Soil Productive
InieraatlohaT harvesterCo., Chicago, 1940. 64 pp.

Israelsen, Orson W.
Irrigation Principles and Practices
John Wiley & Sons, Uew York, 1932. 422 pp.

Johns-Mahville.J :1
Supplemental Irrl^tion
Johns-BSanvlile, Los Angeles, 1945. 619 pp.

E^rraker, P.E._\
Soils. An Elementary Treatise 
University of Kentucky Circular No. 54 
University of Kentucky, Lexington, 1939. 6 3 pp.

Millar,;C.B;"and Turk, L.M.
Eertlllzers. What They Are and How to Use Them 
Michigan State College Special’ Bulletin Ho. I33 
Michigan State College, East Lansing, 1944. 43 pp.
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Rowalt, E.M. . , .
Soil Defense of Range and Farm Lands in the Southwest 
United SiatesUepartment of Agriculture, Miscellaneous 
; Publication Ro. 338 ;U.S. Dept. Agric., Washington^ 1939• 51 pp.

Sharpe, C.F. Stewart
ffiat is Soil Erosion? ; :
United States Department of Agriculture, Miscellaneous 
Publication No. 286

U.S. Dept. Agric., Washington, 1938. 85 pp.
United States Department of.Agriculture •

Home Mixing of Fertilizers, Leaflet No. 70 
TOTT Dept . Agric., Washington, 1938 . 8 pp.
Soils and Men. Yearbook of Agriculture
IT.S. Dept. Agric., Washington, 1938. 1232 pp.

University of Arizona
Citrus Chlorosis as Affected by Irrigation and Fer- 11 Ilzer^Tre atmen^s . .
Agricultural Experiment Station Bulletin No. 124 
University of Arizona, Tucson, 1928. 232pp.
Cotton Fertilizer Experiments in the Sait River Talley 
Agricultural Experiment Statioir^ull'etTiTllo. 129 
University of Arizona, Tucson, 1929. 20 pp.
Eleventh Annual Report of the Arizona Fertilizer Control Office, Special BulletTn 
University of Arizona, Tucson, 1949. 17 pp.
Fertilization of Alfalfa on Alkaline Calcareous Soils 
Agricultural Experiment ""Station bulletin Mo. 154 
University of Arizona, Tucson, 1936. 26 pp.
Gypsum. A Soil Corrective and Soil Builder '
Agricultural Experiment Station bulletin No.200 
University of Arizona, Tucson, 1945. 14 pp.
Interpretation of Soil Analyses
Agricultural Extension ServiceCircular No. 108
University of Arizona, Tucson, 1940. 9 pp. . ......
Interpretation of Water Analyses 
Agricultural ExtensionService Circular No. 107 
University of Arizona, Tucson, 1940. 5 pp.
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University of Arizona
Sulphur. A Soil Corrective and Soil Builder 
Agricultural Experiment Station’l’TOTi«in h o * 20l 
University of Arizona, Tucson, 1945. 20 pp.

University of California "
Measuring Water for Irrigation
Agricultural Experiment Station Bulletin Ho.-588 
University of California, Berkeley, 1935. 96 pp.

Wade, Ivan D.. ■ _
Irrigation Structures and Equipment 
Agricultural llxtension"‘Servic© Circular No. 757 
University of Nebraska, Lincoln, 1938. 18 pp.

weir, w.w. ' .'±.̂  : v"
. Soil Science

J.b. lipplncott Co. , New York, 1949. 615-pp.

List of Films, Specimen Material, and Field Material: 
Following is a list of films, specimen material, and field 
material recommended for use with the units designated.

I. Evaluating the Fertility of Soils
A. Films

1. ^Formation of Solls"--400 ft., silent, 
Eastman, available from University of 
Arizona, $1.00 -
, .^Introduces the student to the rock- 

soil by means of demonstrations, anima
tions, and actual photography. The story 
of the disintegration of rock includes the 
work of the weather, stream erosion and 
transportation, glaciers, winds and waves, 
rain and air, plants and animals.*3 3

3. University of. Arizona. &ving Pictures, Biennial 
Announcement. 1946-48. p. 65.
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B. Specimen material
1. Bock specimens from which local soils 

originated
2. Specimens of partly weathered rocks
3. Samples of ^>il separates
4. Samples of soils found in the community

C. Field material
1. A soil cut showing a good soil profile
2. An example of a very good soil and one of 

a very poor soil in the community
II. Analyzing the Relationships between Soils and Their 

Vegetative Cover
A. Films . :. ; . .

1. "Roots of Plants"— 400 ft., sound. Ency
clopaedia Brltannica Films; available from 
University of Arizona #1.50, and Arizona 
State College at Temps, no charge

"Presents examples of tap, fasoilated 
and fibrous, and treats their structure 
and function. Time-lapse photography por
trays the growth and sensitivity of 
primary roots and rootcaps. Photomicrog
raphy makes visible the passage of a root 
through the soil and the movement of 
photoplasm in a root hair. An osmosis ex
periment is demonstrated and process later 
interpreted by animation. The formation 
and storage of starch and sugar are explained. ”4 2

2. "Leaves"— 400 ft., sound, Encyclopaedia 
Britannica Films: available from Univer
sity of Arizona #1.50 and Tempe State 
College, no charge
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"Signifio#ae@ of leaves to all forms 
of life. Relationship of plant leaves to 
other parts of a plant-roots, stems and 
flowers. Types of leaves and essential 
parts of the typical leaf. Microscopic 
views of cross section of leaves. Photo
synthesis explained by animated drawings. 
Several plant structure s which are es
sentially modified leaves."5

3. "How Plants Feed"— 400 ft., sound, Visual 
Library; available from University of 
Arizona §1.50

"This film is intended to form a part of 
a broad outline of the fundamental princi
ples of biology describing the properties 
of living matter, including food and the 
methods of assimilation in plants. These 
scenes of the growing plant, growing root, 
osmosis, function of leaves, examples of 
stomata in different plants, activity of 
guard cells surrounding stomata during a 
period of sunshine, plastids from cabbage 
leaf showing dhloroplasts, ehloroplasts in 
Canadian pondweed, and crystals forming from 
concentrated solutions of some .of the many 
substances which plants form.

B. Specimen material
1. Sample of a highly saline soil
2. Sample of a highly alkaline soil
3. Samples of commercial fertilizers
4. Sample of highly sandy soil
5. Potted plants such as besms, radishes, 

com, etc.
6. Dried specimens of crops and weeds with 

root systems 7
7. Roots, leaves, and stems for class study

5. Ibid6. Ibid. p. 40. 
p. 39.
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8. Samples of dried and preserved diseased 
specimens

9. Samples of straw--barley, flax, sorghum
10. Samples of stems of plants grown with

excessive nitrogen such as barley, alfalfa, 
flax, etc.

III. Using Irrigation Water Efficiently
A. Films

1. "Irrigation Farming”— 800 ft., sound, 
U.S.D.A.: available from University of 
Arizona $.75

"Irrigation practices in Arizona, Colo
rado, New Mexico, and Utah.* Shows waste
ful, methods of irrigation, leveling and 
grading the land before planting the crop, 
and irrigation layouts. Different methods 
for measuring water flow, types of check 
gates and their installation, turnouts, 
equalization basins, and the determination 
of moisture depth and rate of Irrigation are shown."?

2. "Muddy Waters"— 400 ft., sound, U.S.D.A.; 
available from University of Arizona #.50

"A story of land use and abuse in the 
Southwest. Shows conditions when the white 
man came and how his two great Industries, 
grazing and farming, depleted soil
building vegetation, resulting in destruc
tion of the soil by floods and erosion.
It points the way to necessary remedial measures."8\

3. "Measurement of Water”— 1200 ft., sound, 
Dept, of Interior; available from Regional 
Director, Bureau of Reclamation, Boulder 
City, Nevada, no charge

Features the measurement of irrigation 
water from main canals to farm laterals.
A good film from both appreoiatlonal and 
praotibal viewpoints.

7• Ibid., p. 4©.8. TEH., p. 43.
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B. Specimen material ' ;
1. Dried specimens of crops and weeds with

root aystems ^ . : : '
2. Samples of soil supplements

C. Field material _ " . y:' ,
1. Farm which has some goc^. irrigation eon- 

trols
2. Farm which is being irrigated
3. Pumping station where flov/ may be 

measured .
IV. Making Land More Productive through Proper Use of 
: Fertilizers

A. Films .
1. .**Life of the Soil"— 1200 ft., sound, 

color, National Fertilizer Assn.; avail
able from National Fertilizer Assn., 616 
Investment Bldg., Washington, D.C., pay 
return postage

Constant cultivation without returning 
organic matter depletes the humus content

; of the soil. Organic matter gives good 
• structure to soil, provides food for soil 
bacteria which convert plant food, and 
stores nitrogen and phosphorus for use of

.....  plants. Offers proof that it is possible
to maintain soil fertility and raise 
larger crops with the addition of fer
tilizer. . 2

2. "Putting Plant Food to Work"— 800 ft., 
sound, color, National Fertilizer Assn.; 
available from National Fertilizer Assn., 
616 Investment Bldg., Washington, D.C., 
no charge

Includes the development of fertilizer 
application, the problems encountered, the 
experimental organization required to do 
constructive work, the movement of fer
tilizer in the soil under dry and wet con
ditions (animated) , and results obtained by 
experiment stations and farmers using the 
better methods of application.
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"Machine Placement ©f rertill2er”-*S00 ft., silent, color, American Potash Insti
tute; available from University of Cali
fornia, Dept. of Visual Instruction, 813 
So. Hill st., Los Angeles, no charge

Shows machine application of fertilizers 
to lettuce and sugar beets. Shows various 
types of machines used including one that 
lifts up the lettuce beds and places a 
ribbon of fertilizer In one operation.

B. Specimen material
1. Specimens of plants suffering from mal

nutrition due to various conditions
2. Samples of soil laboratory reports
3. Specimens of fertilizers and soil supple

ments
4. Potted plants— rapid growing kinds
5. Samples of plant food elements ■; ^

C. Field material
1. Fields showing effect of various fertiliz

ers on crops
2. Fertilizer placement machinery

V. Utilizing proved Soil-Management Practices
A. Films

1. "Hunger Signs"--600 ft., sound, color. 
National Fertilizer Assn.; available from 
U.S.D.A. Soil Conservation Service, Box 
1348, Albuquerque, N.M., pay return 
postage

The effect of nutrient deficiency in 
plants. Illustrates virgin soil and its 
history. Shows graphically the raw ma
terials required to produce 100 bushels 
of corn. Contains pictures of plants and 
animals suffering from malnutrition. The 
causes and methods of treating nutritional 
deficiencies are outlined.
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2. "Harvest for Tomorrow*--1200 ft * t sound, 
U.S.D.A.: available from University of, 
Arizona |l.00

"Shows the need for soil ceaservation 
and a sound pasture improvement program 
on New England farms that have known a 
satisfying way of life, but continuous 
drawing of fertility from the soil has 
taken a heavy toll. Soil building prac
tices in the northeastern states v/ith em
phasis on grass and legumes are shown.”9

B. Specimen material
1. Samples of local soils
2. Samples of soil amendments

, 3. Sample cropping plans of farms in the com
munity

0. Field material
1. Field where seedbed is being prepared
2. Machinery adapted to newer methods of 

planting
3. Dairy farm where manure is correctly 

handled
VI. Conserving the Natural Soil Resources ,

A. Films
1. "In Common Cause*— 800 ft., sound, U.S.D.
■ A.; available from University of Arizona

s "Shows what soil conservation districts
have accomplished; how they are formed and 
operated, and the big job yet to be done 
in this vital program for increasing crop 
production and saving our soil. Filmed in the middle west."10 2

2. "The Other Side of the Fence"— 600 ft., 
sound, color, Phillips Petroleum Company

97
10. pTTTT

p. 39.

. w*
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available from Editor, PMlfarmer. 
Phillips Petroleum Co., Bartlesville,

: . Oklahoma, no;charge f
;• "The film portrays very vividly the 
relationship between soil fertility, live 
stock and human health. It is well 
adapted for use in classroom teaching.
Dr. W.A. Albrecht, nationally-known 
authority on soils, served as adviser in 
the preparation of the film. *11

5. Specimen material
1. Samples of soil high in organic matter and 
, low in organic matter :
2. Pictures of soil erosion control practices

C. Field material
1. Examples of erosion
2. Examples of work by the Soil Conservation 

Service

List of Department Equipment and Supplies

The following is a suggested list of minimum equipment
and supplies necessary for the proper instruction of soil12
and water management. Equipment bulletins of Arizona,

13 14 15Kansas, Washington, and West Virginia were used as

11. Albrecht, W.A. rtSoil Husbandry." Better Farming Meth
ods, Vol. XX, No. 3 (March 1948), p. 70.12. Cline, R.W. et al. Buildings and Equipment for Depart-

• gents of Vocational Agriculture, Arizona State 
Board! for Vocational Iducat’idn, Bulletin No. 2.

13. Fenton, F.C. and Kugler, H.L. Buildings and Equipment
for Vocational Agriculture Instruction,KansasState 
College Bulletin, Ito. 57.

14. Loreen, Oscar and Webb, E.M. High School Vocational
Agriculture Classrooms. State Collegeof Washington, _Agricultural Education Bulletin No. 2.

15. West Virginia State Board of Education. VocationalAgriculture Standards.
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references.
I. Minimum Equipment for Proper Instruction of Soil and 

Water Management ,
A. General equipment

1. Film projector, 16 mm. sound
2. Film projector, 35 mm. slide and strip 

(single and double frame)
3. Beaded screen, portable
4. "Speedry" or similar brush pen with ink 

(for charts)
5. Opaque projector

B. Special equipment
1. Soil testing kit
2. Twelve test tubes
3. Soil auger 
4« Soil tube
5. Soil probe
6. Farm level and rod
7. Steel tape, 100 feet
8. Plant press
9. Four capillary tubes, 3 feet long
10. Two spades

II. Minimum Supplies for Proper Instruction of Soil and Water Management
A. General supplies

1. Roll of 36 inch wide charting paper
2. Mimeograph stencils and paper
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B. Special applies
1. Refills for soil testing outfit
2. Fertilizer charts (National Fertilizer Ass?., 

Naseo, U.S.D.A., commercial fertilizer 
concerns, and teacher made)

3. Plant press papers
4. One dozen 6-inch plant pots
5. Plant food deficiency experiment kit

C. Specimen material
1. Rock specimens from which local soils 

originated
2. Specimens of partly weathered rocks
3. Samples of soil separates
4* Samples of soils found in the community
5. Sample of highly saline soil
6. Sample of highly alkaline soil
7. Samples of all common commercial fertilizers
8. Sample of highly sandy soil
9* Potted plants such as beans, radishes, 

corn, etc.
10. Dried specimens of crops and weeds with 

root systems
11. Roots, leaves, and stems for class study
12. Samples of dried and preserved diseased 

specimens
13. Samples of straw— barley, flax, sorghum

• 14. Samples of plants suffering from malnutri
tion due to various conditions

15. Samples of soil laboratory reports



16. Sample cropping plans of farms in the com
munity

17. Samples of soil high in organic matter
18. Samples of soil low in organic matter
19. Samples of soil separates
20. Samples of stems of plants grown with ex

cessive nitrogen, such as barley, alfalfa, 
flax, etc.

21. Samples of the plant food elements
22. Pictures of soil erosion control practices
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" MEASURING TEE OUTCOMES OF INSTRUCTION 

Importaoioe of MeasareeeBt

Measurement in education is too often associated only 
with arriving at student grades. % i s  is of course one of 
the functions of measurement; however, there are more im
portant outcomes of effective measurement. Some of these 

1are:
1. To help students determine their progress 

toward goals and objectives which they as
sist in formulating and accept as important

2. To help teachers determine the effectiveness 
of their instruction 3

3. To provide information of value in apprais
ing the effectiveness of a program of voca
tional agriculture in a community

Measuring in the Light of Objectives

The first fundamental problem in measurement is what 
to measure. This of necessity must be arrived at by a con
sideration of the abilities the student is expected to ac
quire such as understandings, skills, appreciations, and

. 1.--beyoe, • teaching Techniques, p. 37.



ideals.
The objectives for the course were drrelO$>e<l prior to 

formulation of the teaching units, and were used to arrive 
at suitable content. They were used again as an aid in se
lecting items which would be valid measures of whether or 
not the student had acquired the soil-and-water-management 
abilities necessary to becoming a successful farmer in 
Arizona. "

At least one attempt has been made in this field of in
struction to measure each major objective individually and

. . . . - 2 .... -objectively. Turk and Dressel at Michigan State College 
used a four-hour test of this type as a means of evaluating 
the introductory course in soils at that college. The type 
of items used were of a problem-solving nature in which a 
situation Is given and statements made about it which are 
rated according to several criteria. Examples of this type 
of item may be found in the last part of the objective test 
included in this chapter.

Types of Measurement

Measurement in agricultural classes does not consist 
entirely of using pencil and paper tests and examinations.
The major emphasis in evaluation should be with measurement

2. Turk, L.M. and Dressel, Paul 1. An Evaluation of the
Introductory Course in Soils aF^/achigan State College. 
Michigan State College Bulletin VoTTTTT SoTT.----
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of: (a) the attainment of desirable results, (b) the
choice and use of practices which are likely to produce
best results, and (c) the understanding of how and why cer-
' ' :: ■ ' :- i--.; - - v -' - /' / ; 3 ; : ' '. . : " -
tain practices produce desired results.

There are several types of tests and examinations 
which may be used for measuring the attainment of objectives 
in soil and water management. While some standardized tests 
have been developed for students of vocational agriculture, 
none have been constructed on content pertaining to this 
study. The pencil and paper tests which are used are 
teacher-made and are usually "objective" or "new type" ex
aminations. Some essay tests are used and are usually 
constructed for more or less objective scoring. Check 
sheets on doing abilities have not been used to any great 
extent because of the difficulties in administoring them.

In addition to the tests and examinations, the follow
ing procedures are recommended for evaluating outcomes of 
instruction:
1. Analyzing accomplishments in supervised farming
2. Analyzing plans, records, notebooks, and other materials 

prepared by the student
3. Using information secured by observations, conferences, 

and other informal approaches. 3 4

3. Deyoe, G.P. 0£. oit., pp. 38-39. ' “
4. Deyoe, G.P. understandings and Problem-Solving Ability

in Agriculture. Animal Husbandry ta standardized test7 4 parts).
5* Cook, G.C. A Handbook on Teaching Vocational Agriculture, Chapter Xv. y ,
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Using Measuring Devices

Tests and examinations are used throughout the teach-
v ■ 6ing of each unit. In a recent study by Gray it was found 

that Arizona teachers use an average of seventy-five self- 
made tests per year; and though all the teachers surveyed 
used tests at the completion of each unit, 80 per cent also 
used short frequent tests. With such extensive use of 
tests as the major evaluative device, special precautions 
should be taken to prevent measuring only the retention of
isolated facts and fragmentary information which has been
■ ■ ■ 7
memorized. An effort should be made to determine how well 
the student can apply the facts and information to prac
tical farm situations.

Analyzing accomplishments in supervised farming pre
sents a valid measure for determining whether or not a stu
dent has acquired some of the more important abilities.
Features of these programs which reflect the development of 

■ ■. 8 ■ : 
desired abilities are:

1. The variety and scope of activities included
2. Continuity and expansion of activities from 

year to year
3. Levels of efficiency attained in the various 

enterprises presented 6 7 8

6. Gray, H.B. "An Evaluation of Teacher-made fasts in Vo-
oational Agriculture in Arizona" (unpublished research report, University of Arizona).

7. United States Office of Education, Methods in Teaching
as Applied to Vocational Education in Agriculture.8. Deyoe, G.!*. teaching Techniques, p. 3^7
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4. Approved practices applied 
:; ̂  aavaneement in fanning status.
;..•: Analyzing plans, records, notebooks, and other materi
als prepared by the student is indicative of student learn
ing involving such abilities as problem solving, making 
managerial decisions, producing efficiently, managing a 
farm business, and organizing sources of material. This 
type of measurement is also a good criterion of the reli
ability and dependability of the student.

Using information secured by observation, conferences, 
and other informal approaches enables the teacher to secure 
information for evaluation which can be obtained in no other 
way. Many of the abilities of appreciation and the attain
ment of ideals cannot be evaluated by testing, because the 
student is on his guard and answers as the teacher would 
have him answer instead of revealing his own convictions.
The kinds of activities in which the student participates, 
his enthusiasm in accepting responsibility, and the general 
qualities of attitude and conduct are some of the measures 
which can be applied as aids in evaluation.

Test for the Area of Soil and Water Management

The following test for use with the area of soil and 
water management was constructed as a part of this study 
because it was felt that a teaching unit is not completely 
taught until the results of the instruction have been
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measured. Only one large test has been prepared, v/hleh Is 
Intended for use after the completion of the six units In 
the area of work. It is not Intended that this he the only 
measurement done, but it is one of the instruments used.
There is a need for an investigation into instruments for 
measuring doing ability and some of the creative skills, but 
this has not been attempted in the present study.

The test consists of fifty.true-false items, ten items 
of terminology, fifteen simple response items, five problems, 
ten multiple choice items, and twenty modified multiple 
choice items.
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AREA TEST ON SOIL AND WATER MANAGEMENT

This test consists of 110 simile respOBse items. Tom 
will have one hour to complete them. (Total possible score
145.) ' ' ' ' ' : '' ' ' ’ ; ' ' .“

Section I, True-False
Read these statements and mark each one in the space 

at the. left with a plus sign (+) if it is true, or with a 
zero (0) if it is false. (Scoring— number correct minus 
number wrong.)9 :

(+) 1.
(0) 2.
(0) 3.
(+) 4.
(+) 5.

(+) 6.
(0) 7.
(+) 8.
(0) 9.
(0) 10;

(+) 11.
(+) 12.

A salty soil retards germination.
Commercial fertilizer increases the humus in thev soil. . .... .
Burning off barley straw improves the soil strue-
■ ture. - . : . , .. , ....
Plowing or discing straw into the soil may starve 

the following crop for nitrogen.
Gypsum helps only if the soil has too much 

sodium salts.
Phosphate fertilizers are quickly tied up in 

alkaline soils.
Soil texture can be improved by the use of organic 

matter. .. :
Legumes are the only crops that fix nitrogen in 

nodules.
Caliche may be nodular but it is still a hardpan.
The best way to determine texture is by looking at 

a soil profile
Proper seed placement helps to evade the harmful effects of salinity.
Organic matter helps to keep phosphate available.

9. Ross, C.C. Measurement In Today’s Schools, p. 131.
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(0) 13. Crops take some of their nitrogen directly from
the air.

(0) 14. The soil must have plant nutrients for seed ger-
: . ' ■/. minatlon. :■ ;:»<■ - ■(0) 15. Manure is a good source of phosphorus.
(+) 16'. Desert soils usually need nitrogen and phosphorus.
(0) 17. To test for *black alkali,” make a soil germination
„ v test. : . ; .(+) 18. Sap flows down in the outer layer of a cotton stem.

(0) 19. The pith of a stem carries water.
(♦) 20. Ammonium phosphate may be drilled with barley seeds
: without harm to the seedlings.

(0) 21. Roots absorb water through the root cap.
(0) 22. Girdling a date tree is a good way to kill it.
(+) 23. Crumby structure of the soil depends largely on

organic matter.
(+) 24. Decayed organic matter in the soil is called humus.
(0) 25. Puddled soils make good seedbeds.
(0) 26. The seeds of legumes are inoculated to prevent

diseases.
(+) 2?. Gypsum is used to correct "black alkali."
(0) 28. Green manure is stable manure that has not lost

its nitrogen.
(+) 29. Heavier texture means larger proportion of fine

particles. . \
(+) 30. A salty soil has to he kept more moist than a

salt-free soil.
(+) 31. Alfalfa is a heavy user of nitrogen.
(+} 32. Fibrous roots usually do not go as deep as tap

roots.
(0) 33. Root hairs are to protect the root cap from injury.
(+) 34. Soil can be puddled by working it too wet.
(+) 35. The seedbed must be firm to allow capillary rise.
(+) 36. The seedbed must be loose to provide aeration.
(+) 37. Organic matter is needed for fungal growth in the

soil.
(+) 38. Good structure is difficult to maintain in a clay

loam soil.
(0) 39« Salt River valley soils are colluvial.
( + ) 40. TThat makes a soil sandy or clayey is the size of

the particles.
(0) 41. Phosphate fertilizer moves freely through the soilin water solution.
(0) 42. When plants are small, it is best to cultivatevery shallow.
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(0)

(+)
(*)
(+)

43. Water moves toward roots because of their drawing 
action.

44• “Sandy loam" soil is a soil type.
45. Desert soils are low in organic matter.
46. "Black alkali” is a black-salt accumulation.
47. In border irrigation the least penetration occurs

at about one-half the distance down the field.
48. Texas root rot can be spread to different farms

by custom tillage.
49. The sprinkling system of irrigation tends to

maintain good soil structure.
50. Water with 2000 ppm. salt content is considered

unsafe for irrigation use.

Section U ,  Matching
Write in the space at the left the number of the defini

tion which correctly defines the term. (Scoring - One point 
for each correct choice.)

-' Group 1
(3) 51. Adhesion 1. Dissolving and washing salts
/ - to lower levels in the(6) 52. Capillarity soil.

2. The breathing process of
(4) 53. Cohesion plant leaves.

3. The force holding like par-
(2) 54. Transpiration tides together.
# 4. The force holding unlike
(1) 55. Leaching particles together.

5. The movement of soil moisture
in the form of vapor.

6. The subbing movement from
thicker to thinner water 

' ■ : . ■ . films.
7. The very thin water coating

around soil particles and 
- _ : : ■ K" ' - : - r ' crmbs. . ■' .

8. The water held by the soil
against the forces of 
(gravity and capillarity.
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group 2
(2) 56. Aggregate . 1. A classification of soils

based on size of soil
(4) 57. Dispersion . : particles. :

2. A cluster of soil particles
(3) 58. Profile cemented together.

. 3. A vertical section of soil
(6) 59►Structure showing the horizons.

4. leaking soil crumbs into
(1) 60. Texture their original particles.

5. Containing soluble alkali
' ' '■ ' . : . . . salts.6. The arrangement of soil
.... . , particles.V . 7. The original soil units which

combine to make sand, 
silt, and clay.

8. The well-decomposed part of 
the organic matter of the 
soil.

Section III, Completion
Write the correct answers to complete the following 

statements in the space at the right. Be sure to write the 
answer on the line that has the same number as the blank. 
(Scoring - For each item correctly answered: 61-75, one 
point; 76-78, three points; 79-80, six points.)

61. A pH above 7.0 indicates -61- . 61. Alkalinity
62. Root knot is caused by the

organism -62- . 62. Nematodes
63. The wilting point is -63- of

the field holding capacity. 63. l/264. Flowing under green crops for - ...
soil improvement is called -64- .64. Green manuring65. Four inches of water will
"refill" about -65- feet of
clay loam soil. 65. 2



66. Four inches-of water will "refill”
about -66- feet of sandy loam
soil. 66. 5

67. Our most commonly used soil
corrective in Arizona is -67- » 67. Gypsum

68. Loss of plant food during
heavy irrigation is . :
called -68- . 68. Leaching

69. Crowned seedbeds keep -69- . .:
away from the young plants. 69. Salt

70. The most important group of soil
building plants are -70- . 70. Legumes

71. A soil with carbonate of soda
alkali is called -71-
alkali soil. 71. Black

72. A soil,with a high salt content
is called a -72- soil. 72. Saline

73. The movement of oil upward in a
wick is an example of -73- . 73. Capillarity

74. Manure should.be reinforced
with -74- . 74* Phosphate75. Of the three main fertilizing
elements, Arizona soils are most likely to have
sufficient -75- . 75. Potassium

76. There would be -76- pounds of
nitrogen in a ton of 10-20-5 
fertilizer. 76.

77. If 32% aamonium nitrate fertilizer 
• cost $64 a ton, you pay -77-

per pound of nitrogen. 77.
78. If 40%.double super phosphate costs

■ 140 a ton, you pay -78- per
pound of phosphate. 78.

79. A ton of your own 10-20-0 mix of
ammonium nitrate and double 
super phosphate would require 79. 
-79- pounds of ammonium nitrate.

80. A ton of the above mix would
require -80- pounds of double 
super phosphate. 80.

200
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Section IV, Multiple Beaponse 
Place an "X” in the space provided at the left of each 

statement that correctly applies to the numbered item. If 
the statement does not correctly apply, leave the space 
blank. (Scoring - One point for each "X" in the correct 
space, and one point subtracted for each ”X" placed in a 
wrong space.)

81. The characteristics of clay soil are:
X 1. Composed of very fine particles

2. Composed of medium sized particles
3. Composed of coarse particles 
k* Dries out quickly
5. Water holding capacity is high
6. Crumb structure is easily destroyed
characteristics of sandy soils are:
1. Composed of very fine particles
2. Composed of medium sized particles
3. Composed of coarse particles
4. Cracks badly when drying
5. Washes easily with water
6. Penetration is relatively slow
characteristics of organic matter are:
1. Rich in plant food elements
2. Rich in bacteria
3. Is an excellent soil corrective
4. Holds moisture a long time
5. Stays in the soil indefinitely

advantages of commercial fertilizers are:
1. Low cost per unit of plant food
2. Rapid improvement of soil structure
3. Ease of application
4. Quick availability to plants
5. Gives rapid rise in population of soil organisms
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85. Soil conditions peculiar to Arizona are: 
X 1. Trend toward alkalinity

2. High organic matter content 
T X~~ 3. Poor structure on heavy soils
" X , 4. Soils are deep , r 
___ 5. Shallow plant root systems
X 6. High water loss by evaporation

86. Commercial sources of nitrogen are:
_ 1. Phosphate rook
X 2. 16-0-0 fertilizer 
_ 3. 0-20-15 fertilizerX ' 4. Ammonium sulphate
"X 5. Organic manures

87. Commercial sources of phosphate are:
1. Calcium nitrate 

"X"' 2. Ammonium phosphate
' y.'' 3- 11-48-0 fertilizer

4. Chilean nitrate
5. Kaihite.,

88. Nitrate fertilizer promotes:
1. Early maturity 

X " 2. Vegetative growth
X "" 3. Increased protein content in crop
“X ' 4. Green color in plants
__ _ 5. Seed formation

89. Phosphate fertilizer promotes:
li Vegetative growth

; X  2. Early maturity
X 3. Root and stem growth 
X ' 4* Early root formation and growth
•' 5. Green color in plants

90. Soil structure may be improved by:
. ; 1. Burning off straw of grain crops;

X ‘ 2. Using green manures
3. Using commercial fertilizers 

X  4. Uniform wetting of the land
___ 5. Treatment with DDD
____ 6. Subsoiling
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Section V, Multiple Choice
A 169-acre dairy farm located in the Salt River Talley 

has clay loam soil. The land la almost flat and the drain- 
age is good. The pH of the soil is 8.5 due to the presence 
of "white alkali" salts. Forty acres is in alfalfa pasture, 
40 acres in alfalfa for hay, 40 acres double cropped with 
barley and negari, and 40 acres in flax for a cash crop.
;; After carefully considering these data, you are to
study each of the practices below. By an application of
your knowledge of the properties of this type of soil, judge
each practice in one of the following ways by inserting the
appropriate number in the column at the left:

"l" if the practice is one the farmer should use
"2" if the practice is good in some oases but not on 

this farm
”3” if the practice is not good on any farm. 

(Scoring - Number right minus 1/2 number wrong.)

(2) 91. Use gypsum in the pasture where spots are puddled, 
(l) 92. Apply 200 pounds per acre super phosphate to the
- > alfalfa and renovate it.
(1) 93. Seed oats in the pasture in the fall and renovateit in.
(1) 94. Divide the pasture so the cows can be kept in a

dry field.
(3) 95. Put in drain tile where soil is puddled in the

pasture.
(2) 96. Use bone meal as a source of phosphate.
(2) 97. Apply a mixed fertilizer containing potash to theflax.
(1) 98. Mix super phosphate with manure,
(3) 99. Use a liquid nitrogen fertilizer in the latergrowing stages of the barley.
(1) 100. Burn the flax straw in preparation for the following crop.
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(2) 101. Apply lime immediately preceding the alfalfa crop.
(1) 102. Avoid use of "hard" water for irrigation.
(1) 103. In preparing the seedbed for hegari, disk rather

than plow the barley land.
(2) 104. The hegari does not need cultivation as long as

the weeds are under control.
(2) 105. Germinate hegari seed by irrigating it up.
(1) 106. Apply manure as a top dressing on the first-year

alfalfa.
(1) 107. Inoculate the alfalfa seed when the alfalfa appears

again in the rotation.
(1) 108. Use a landplane to take off high spots and level

the fields.
(2) 109. Use sodium nitrate on the hegari.
(2) 110. Divide the cultivated fields in a way to provide

short runs for irrigation water.



PART VIII

SUMMARY AND RECOMMENDATIONS 

Summary

1. Objectives for the area of soil and water manage
ment were formulated and grouped into six major abilities 
which were used as teaching units. The units are: (a) eval
uating the fertility of soils, (b) analyzing the relation
ships between soils and their vegetative cover, (c) using 
irrigation water efficiently, (d) making land more produc
tive through proper use of fertilizers, (e) utilizing 
proved soil-management practices, (f) conserving natural 
soil resources.

2. The content appropriate to each objective was
selected by a consideration of the types of abilities neces
sary to attain that objective. The types of abilities con
sidered are: (a) knowledge and understanding, (b) manual
skills, (e) managerial decisions, (d) appreciations and 
ideals.

3* A group of teaching-learning activities were de
veloped for each unit which Include: (a) demonstrations,
(b) field classes, (o) study of specimen materials, (d) use 
of visual aids, (e) use of guest speakers, (f) experiments,
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(g) student participation in collecting materials, (h) in
terpreting data for specific uses.
- 4. A list of teaching aids was formulated for each
unit of instruction which includes: (a) visual aids, (b)
specimen materials, (o) field materials, (d) student refer
ences, (e) teacher references.

5. A list of equipment and supplies necessary as mini
mum facilities for teaching soil and water management was 
developed. The list includes: (a) general equipment,
(b) special equipment, (c) general supplies, (d) special 
supplies, (e) specimen material.

6. A test was constructed to be used after the comple
tion of all six units. It consists of 110 simple response 
items: fifty true-false, ten matching, fifteen simple re
call, five problems, ten multiple choice, and twenty modi
fied multiple choice.

7. A glossary of selected terms for use in the study 
of soil and water management is included with the teaching 
units. ;

Recommendations

1. The following parts of this study should be mimeo
graphed and made available to teachers of vocational agri
culture in Arizona: (a) The Teaching Units, Part IV;
(b) the List of Department Equipment and Supplies in Part 
VI; (c) Test for the Area of Soil and Water Management in
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Part VII.
2. The materials mentioned above should be evaluated 

by workers in agricultural education after they have been 
used by teachers of vocational agriculture for a period of 
at least one year.

3. Procedures similar to those used in this study 
should be used to develop objectives, units, teaching
learning activities, references, and evaluation techniques 
for other major areas in the course of study for students 
of vocational agriculture in Arizona.

4# The following topics are recommended as studies 
for the further improvement of teaching the area of content 
included in soil and waber management: (a) approved prac
tices in soil and water management for Arizona farms; (b) 
use of instruments and techniques for measuring doing 
abilities in this area; (o) a simple soil-testing procedure 
for the soils of Arizona— develop a test kit; (d) compila
tion of data for efficient use of irrigation water; (e) units 
for teaching the use of the farm level to students of voca
tional agriculture— developed to eliminate the use of notes; 
(f) use of visual material for teaching soil and water man
agement .
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APPENDIX A

SUGGESTED CONTENT FOR THE THIRD TEAR COURSE 
IN VOCATIONAL AGRICULTURE FOR ARIZONA

Periods
Farming programs 18
F.F.A. activities 6
Soils and fertilizers 25
Irrigation 15
Small grains 7
Cotton 7
Sorghums 5
Special crops- 8
Weeds 4
Sheep 5
Turkeys 4
Bees 6
Horses and mules 6
Special animals

120
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APPENDIX B

CHECK SHEET FOR EVALUATING TEXT AND REFERENCE BOOKS 
FOR THE STUDY OF SOIL AND WATER MANAGEMENT
- . ' " - ■

Weir, W.W. Produotive Soils_____________ _
" Author Title
J.B. Lippinoott Company______ 1946 325_____ $2.75
" PuBIisEer Date Pages Cost
Evaluated for: Text X Student ref. __ _ Teacher ref.
Evaluated for use with unit Units I through VI

Criteria S* A* P*
A. Nature of content

1. Accurate, authentic, and up-to-date X2. Adapted to agriculture of the region X
3. Adapted to the immediate and future

needs of young farmers X
4. Presents a range of data appropriate to

the abilities of various members of
the class X

5. The content indicates that the author
has a broad understanding of his field 
and its relation to the business of 
farming as a unit ' X6. The content included indicates the
author has an understanding of the 
objectives of education, modern 
trends in philosophy, and the laws 
of learning X

♦Superior, S; Average, A; Poor, P
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CHECK SHEET (coat.)
Criteria S A P

B. Organization and presentation of data
1. Approach to the problem natural and

interesting X
2. Sequence arranged for best pupil

interest and problem-solving approach X
3. Content organized around appropriate

teaching units X
4. Factual information presented in

clear, concise form X
5. Content written on vocabulary level that

the learner can understand X
6. Use of graphs, tables, drawings, and

pictures X
7. Source and supporting evidence for

data given X
8. Appropriate list of references X

C. Mechanical arrangement
1. General appearance of the volume X
2. Type large and clear, on good stock

of paper X
3. Sufficient margin and bold type head

ings for all main topics X
4# Illustrations artistic, clear, and 

tell a story
5. Cross index complete and easy to use
6. Binding of good quality

D. Remarks
(1. Each chapter has demonstrations outlined

for the use of the teacher) X
(2. Has suggested field studies for each

chapter) • X
(3. Has good set of questions for study

with each chapter) X

Approved X
No. copies needed: One for each student plus one

MM


